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1 Getting Started

If you are new to Origin, or have used a much older version in the past, it is highly recommended that
you start with these tutorials. Once you have familiarized yourself with the interface and key concepts
of graphing and analysis introduced in these lessons, you can then move on to other chapters that
cover Origin features in more detail.

At the end of each lesson, we ask you to save the project. Please work through the tutorials
sequentially as some build on previous lessons.

My First Graph
Graph Templates and Batch Plotting

Data Selection

Merge and Arrange Graphs

Publishing Graphs

3D and Contour

Gadgets
Curve Fitting

Peak Analysis
Statistics

Analysis Template

Apps in Origin

1.1 My First Graph

In this first lesson, we will generate some data, create a graph, do some simple customization of the
graph, and save the data and graph as an Origin project.

1.1.1

Generate data and graph

Launch Origin. You will see an empty workbook with one worksheet containing two columns.
Right-click on column A, expand the context menu if needed, and select Fill Column with: A set

of Numbers....

You can turn off collapsible menus by unchecking the Enable Collapsible Menus
check box on the Miscellaneous tab of the Tools:Options dialog.

In the dialog, set From as -10, keep To as 10, set Increment as 0.1. Click OK to close the dialog.

Column A will be filled with numbers in the specified range.


http://www.originlab.com/doc/Tutorials/GSB-first-graph
http://www.originlab.com/doc/Tutorials/GSB-template-theme-batchplotting
http://www.originlab.com/doc/Tutorials/GSB-data-selection
http://www.originlab.com/doc/Tutorials/GSB-Merge-Arrange-graphs
http://www.originlab.com/doc/Tutorials/GSB-publish-graph-tutorial
http://www.originlab.com/doc/Tutorials/GSB-3d-contour
http://www.originlab.com/doc/Tutorials/GSB-Gadgets-tutorial
http://www.originlab.com/doc/Tutorials/GSB-curve-fitting
http://www.originlab.com/doc/Tutorials/GSB-pa-tutorial
http://www.originlab.com/doc/Tutorials/GSB-statistics
http://www.originlab.com/doc/Tutorials/GSB-analysis-template-lesson
http://www.originlab.com/doc/Tutorials/GSB-apps
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4. We will now set column B as a function of column A. Double-click in F(x) label row of column B.

This will place you in edit mode for that cell. Type the formula:

sin(col (1))

a0 | Bm |

Lang Mame
Units

Comments

Fix)=

Now let us create a graph. Click on the header of column B to select the entire column. Then click
Ve

window will open, with the data plotted as a line.

the Line button in the 2D Graphs toolbar docked at the bottom left of the interface. A graph

(Bl crapt oo |
i ==

1.1.2 Customize the graph

1.

We will now do some simple customization of the graph. Right-click on the X axis, and from the
context menu, select Hide Grids. This will add grid lines for the X axis. Do the same for Y axis.

Click on the line plot to select it. Then from the Style toolbar docked at top middle of the interface,

i .
change the color to Blue by using the Line/Border Color ™= button.

Change the width to 3 by using the the Line/Border Width drop-down list 05 8

Single-click inside the layer, but not on the grid lines or plot. You may need to click once to
deselect your plot and then again to select the layer. The graph layer will be selected, and this will

be indicated by selection handles. Change the layer background color to LT Yellow by using the

Fill Color button & in the Style toolbar.

In column A, double-click the cell for Long Name and type my x.
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For column B, type my y into Long Name, mV into Units, and Sine Wave into Comments.
7. Click and select the graph window. The X and Y axis title and legend on graph will be updated

accordingly. Your graph should look like below:

s A | B @)
Lnng Name my x myy
Units mv
Comments Sine Wave
Flx)= 1
®

Graph is auto-

updated by the = - \
meta-data £ ..
(Long Name, E \ l
Linits .
Comments) '
entered into the e \/ \\/ \/‘
worksheet |

1.1.3 Explore data graphically

1. Letus now explore the data graphically. Make sure the graph window is active by clicking on
the title bar.

o Hold the Z key down and use the mouse wheel to zoom in and out on the X axis.

o Hold the X key down, and use mouse wheel to pan across the x axis.
9 Hold the Shift key down along with Z/X keys to zoom/pan in Y direction.

o Bring the plot back to full scale by clicking the Rescale button Hin the Graph

toolbar docked to the right side of the interface.

v Use shortcut CTRL+R to rescale plots in the graph layer.
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2. Click the Data Reader Ed button from the Tools toolbar docked to the left side of the interface.

Place the cursor on the curve. You can now use arrow keys to move the cursor along the data

plot and read coordinate values. Or, you can click anywhere on the curve to read the coordinate
values at that location.

=

ze arrow
keys to
move
cursor
ar
chck ata
point along
the curve

[

[

iy (m

06

Dvata i | [Beosls 1 [ Bbeeert 1108 vy " B ey "] =

1.1.4 Save the Project

We will now save this Origin project for later use.

Move mouse over to the Project Explorer bar on the left side of the work space to expand it.
2. Right click on the Folderl in the upper folders panel and choose Rename from the context
menu. Type My First Graph to rename the folder.

3. Choose menu File: Save Project to save the project. Give the project a name such as Getting
Started Tutorials.

Files created by the user such as projects, graph templates, fitting functions etc are by
default saved in the User Files Folder (UFF). You can find the UFF and other useful
folder locations in the System Path tab of the Tools:Options dialog.
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1.2 Graph Templates and Batch Plotting

In this lesson we will learn about graph templates, and also how to perform batch plotting.

1.2.1 Graph Templates

Let's start with the project file we saved in lesson one: My First Graph. Click to select the graph
window.

? You can quickly open recently-saved project files from the File: Recent Projects list.

1. Double-click on the axis tick label to open the Axis Dialog.
2. Press the Ctrl key and select the Top and Right icons in the left list box. Choose the Line and
Ticks tab and select the Show Line and Ticks check box then press OK.

Scale |Ticklabels Title | Gnds  Line and Ticks Specal Ticks | Breaks

@ [ Show Line and Ticks v ]
Bottom Use Same Options for Bottom and Top
B une E
Show v
Caler | . Black w |
Thidkness LS v
Left Axis Position Top v

:E' & Major Ticks
Sl | < E R -
Right .

3. Now let's save the graph as a template. Right-click on the graph title bar, and choose Save
Template As... from the context menu.
In the dialog, set the Template Name as My Line and click OK to save the template.
We will now generate a new column of data. Activate the worksheet, right-click on the gray area
to the right of the columns, and select Add New Column from the context menu.

6. Click inside the F(x) cell of this column, then right-click and select Open Dialog... from the
context menu. You can use the shortcut Ctrl+Q instead of the context menu.

7. Inthe dialog, use the Variables: Add Range Variable by Selection menu item to open the

Select from Worksheet dialog. Then select the first two columns in this worksheet, click the

Ebutton to confirm selection and click OK accepting the default setting for Insert Mode. Two
range variables will be added to the Before Formula Scripts panel of the dialog.

8. Enter the the following expression into the top panel:


http://www.originlab.com/doc/Tutorials/GSB-first-graph
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r2/rl

" | Set Values - [Bookl [Sheetl!Cal(C) o B[S
Formula wcol{l) Coli&) Function Varniables Options

Row [1): From <aubo» To <aubor

CollC] = @ _In:<| (6
re/Tl
Recalculate |Autls - ﬁl oK | MHJ | Apply ‘il

Before Formula Scripts

range 1l Cal (&) -
range r2 = Cal(B)

§§ Use the Formula: Load Samples menu in this dialog to view various examples on
setting column values. The Function menu offers a large selection of functions. You
can also search for suitable functions using the search button located in the top right
side of the formula edit box.

10. Click OK to close the dialog and see the values in column C. Type sin(x)/x into the Comments
cell of the column.

11. Click on the header of column C to select the entire column. From the menu, choose Plot:
Templates > User and from the drop-down menu select the My Line template we created

before. A new graph will be created using data from column C.

my %

1.2.2 Batch Plotting

In this section, we will perform batch plotting by first creating one graph and then cloning that graph
using other data.

1. Goto Project Explorer. In the upper panel, right-click on the root level and choose New Folder.
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2. Right-click on newly created folder, select Rename, and assign the name Batch Plotting. Click

on the empty folder to open it.
3. Using Windows Explorer outside of Origin, navigate to the folder <Origin EXE
Path>\Samples\Import and Export\. Press the Shift key and choose the following three files:

S32-014-04.dat
o S15-125-03.dat o S$21-235-07.dat ° a

4. Drag and drop the selected files onto the Origin workspace. The selected files are imported into

three new workbooks.
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Note: To import data files by drag-and-drop, you must not be running Origin as an

administrator.

5. Select one of the workbooks, then click on the header of column B and drag the mouse to column

D, selecting all three columns. Then select the menu: Plot > 2D: Multi-Y: 3Ys Y-YY.

Origin will look to the left of the selection to find the X column and plot the selected
data against the the 1st column in the worksheet.

6. Double-click inside the layer to open the Plot Details dialog. In the left panel, we can see there
are three layers. Expand Layer1 and choose the plot under it. Then in the right panel, change the
line width by choosing the Line tab and setting Line Width as 3. Repeat the line width setting for
the plots in the other two layers by selecting them from the left panel. Click OK to close the dialog
and apply the settings.

7. Now we will clone this graph using data in the other workbooks. Right-click on the title bar of the

graph and select Duplicate:Batch Plotting, and then choose Duplicate with New Books.


http://www.originlab.com/doc/Quick-Help/Why_does_not_drag_and_drop_work
http://www.originlab.com/doc/Quick-Help/Why_does_not_drag_and_drop_work
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8. Inthe dialog, press the Shift key and select the two workbooks in the top box.

You can set the Match Plot Columns by drop-down appropriately to find worksheets
in the project that match the data configuration of the current graph.

9. Click OK. If prompted to rescale the axes to show all data, answer Yes and click OK. Two similar

graphs will be created with data from the other two books.

féj [

121

g

10. From the menu, choose File: Save Project and save your modified project.

1.3 Data Selection

In this lesson we will learn about flexible ways of selecting data for plotting.

1.3.1 Plotting Data from Multiple Worksheets

1. Let's start with the project we saved in lesson two: Graph Templates and Batch Plotting. Select
any workbook, and make sure no data columns are selected. You can click in the gray area
outside of columns to remove selection.

2. Select menu Plot > 2D: Line: Line. The Plot Setup dialog will open.

[Fl
Click the ‘L’button on the right side to expand the upper panel if it is not already open.

Set the Available Data: drop-down list in the left panel to Worksheets in Folder.

Q To pick up worksheets from anywhere in your project, set the drop down to
Worksheets in Project.

5. Hold down shift key and select all three data sheets named Trial Run 1, Trial Run 2 and Trial
Run 3.


http://www.originlab.com/doc/Tutorials/GSB-template-theme-batchplotting
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6. Using the check boxes in the middle panel, assign Time as X and Position as Y. Click OK button
to create the graph.

This dialog has a third bottom panel which can be used to assign data to different
layers in a multi-layer graph. If that panel is open, you can simply collapse it and then
click OK to create the graph.

Avvalable Data: Long Hume Sheet = Cols FEows Fils Hume File Date Crewted

O Yl . 51612603 lTriul Ben 1 | 4] 1020[S16-126-00 dat L25/2008 15-16:1
TE S21-235-07. d|Trinl Bum 2 | 4] 720[S21-235-0T. dut 1252018 15181

e e Tt 53201404, d[Trisl Fum 3 | o] 670[532-004-04. dut [1/7/2008  [1/E5/2016 151801

Righl-click. on warious parels

10 i g ol e

o (1] 3
Pt Typa: [ShewdSl] [BoskdT Tris Fiun 1 [Book2] Tial Fun 2° [Bosok 3 Triel Foun 3 =] L]
- 4 T vEr | L | Caluan Leag Hana Communis Saapling Inbarwal

Beat b E Cautalr  Fresed/Slaps

Lis + Symbol 7 " Tine S15-125-03. dut

Celumn ! Bar B Delta Teaperature 51515503, dat

hrea C Bagetic Field 515-175-03 dut

Fracked Ares [Te ] D Fexition 515=17500. dut

Fill Arsa = = .
7. LU - =

8. We will now customize the legend for this graph. Right click on the legend and select Legend:
Update Legend...

9. Inthe dialog that opens, set Auto Legend Transition Mode as Custom. Then click the

button on the right of Legend Custom Format (@D, @LU etc) edit box, and in the fly-out
menu select @WS: Sheet Display Name.

10. In the edit box, type a hyphen - after the string@WS, and again click the right arrow button. This
time select @LD"Sample": Sample, which corresponds to column header row Sample in the

worksheet. Click the OK button. The legend will now display the sheet name and the sample

name.
Update Mode  Update = |
Auto Legend Translation Mode _D.m =|
Legend Custom Format[@D @LU etc) @&ws -G0S smple” -

Show Legend for Vizible Plots Only el
Hide Legend for Fitted Curves |

1.3.2 Using another Column to Set Color of a Plot

1. Goto Project Explorer. In the upper panel, right-click on the root level and choose New Folder.
2. Right-click on newly created folder, select Rename, and assign the name Data Selection. Click
on the empty folder and open it.
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10.

11.

10

13,
Click Import Single ASCII button -\ ®2and browse to <Origin EXE Path>\Samples\Graphing folder

and select the file US Mean Temperature.dat and import it.

We want to plot the positions of US major cities (columns Longitude and Latitude) as a scatter
plot and then colormap the data points with the annual mean temperature (column Annual). Click
on the header of column named January and drag and expand the selection all the way to the
column named December. Then right click to choose Hide/Unhide Columns: Hide.

Select the Longitude columns, then right-click and select Set As: X.

Select the Latitude and click Scatter button on the bottom left toolbar to create the plot of
longitude vs. latitude.

Double-click on any of the data points to bring up Plot Details - Plot Properties dialog.

With the data plot node [US Mean Temperature.dat]... under Layerl selected in the left panel,
activate the Symbol tab on the right panel. Click the Symbol Color drop-down and in the fly-out,
switch to the By Points tab.

Click the Color Mapping drop-down and select Color Mapping: Col(P): "Annual”. Click Apply

to see the effect, still keeping the dialog open.

Symbol Color Map ColiF). "A...

Single [W]

Uz column values
Indexing -
Dwect AGE -
| MapColfP) “Annual” |

Let us now set the axes lengths to scale with the range of X and Y values represented in the
graph. Click to select Layerl node on the left panel. Then go to the Size/Speed tab on the right
side. Check the Link Axis Length to Scale with X:Y Ratio box and keep the ratio as 1. Click OK
to exit the dialog and see the effect.

The colormap by default is set to Rainbow. Click on any data point in the graph, and then click on

the Palette toolbar button @ "in the Style toolbar. Select the Temperature palette to better

reflect the data. Click anywhere on the graph to deselect the plot.

You can add a map to a graph using the Maps Online App. This blog post is a good
place to start.



http://originlab.com/fileExchange/details.aspx?fid=240
http://blog.originlab.com/graphing/placing-3d-bars-on-a-map
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»>

Lt o

Longitude
12. From the menu, choose File: Save Project and save your modified project.

1.3.3 Selecting Multiple Non-adjacent Columns for Plotting

1. Open a new workbook window by clicking on the New Workbook button & in the Standard

toolbar.

2. Click the Import Excel button % on Standard toolbar. In the file dialog that opens, browse to
<Origin EXE Path>\Samples\Import and Export folder and select the file United States Energy
(1980-2013).xls. Make sure that the Show Options Dialog check box is checked, and press OK.

3. Inthe import options dialog that opens, expand the Column Headers node. Set the Index of
Rows for Long Name drop-down to 3, and the ...Units drop-down to 4. Then set the drop-downs
for ...Comment From to 1 and ...Comment To to 2.

4. Check Apply Header to All Sheets so that these settings are used for every sheet in the Excel

file.

E Column Headers

Mumber of Main Header Lires [saciude subkwader ines] 0 -

Mumber of Subkeader Lines <aulor -
Irwdest of Reowes For Short Marne (s -
Index of Rows for Long Name: 3 -
Index of Fows for Uit 4 -
Index of Rows for Comment Fiom 1 -
Index of Fiows for Commert Ta 2 -
Index of Fiows for Passmeter From {none -

Irvdis ol Fows Tor Pasameter Ta

Irvdbes: of Feowes For Uzen Prarammestes From RL -

Irvdbizs of Fiows: For Lloer Prarammetes To
Column Designations ilirchanged: -
Apply Header to All Sheets o

11
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5. Press OK to import the file. Then go to the first sheet named QOil. Hold the Ctrl key to select

Crude Oil Production, Oil Consumption and Total Oil Production columns.

EI UnitedStates - United States Energy (1980-2013).ds * o[@]|&®]|
AlX) GLY) A
Long Nams | Year Cr o Estimated Pelr ESRESGRISIRERE Refinery Capac BELEHS B Proved Resenv
Units (LS :EREIERSEN] 1K Barrels/Day CUOET 1K Barrels/Day RESEEREIEINE 18 Barrels
Comments | Source: U.S
Energy
Information

Administration

Fix)=

1 2013

2 2012 -7 9 17736.37
3 2011

4 2010

5 2009

6 2008 - 06, -10934.0379

i 2007 -122109752

2006 12371.0947 17333314

-12477.219 20 5 1712487

2005

<1 » P\ ou Anatural Gas fCoal

Total Primary Eneg.

6. Then go to menu Plot > 2D: Multi-Panel: Stack... and accept default settings in the dialog, to

create a stacked plot.

Save your project file.

1.4 Merge and Arrange Graphs

In this lesson we will create some graphs, merge them, and then arrange layers in the merged graph.
We will also save the graph as a cloneable template to quickly re-create the graph from similar data.

1.4.1 Import data and create graphs

1. Open the project file we saved in lesson three:Data Selection. In Project Explorer, create a new

folder under the root folder and rename it as Merging Graphs. Click on the empty folder to open
it.

2. Click the New Workbook B putton on the Standard toolbar.

1t
3. With the blank workbook active, click the Import Single ASCII button ®on the Standard

toolbar. In the file dialog, navigate to the folder <Origin EXE Path>\Samples\Statistics and select

automobile.dat. Click Open to import the file.

You can uncheck the Show Options Dialog check box in the file dialog to prevent the
ASCII options dialog from popping up. The default settings will be used next time you
import a file into a new book.

12
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Click on the header of column C to select the entire column. Click the Scatter button * lon the
2D Graphs toolbar to create a scatter graph.

Click on the scatter plot to select it, then right-click on the plot and select Change X:
[automobile]automobile!G(Y):EnginDisplacement from the context menu to change the X
data. A reminder message pops up asking if you would like to rescale the graph. Select Yes and

press OK.

Reminder messages have multiple options. If you select Yes, and do the same in the
future, no need to ask again, the dialog will not show again. You can reactivate all
reminder messages from the menu Help: Reactivate Reminder Messages.

=)
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; - ' .E r - s
- 1 Change ¥ » [sutomobilelautomobile!B(Y) : Make - . -
« | ? H - »
L) auto elautomobile P € L 1 ‘
‘ Hide Data Plot " s 1 '; .
Pl e [automobilelautomobile!D(Y) : 0~60 mph i . '
o Go to automobile ,
[sutomobile]automobile!EY) : Weight -
=
, [automobilejautomobilelF(Y) : Gas Mileage e e i
Ergire Dagies mert ()
Plot Details.. [uutomobll::m{:‘gmobxlelsm : Engine Displacement

3
Select the legend and press the Delete key to delete it.
We will now make copies of this graph and change the data in the copies. First go back to the
worksheet, and press the X button on the top right of the title bar, and in the dialog that pops up,

select Hide. This simply hides the window from the interface.

Hidden windows are displayed with a dimmed icon in the lower panel of Project
Explorer. You can double-click on the entry to re-open the window.

Right-click on the graph window title bar and select Duplicate to create a copy. Do this two more
times, so you end up with four graph windows.
Select the menu Window: Tile Vertically to arrange the 4 graphs without overlap.
Use the Change X/Change Y menu described before, to change X/Y designations for the copy
graphs as below, and rescale when promoted:

o Copy 1: Change Y to [automobile]automobile!D(Y):0"60 mph

o Copy 2: Change X to [automobile]automobile!E(Y):Weight

o Copy 3: Change X to [automobile]automobile!F(Y):Gas Mileage
Activate the graph of Power vs. Weight. Let's do some customization. Double-click on the data

plot to open the Plot Details dialog. Change the plot properties as follows:

13
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o Change Symbol Shape to circle and Symbol Color to olive.

o SetTransparency to 55%.

Press OK to close the dialog.

13. Double-click on the Y axis to open the Axis dialog. Change the axis properties as follows:
o Activate the Tick Labels tab. Press the Ctrl key on the keyboard and click Bottom and
Left in the left table to select both axes.
o Inthe Display sub-tab, select Engineering:1k for Display.
o Check the Set Decimal Places check box and set Decimal Number to 0. Press OK to

close the dialog.

Scale  Tick Labels | Tite | Grids | Line and Ticks | Specal T

[+ Show | Lise Same Options for Bottom and Top

Display | Format | Table | Minor Tick Labels

Type Nurneric v

Display :Ennneerru 11k - |
et Decmal Places (¥
Deamal Number 0

Divide by Factor

Formula

Fuamnla: 2 * «

14. Now we can copy the customized formats from this graph to the other three graphs. Right-click on
a blank area of the graph such as outside the axes, and select Copy Format: All Style Formats
from the context menu.

15. Select Edit: Paste Format (Advanced)... from the main menu. In the Apply Formats dialog that
opens, change Apply Scope drop-down at the bottom to All Graphs in this Folder. Click the
Apply button to paste the format to the other graph, and then click Close.

1.4.2 Merge and arrange graphs

1. We will now merge these 4 graphs windows. Select Graph: Merge Graph Windows from the
main menu.
2. The Merge Graph Windows dialog opens. Accept the default settings and click OK. A new graph

window with 4 layers is generated.

14
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3. Now we will re-arrange the 4 layers in the merged graph. Select Graph: Layer Management
from the main menu. The Layer Management dialog will open.
4. Activate the Arrange tab, then expand the Spacing (in % of Page Dimensions) branch. Set as
follows:
o Horizontal Gap = 15
o Vertical Gap = 15
o Left Margin =10
o Right Margin =5
o TopMargin=5
o Bottom Margin = 15

Click the Apply button.

5. Activate the Display tab. Press the Ctrl key on the keyboard and select all 4 layers in the Layer
Selection table on the left. Then select the Scale Elements checkbox under the Option branch.

Set Scale Mode to Fixed Factor and set the Fixed Factor to 1.

? If you drag and resize a graph layer, or the layer gets resized when merging, text fonts
and other graph objects get rescaled. You can control this behavior at the layer level of
the Plot Details dialog by clicking on the Display tab and modifying the settings in the
Scale Elements group.

6. Click the Apply button. Click OK to close the dialog.

et S ek (Add | Anange | Size/Posion | Link | Axes | Display |
Drawing Order [Drm Composite -
[J Option
") Color
() Border Dimersions
@ Scale Elements
[ Scale Elements
ScaleMode | Fised Factor -
Feved Factor 1

The merged graph should now appear as below:
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Activate the automobile workbook by double-clicking on the icon in the lower panel of Project
Explorer. Select column B, then right click and select Filter: Add or Remove Filter to add a filter.
Click on the filter icon at the top-left corner of the column header. In the context menu that
appears, click Select All once to de-select all items, and then select the Honda checkbox and
click OK, to only show rows where Make is Honda. All other rows will be hidden, and all graphs

will update to reflect the change in the data.
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1.4.3 Cloneable Template and Smart Plotting

1.

16

Let us now save the final merged graph as a template. Right click on its window title bar and
select Save Template As. This will open the template_saves dialog.

Make sure Mark as Cloneable Template is selected and Match Plot Columns by is setto Long
Name. Enter MyMergeGraph for Template Name and click OK. A message is dumped to the

Message Log telling you the template is saved.

Cloneable Templates save the column positions or column names along with all other
graph properties. This allows for duplication of complex graph arrangements from other
data with same arrangement of column positions or names.
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Activate the automobile workbook. Select the filter on column B and select both Honda and Lexus
and click OK to show both makes.

With the book still active, select Plot > Templates User: MyMergeGraph from the main menu. A
new graph is created, with the same data assignments and formats as present in the previous
merged graph.

Save your project file.

1.5 Publishing Graphs

In this lesson we will learn about some of the options available for publishing graphs.

1.5.1 Pasting Graphs in Other Applications

1.

Open the project file saved from lesson four: Merge and Arrange Graphs. Click to select the last

graph window that you created.

Use the menu Edit:Copy Page, or the shortcut CTRL+J, to copy the graph page.

Launch Microsoft® WORD, then press Ctrl+V. The graph will be pasted as an embedded object
in Word.

Double-click on the graph in Word. A new instance of Origin will be launched. Note that in this
instance, only the graph and data related to the graph are available in the project.

Use menu Format: Page Properties to open the Plot Details dialog in the page level. Then in
the right panel, change the background color by choosing the Display tab and setting Color as
LT Gray. Click OK.

From the menu, choose File: Exit & Return to Documentl. This will close the instance of Origin,
and the graph image in the document will be updated.

In the Word document, de-select the graph and press Enter to move to a new line in the
document. Under the Home tab click the Paste icon, then select Paste Special from the drop-
down.

In the dialog that opens, select Picture (Enhanced Metafile) and click OK. This will paste the
Origin graph as a picture object. Double-clicking on the image will open the Format Pictures

dialog.

17
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Q When the Origin graph is placed as an embedded object in applications such as Word
or PowerPoint, all the data associated with the graph are also saved with the Word
document. This provides the flexibility of double-clicking and editing the graph in a new
instance of Origin. However, if many graphs are placed as objects in a document, the
document file size will become large if there is a lot of data associated with the graphs.

1.5.2 Sending Graphs to PowerPoint

1. With the graph window active in Origin, press the Send Graphs to PowerPoint button .

2. Accept all default settings in the opened dialog and click OK. The graph will be pasted as a new
slide in the PowerPoint file.

3. Right-click on the graph title bar (in Origin) and select Add Shortcut to Favorites. This will add a
Favorites folder to the project, visible in Project Explorer.

Progect Explorer (3] - B X
i Getting Started Tutorisls

3 Dats Selection

3 Favonkes

= Merging Graphs

My st Grapls

i Theme, Ternplates, Batch Plotting

4. In Project Explorer, select the My First Graph folder. Then select the graph window, right-click
on the title, and Add Shortcut to Favorites folder. Add shortcuts from other graph windows in
the project as desired.

5. Goto Project Explorer and activate the Favorites folder. In the bottom panel, without selecting
any item, right-click on the white area and choose View:Extra Large Icons from the context

menu. This will show the graphs as extra large icons.

Double-click on the icons in Favorites folder to open the graph for viewing or editing.
Right-click on the icon or the graph window title bar for a context menu command to go
to the original folder for that graph.

6. Right-click on the Favorites folder in the upper panel of Project Explorer and choose Send
Graphs to PowerPoint. Accept defaults in the dialog that opens. All graphs in the folder will be

18
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sent to PowerPoint. Note that you can do this operation in any folder, and not just the Favorites

folder.

The dialog for sending graphs to PowerPoint has options for selecting all graphs in the
project, specifying graphs by name, and placing the graphs on duplicate copies of a
specific slide PowerPoint file slide that you can prepare prior to the operation.

1.5.3 Slide Show in Origin

1. Right-click on the Favorites folder in the upper panel of Project Explorer and choose Slide

Show of Graphs from the context menu.
2. Accept defaults in the dialog. The slide show will start. Use arrow keys to view the next or

previous graph in the sequence.

Q In the bottom panel of Project Explorer, switch to Details view (right-click in a empty
location and choose View: Details). Right-click on the lower panel title bar and enable
Slide. Note that you can drag to reorder the columns. Use the added Slide column to
arrange the order of the graphs. Click on the slide column header once, and then you
can drag and rearrange the graph entries to set the order. This order will be followed
for operations such as slide show, pushing graphs to PowerPoint, and exporting.

1.5.4 Exporting Graphs

1. Go back to Project Explorer and select the Merging Graph folder in the upper panel.
2. Activate the graph and choose File: Export Graphs and change the following dialog box
settings.
o Select Portable Document Format (*.pdf) from the Image Type drop-down list.
o Change the Select Graph(s) drop-down to All in Active Folder.
o Expand the Image Size branch and enter 5 in the Fit Width text box.
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3. Click the OK button to close the dialog.

4. Click on the Messages Log tab on the left side of the interface. The export path will be displayed

there. By default, this will be your User Files Folder (UFF) path. Copy the path, then go to
Windows Explorer and paste the path to open the folder. You can then view the PDF files that

were exported from Origin.

Save your project file.

1.6 3D and Contour

In this lesson we will learn how to plot 3D, contour, and profile plots. Data for such plots can be
organized as XYZ columns or an array of cells in a worksheet, or in a matrix window.

1.6.1 3D Surface

20

Start with the project saved from the previous lesson and add a new folder named 3D and

Contour. Click to open the empty folder.

Click the New Workbook B button on the Standard toolbar.

Import the file <Origin EXE Path>\Samples\Matrix Conversion and Gridding\XYZ Random
Gaussian.dat.

Right-click on the header of column C and select Set as: Z from the context menu.

Keep column C highlighted. Then select the menu Plot > 3D: Surface: 3D Color Map Surface to
create a surface plot.

Double-click on the layer icon on the upper left corner of the graph page, indicated by 1, to open

the Layer Contents dialog box.



7.

8.
9.

Getting Started

In the left-hand panel, select C(Z). In the middle section, click the drop-down arrow next to the A
button. From the drop-down, select 3D Scatter/Trajectory/Vector. Click the Add Plot button

ilto add the plot to the right-hand panel.

|V Includa Shoitcuts

Sheet Short Namc Legend Flot Type

Book Nane Shest Short Fene XYZ Randoa C(Z) c 3D - Surface
XYZ Rande XYZ Randon Gauss: B(Y) €z) | |30 Scatter/Traject

B[]
v| 3D Scatter/Trajectory/Vector

30 - Surface
3D - Bars

<auto>

Click OK to close the dialog. The graph will now display the individual data points on the surface.
Hold the R key and use the mouse to freely rotate the surface plot.

1.6.2 Image Profile

Click on the New Matrix button B in the Standard toolbar to open a new matrix window.

Select the menu File: Import: Image to Matrix, then browse to <Origin EXE
Path>\Samples\Image Processing and Analysis folder and select cell.jpg file and import it into the
matrix.

With the matrix active, select the menu Plot > 2D: Profile: Image Profiles. An image profile
graph will be created, and the Image/Contour Profile dialog will open.

In the dialog, select the HLine tab then make the horizontal line thicker by expanding the Width

branch and changing Pixels to 50.

You can add multiple horizontal, vertical, or arbitrary lines using the buttons in the
dialog. The graph layers will display overlaid curves for the profiles in the appropriate
layers. Profile plots can also be made from data in a matrix or worksheet.

1.6.3 Contour and Surface Plots from Virtual Matrix

Click on the New Workbook button to create a new workbook.

=
Click on the Import Wizard button @ In the dialog that opens, choose the ... button gnext to
File box, browse to <Origin EXE Path>\Samples\Graphing folder, choose waterfall.dat file. Click
Finish to import the file.
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The Import Wizard can be used to parse an ASCII file to extract variables from header
lines. The file you chose already has a predefined filter which is applied when you click
the Finish button.

3. Move the cursor to the upper left corner of the workbook until the shape of the pointer changes as
in the following image, and click to select all columns of the worksheet.

1] Boaks * R
w | A an | o [ e-
Lomg Mama | Emission
Uinit= [ilid]
Comments
F L)
Excilabion Wavele X &00 02 [
1 i L] 15 45 13.47
] 36 04 1208 0.56 il
T Wotedtan / |- e

4. Select menu Plot > 2D: Contour: Contour - Color Fill. This will open the plotvm dialog box,
where you need to specify the data organization for your Virtual Matrix, as the data is contained

in a worksheet instead of a matrix window.

5. Change Y Values in to Column Label, and then set Column Label to Excitation
Wavelength(nm).
6. Click the OK button to apply the settings and create the contour graph.

7. Click the Enable/Disable Speed Mode button Lﬁ;’ one time from the right-hand toolbar, to turn
off the speed mode setting for the graph.

8. Go back to the workbook with waterfall data. Keep the whole worksheet highlighted and this time
select the menu Plot > 3D: Surface: 3D Color Map Surface with Projection.

©

The plotvm dialog opens. Note that the Theme box on the top of dialog is set as <sheet>. This is
because the settings used last time were saved in the worksheet. Click OK to accept the same
settings. A surface graph with contour projection will be created.

10. Double-click on the contour projection to open the Plot Details dialog. Note that on the Surface
tab, the Flat check box is checked, and an offset of 100% has been applied. This setting makes

the data plot appear as a flat contour on top of the cube. Click OK to close Plot Details.
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Data from different matrices or virtual matrices can be plotted in the same 3D graph
layer by specifying an appropriate offset value for each, and further specifying which
datasets to flatten. This allows to examine related data together in the same graph.

11. Double click on the Z axis to open the Axis dialog. Switch to the Scale tab and set the To value
to 4000 and click OK. This allows better viewing of the 3D surface. The contour project will stay
on the top plane of the cube.

1.6.4 3D Function Plot

1. Selectthe menu File: New: Function Plot: 3D Function Plot.
2. Inthe dialog box, click the triangle button |*Inext to the Theme box on the top. Then select

Mexican Hat(System) in the context menu to load the settings for this example.
3. Press OK to create the plot.

A parametric function can be added to an existing graph, thus allowing you to combine
such plots with real data. Visit 3D Function Gallery to view and download more
examples.

Save your project file.

1.7 Gadgets

In this lesson, we will use gadgets to perform exploratory analysis of data in a graph.

1.7.1 Integrate Gadget

1. Start with the project saved from the previous lesson and add a new folder named Gadgets at
the root level in Project Explorer, then go to that folder.
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11,
2. With the new workbook active, click the Import Single ASCII button ®2/on the Standard toolbar

and import the file <Origin EXE Path>\Samples\Curve Fitting\Multiple Gaussians.dat.

3. We will add long names for the datasets. Enter "Peak 1" in the Long Name label row of column
B. Click and select the long name cell. Then move the mouse to the lower-right corner of the cell
so that the cursor changes to "+". Click the left mouse button and drag from column C to E. Origin
will auto-fill the names as Peak 2, Peak 3 and Peak 4.

4. Click and drag on the column headers to highlight columns B to E. From the main menu, select
Plot > 2D: Multi-Y: Stacked Lines by Y Offsets to create a stacked lines graph.

5. With the graph active, select Gadgets: Integrate... from the main menu.

Accept the default settings and press the OK button. A region-of-interest (ROI) box will be placed
on the graph. Move and/or resize the ROI to cover a desired range of the data.

7. Click on the triangle button at the top-right corner of the ROI box and select Preferences to re-
open the dialog.

8. Inthe Output tab, expand the Output Quantities to branch and select the Append to
Worksheet check box . Click OK to close the dialog box.

9. When there are multiple plots in a layer, the gadget acts on the active data plot by default. In this
case, the active plot is Peak 1. To change the data to Peak 3 for example, click on the triangle
button at the top-right corner of the ROI box and select Change Data: Plot(3): Peak 3 from the

context menu.
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10. Click on the triangle button again and select New Output for All Curves. A workbook with
integration results for all curves will be generated. Click the triangle button and select Go to
Report Worksheet to switch to the output workbook.

11. Click the X button at the top-right corner of the ROI box in the graph to remove the gadget.
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1.7.2 FFT Gadget

1.

Start with a new workbook, and import the file <Origin EXE Path>\Samples\Signal

Processing\Chirp Signal.dat.
Highlight column B, then select Plot > 2D: Line: Line from the main menu to create a line graph.

With the graph active, select Gadgets: FFT from the main menu. Accept defaults in the dialog
that opens, and click OK. An ROI box will be placed on the graph, and another graph named
FFTPREVIEW will be created, displaying the FFT result.

In the top right corner of the FFTPREVIEW graph, uncheck Log Scale. Then reposition the
source line graph and FFTPREVIEW window side by side. Move and resize the ROI to cover a
small range of the beginning of the data curve.

Now you can use the arrow keys to move the ROI to the right, while watching the FFT result

update in the other graph.
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Save the project file.

1.8 Curve Fitting

In this lesson we will learn how to perform linear and nonlinear regression.

1.8.1 Linear Fit with Outliers

Start with the project saved from the previous lesson, and add a new folder at the root level in
Project Explorer named Curve Fitting.

Import the file <Origin EXE Path>\Samples\Curve Fitting\Outliers.dat.

Select the 2nd column and create a scatter plot.

Select the menu item Analysis: Fitting: Linear Fit. In the dialog that opens, accept default

settings and click OK to perform the linear fit.
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In the graph, right-click on the fitting results table and select Quantities in Table. Remove all
entries except Intercept, Slope and Pearson's r (use CTRL + select for multiple selections).
Click OK and resize the results table as needed.

+
Now click the Mask Points on Active Plot button -2 on the left side toolbar and mask the point
at the right bottom, which is distinctly

separated from the rest of data points.

The lock on the top left of the graph page turns yellow indicating that the data has changed,
but the fit results are in need of an update.
Hit the ESC key to switch the cursor back to pointer mode. Then click on the yellow lock, and

from the fly-out menu select Recalculate Mode: Auto. The fit results will be updated.
§§ You can update all pending operations in a project by clicking on the Recalculate
button .5‘% located in the Standard toolbar.

Go back to the graph and use the masking tool to mask the outlier point towards the top. You will

notice that the results automatically update. Your graph should now look similar to this image:

IE . ]

Linear Fit of Duter B

*

1.8.2 Nonlinear Curve Fit

26

Start with a new workbook, and import the file <Origin EXE Path>\Samples\Curve
Fitting\Gaussian.dat.

Highlight the column named Amplitude and make a scatter plot.

Go back to workbook, highlight column named Error, then right click and select Set As: Y Error

from the context menu.
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4. Place the mouse cursor close to the right edge of the highlighted column. The cursor will change

to LE At this point, drag and drop the column onto the graph. The data will be added as error
bars on the scatter plot.

5. Now let's fit this data. Select the menu Analysis: Fitting: Nonlinear Curve Fit to open then
NLFit dialog.

6. In Function Selection page, set Category drop down to Peak Functions, and set the Function
drop down to Gauss.

7. Click Fit button to perform fitting and choose No in the prompt dialog, to keep the graph window
active.

8. Now we want to fix y0 as 0 and update the results. Click on the green lock on the top left of the
graph page, and select Change Parameters.

9. The dialog re-opens with the settings that were used last time the operation was performed. Go to

the Parameters tab, check the Fixed box for yO and enter Value as 0.

Seftings | Code || Parameters [Bn:-unds
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MO, Param | Meaning | Fixed Walle
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10. Click the Fit button to update the file and close the dialog. From the updated table on the graph,
we can see that ¥ = 0 £ 0,

1.8.3 Global Fit with Parameter Sharing

1. Start a new workbook and import the file <Origin EXE Path>\Samples\Curve Fitting\Exponential
Decay.dat.
Drag and select the three Y columns and create a line plot.

3. We want to fit all three data plots simultaneously over the x range of 0.4 sto 1.0 s. In the Tools

toolbar docked to the left side of the interface, click the down arrow button on the right of

)
Selection on Active Plot button *= . From the fly-out, choose Selection on All Plots. Go to
the graph and drag and draw a rectangle to roughly cover the x range of 0.4 to 1.0, including all

the three curves in the process.
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Press CTRL+Y to quickly launch the NLFit dialog. Then set Category as Exponential and
Function as ExpDecl.

Click on Data Selection under the Settings tab, expand the Input Data node and you will find all
three curves are added. You can expand the Range# node to further adjust data ranges either by

row index or by x value.

Q If no range selection has been made on the multiple plots, Origin will only pick up the
active data plot from the graph layer containing multiple plots. In that case you can click

the lLIbutton on the right side of Input Data and select Add all plots in active page.

Change Multi-Data Fit Mode to Global Fit with Same Function, switch to the Parameters tab

and click the Fit until converged button & to fit all three curves simultaneously, keeping the
dialog open.

You can share parameters during a global fit. Check the Share box for the time constant t1. You
will notice that the time parameter for the other curves has been removed from the parameters
list.

PROBLEM OCCURS HERECIick the Fit button and select Yes in the prompt that appears, to
switch to report sheet. If the prompt does not come up, you can click on the green lock in the
graph and select Go to Results.

Scroll down to the Summary table in the report. You will find that all time constants t1 share the

same values.

- Summary =]
y0 Al 1 k tau
Yalue Standard Error Yalue Standard Error . Value | Standard Error Value
Decay1 097.76426 1.04512 75.32799 11.78854 | 0.28532 0.03567 3.5049 019777
Decay2 5044112 138417 107.38208 1622812 0.28532 0.03567 3.5049 019777
Decay3d | 1446759 073292 43.06541 T7.60772  0.28532 0.03567  3.5049 019777

Now click on the down arrow button beside the Summary node and choose Create Copy as

New Sheet. A new worksheet with the fit results will be added to the book.
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11. Select column D, E and create a column plot to display how the amplitude parameter (A1)

changed across the three datasets.

Decay 1 Decay 2 Decay 3

1.9 Peak Analysis

In this lesson we will perform fitting, including deconvolution of overlapping peaks and baseline
correction.

1.9.1 Multiple Peak Fit with Deconvolution

1. Let's continue with the project file we saved in the previous lesson. Create a new folder in Project
Explorer, rename it as Peak Analysis, then go to the empty folder.

2. In a new workbook, import the file <Origin EXE Path>\Samples\Spectroscopy\HiddenPeaks.dat.
Highlight column B and create a line plot.
With the graph window active, click Analysis: Peaks and Baseline: Multiple Peak Fit. This will
open the Multiple Peak Fit dialog. Set the Peak Function drop-down as Gauss and click OK.

5. A Get Points dialog will open within the graph window. Note that you can re-position this dialog
within the window. Double-click on a peak center to select it. Select a total of 7 peaks as in the

following image, including two hidden peaks:
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Q If you click the Open NLFit button in the Get Points dialog, the NLFit dialog will open
with the peak centers initialized with your selection. You can further control the fitting
process as desired.

6. After selecting all seven peaks, click the Fit button. A fit report will be added to the workbook.

1.9.2 Fit Peaks with Baseline

1. This part of the lesson assumes you have OriginPro. Start with a new workbook and import the
file <Origin EXE Path>\Samples\Spectroscopy\Peaks_on_Exponential_Baseline.dat.

2. Highlight column B and then click Analysis: Peaks and Baseline: Peak Analyzer. This will open
the Peak Analyzer dialog, and a preview window displaying the selected data.

3. Inthe bottom panel, select the Fit Peaks (Pro) choice under Goal. The top panel will update,

displaying a map of the steps involved in the peak fitting process.

4. Click Next. On the Baseline Mode page, select User Defined for Baseline Mode. Click
Next to go to the Create Baseline page. You can then see in the preview window that 8
anchor points connected by a red line, are added to the spectrum. This is the baseline

created using the current settings.
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Now click the Prev button to go back to the Baseline Mode page to adjust the baseline mode

settings.

Click the Find button below Number of Points to Find, to find the baseline anchor points in the
spectrum. Eight (8) anchor points are added.

Clear the Enable Auto Find checkbox and then click the Add button to add one or more anchor
points on the spectrum. Double-click on the tail of the spectrum like the following image to add 1

anchor point.

Current Mumber af Poirts g
Enabile Auto Find alf |
Mumber of Points to Find 8

| Find —
ndq}| Modify/Del | | Clearal |
S - "
| Save. || Load. || AnchoPoints Info.

Get Points
Cione F‘ﬁm have added 1 painits. Click DOME or press Chl+Ernter to finish 1

-2.0x10° 4 e

[
&2
(=]

0 100 200 400
Note that you can also select and delete anchor points. Click Done to return to the Peak
Analyzer.

Select the Snap to Spectrum checkbox to force anchor points to snap to the closest data point in
the spectrum. Click Next.

On the Create Baseline page, select Fitting for Connect by. Select ExpDec?2 for Function
under the Fitting branch. Click Next twice to go to the Find Peaks page.

Click the Find button. Two (2) peaks are found in the preview.

There are several options available for peak finding including a 2nd derivative method
to find overlapping peaks. You can also view the 2nd derivative curve, and turn on
smoothing to help find peaks in noisy data.

Click Next to go to the Fit Peaks page. Accept defaults and click Finish to perform peak fitting. A

graph containing fitting results is generated.
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You can click the Fit Control button to control the fitting process including fixing and
sharing parameters, and specifying bounds and constraints.

12. Now, let's customize the Fitting Results table to hide some peak properties we don't want to
display. Right-click on the table and select Peak Report Field... from the context menu. The
Peak Report Field dialog will open, listing all properties that can be included in the table. You
can remove or change the order properties in this dialog. Select Peak Gravity Center and click
the Remove button to hide it. Do the same for Peak Area by Integrating Data(%). Press OK to
update the table in the graph.

Channel . ¥
. #  Peak Report Field @
Fiting Results
Peak Index | Peak Type Acea Intg FWAM | MaxHeight | Ce .
o7 Gaussan 2551755 12 91981 185546 Cick Bito select peak report fields
2 i 85 v \
= Gausss Peak Report Field... E\? 3 - v AL - »
: ([Peak Inc
Go to Window |

||Peak Ful Remove *
||Peak Area vy rivegrating Data

% Cut Ctri=X [[Ful Width @ Half Maximom
{[Peak Maximum Height
<3 Copy Ctri«C {
g Py ;M Gravi! ‘m
Delete Delete (|Peak Area by Integrating Data(%:)
Remove Link :

Save your project file.
1.10 Statistics

Origin provides many tools for statistical analysis. Advanced statistical tools are available in
OriginPro. In this lesson, we will work with tools available in standard Origin.

1.10.1 Descriptive Statistics

1. Start with the project saved from the previous lesson, create a new folder in Project Explorer and
rename it as Statistics. Open the empty folder.

2. Create a new workbook and import the file <Origin EXE Path>\Samples\Statisitcs\body.dat.
Drag and select the first 5 rows of column D(Height). Basic statistics (average, sum, count) for

your selected data will be displayed in the status bar at the bottom right side of the interface.

You can right-click on the statistics listed in the status bar to customize what quantities
to display there.
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5. From the menu, select Statistics: Descriptive Statistics: Statistics on Columns. In the dialog,

. . . = .
select the Input tab, then expand Range 1. Click on the interactive button to the right of Data
Range. Return to the worksheet, then drag and select columns D and E. Click the interactive

button again to restore the dialog.

6. Inthe Group control, click the triangle button and select B(Y): age. Click the button again and

select C(Y): gender. In the list, select ..."gender" in the Group box, then use the Move Up
button 4 to move it to the top.
7. Click OK to generate the report.

) body - sogyam =l
W' S Sradstos oo Colmes (DMR016 13.3529)

“ Nodes |

v g sty

Descriptrw Stanstes «|
Nisal

EFTERLE

8. Click the downward-pointing triangle button | on the right of the Descriptive Statistics node in
the report sheet and select Digits... from the context menu.

9. Inthe opened dialog, change Digits to Set Decimal Places= and set Decimal Number as 1.
Click OK to update the display format in all tables of the report.

The numeric display in all report sheets can be globally set using the Digits in Report
control on the Numeric Format tab of the Options dialog accessible from the Tools:
Options main menu.
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1.10.2 Normality Test

1. Create a new workbook by clicking the New Workbook button i

2. Double-click in the F(x) label row of column A. This will put you into edit mode for that cell. Type

the formula:

nint (100+20*normal (100))

The column will be filled with random integer numbers centered around 100.

Highlight column A and click Statistics: Descriptive Statistics: Normality Test to open the
dialog. The selected column is set as Input Data automatically. Accept default settings and click
OK. This will generate the report sheet for Normality Test. The footnote under the Shapiro-Wilk
table indicates that this data is normally distributed, as expected.

= Nommalty Test (2/1/2016 13.58 26)

v Notes h
¢ Input Data e |

-

+ Descripbve Stabistics =)
= Normalty Test =]

— Shapiro- Wik <1 : ,

OF  Stalsfic  pvalue  Decizaon al levali5%)

“1 A 100 083315 059625 Cantreject normaity l

AL ALhe 005 level the Sata was sigeifcantly drwan bem & sormally datrisued populater

1.10.3 Frequency Counts

Activate Sheetl of the workbook from the previous section. Keep column A highlighted, then click
Statistics: Descriptive Statistics: Frequency Counts.

Accept all default settings in the dialog and press OK.

In the result sheet, highlight the column C(Y) . On the 2D Graphs toolbar, click the triangle button

EX]
next to the Column button il , then choose Column + Label il 15 create a column graph with

labels. This will create a histogram plot with counts as labels.

Ein Center
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Q The Plot: Statistics menu provides multiple histogram plot options when a worksheet
is active. This Frequency Counts tool provides an alternate way to first perform
counting, and then plot a histogram from the results. This allows for more flexibility and
customization such as adding labels to the columns.

1.104 One Way ANOVA

1ty
1. Create a new workbook and then click on the Import Single ASCII button 22/, Browse to <Origin

EXE Path>\Samples\Statistics folder. Change the drop-down list next to the File Name to Text

File (*.txt).

(Tet File (*.0) -
" dat

All Files (*.%)

Select the file nitrogen.txt
3. Select the menu Statistics: ANOVA: One Way ANOVA to open the One Way ANOVA dialog. In
the Input tab, set Input Data to Indexed. Press the triangle button to the right of Factor and

select A(X): plant. Press the triangle button to the right of Data and select B(Y): nitrogen.

The ANOVA dialog box provides two options for input mode: Indexed or Raw. You can
refer to the FAQ-333: What is indexed versus raw data and how to | transform from one
to another? to learn more about how data can be arranged for either mode.

4. Inthe Means Comparison tab of the dialog, select the Tukey check box. Then switch to the
Plots tab and select Means Comparison Plot. Click OK to close the dialog and generate the
report.

5. Go to the report sheet ANOVA1Way1l. From the result, we can draw following conclusions:

o The ANOVA table (Overall ANOVA) reports a p-value that is smaller than 0.05, hence at

least two of the four groups have significantly different means.

- Qverall ANOVA M|
DF Sumof Squares Mean Square F Value Prob>F
Model 3 1986.35652 66545551 1286214 6.99338E-7

Emor 76 393205317 51.73754
Total 79 5928 41980

Nuff Hypomes:s: The means of 3l levels e equ
Aleratice

potenin The mmars of one or moos wvels e S8t

At the 0.05 level the population means are sipnficantly different

o Double-click on the Means Comparison Plot to open it. The red plots indicate
significantly different mean values. PLANT4 has the smallest mean and is significantly

different from the other three groups.
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Save your project file.

1.11 Analysis Template

In this lesson we will learn how create an Analysis Template and re-use it for new data.

1.

36

Continue with the project file saved from the previous lesson. Create a new folder in Project
Explorer and rename it as Analysis Template. Open the empty folder.

Create a new workbook and import the file <Origin EXE Path>\Samples\Curve
Fitting\Sensor01.dat.

Highlight column B and select Plot > Templates: User Templates: My Line to create a line
graph from the graph template My _Line.otp that we saved in lesson 1.

With the graph window active, select Analysis: Fitting: Linear Fit from menu. This will bring up
the Linear Fit dialog.

In the Fit Control tab, select the Fix Intercept check box to force the fitted curve go through
(0,0). Select Auto for Recalculate. Click OK to perform the linear fit. The fitted curve and a result
table will be added to the graph.

Right-click on the result table and select Quantities in Table from the context menu. In the
dialog, remove all entries other than Slope and Adj. R-Square, then click OK to update the table.
Double-click on the X axis to open the Axis dialog. With the Scale tab active, hold down the Ctrl

key and select both Horizontal and Vertical in the list box on the left. Change Rescale to Auto


http://www.originlab.com/doc/Tutorials/GSB-first-graph
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and click OK. This is to make sure the axis range will update when data changes.

Xais-lyerl e

| Scale Ticklabels ' Tife Grids |LneandTicks Specal Tidks |

8. Select the legend on the graph and delete it.
9. Go back to the source workbook. Right-click on any one of the sheet tabs and select Add Graph

as Sheet from the context menu.

[ | B0V @ -
Long Mame | independent vaniable | Linear Fil of Sensonld B-Sens0r Cutpat |||
Units
Comments
Pararmeters Fimed Curees Plot
1 1 146454
2 100951 1.47647
a 1.01002 1.4004
3 102853 150633
103804 : 152008 | =
alw 3
Sensardl J_Filneart ) Atlinear ™~ = m
Dielete
Add

g Graph as Sheet.., {}

10. In the Graph Browser dialog that opens, select Active Folder from the location drop-down list.
Only the line graph in the current folder will be displayed. Select the graph and click OK to insert

it as an embedded graph inside a new worksheet.
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11. Now we have source data and all analysis results in one book. Let's save it as an Analysis
Template. Select File: Save Workbook as Analysis Template... from menu. Save the workbook

as My Sensor Analysis.ogw.

Any work book which has an operation linking input and output, indicated by a lock on
output sheets or columns, can be saved as an analysis template. The simplest
example would be a sheet where column value calculations have been performed.

12. Now use the File: Recent Books menu command to open My Sensor Analysis.ogw. The
analysis template will open. Note that the date sheet, results and graphs are empty.

13. With the first data worksheet active, import another data file <Origin EXE Path>\Samples\Curve
Fitting\Sensor02.dat.

14. The linear regression results and the embedded graph will update automatically, because we had

set the Recalculate mode in the linear fit tool to Auto.

Analysis templates can be used manually to process one file at a time, or can be used to
perform batch analysis of multiple data files or datasets. Please view the Batch Processing
tutorial to learn more.

Save your project file.

1.12 Apps in Origin

In this lesson we will install and use an App from the File Exchange area of OriginLab's website.
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1. Start with the project saved from last lesson, and add a new folder named 3D Ellipsoid at the
root level of Project Explorer.
2. Select Tools: Apps on File Exchange from the main menu. A selection of Apps available from

the File Exchange website will be listed. Select 3D Confidential Ellipsoid to open the web page

for this App.
NOTE: If you do not see this App listed in the menu, simply choose the last menu item to open
the main page of the File Exchange area, and then scroll down or search for this App.

3. Click the download button on the App page. Open the folder containing the downloaded file, then
drag-and-drop the file onto the Origin workspace. An icon named 3D Confidential Ellipsoid will
show in the Apps Gallery window docked to the right end of the workspace.

Now import the file <Origin EXE Path>\Statistics\Fisher's Iris Data.dat into a new workbook.
Select Plot > Templates: System Template Library from the main menu. In the System
Templates dialog, expand the Graph Template -> 3D Symbols & Bars & Vectors node, then
select gl3d. Click the Plot Setup... button at the bottom left corner of the dialog.

6. Inthe Plot Setup dialog that opens, set column C, D, and A as the X, Y, and Z columns,

b
respectively. Click the Show Plot List button jto expand the dialog (if it is not already
expanded) , click the Add button, then click OK to create a 3D scatter plot.

# | Plot Setup: Select Data to Creste New Plot =
Plat Type Show(3]| [Fisher'shisD] Fisher's Iiis Diata™ (=] [&]
(30 Seatter/Trajectory/ X i L Colunm Long Hane Connentz |Sampling Imterwal Fozition
b i Fl F1 F] <auteX>  Fron/Step 0
A I .}._EL Sepal Length 1
3D Ecatter Bubble B Sepal Width oy
3D Ecatter Color Mappet 7 C Petal Length 3
3D Zcatter Buobble t+ Col 7 o Petal Width q
30 Errer Bar E Spacias 5
|
Plot Lest: Dirag enines in 13t column bo recrder of bo move bebwesen lavers, Right click for othes options. eplace Add T|
Flot Eange |Shew |Flot Type Legend
B Layer 1 i Ea
=l | Growp
A Style Heldsr 3D Seatter/Trajectory/Vactor
Previews | O Cancel Apply

7. Double-click on the scatter to open the Plot Details dialog. On the Symbol tab, click on the
Color drop-down list, and then select the By Points tab. Then click on Indexing, and from the
drop-down, select Col(E) "Species". Click OK to close the dialog.

8. Click the 3D Confidential Ellipsoid button in the Apps Gallery. This will open the Plot 3D
Confidence Ellipsoid dialog. Accept the default settings and click OK. Three ellipsoid are added
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to the graph, each envelops the group of data with the same color. You can hold the R key and
then use the mouse to rotate the plot.
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Save your project file.

We hope this set of Getting Started tutorials has been helpful in providing you with a broad overview

and introduction to key features in Origin. We recommend that you continue with more advanced
tutorials in the categories that are most relevant to your work.
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2 Video Tutorials

To get started quickly with Origin, you could watch the videos in the following table:

Title

Description

Introduction to
Origin

Learn how to quickly start using Origin from importing data,
customizing column label rows, creating a multi-panel graph,
selecting part of the data, performing integration, finding and
fitting peaks, and using Recalculate to perform fitting with altered
parameters.

Importing Data

Learn how to import ASCII file, customize your Import ASCII
dialog settings and save them for future reuse, and use the
Import Wizard to import data file and customize the import
settings.

Creating a Graph

Learn how to create a graph using the graph toolbars or the Plot
Details dialog, add data to an existing graph, and plot groups of
plots by label.

Customizing a
Graph

Learn how to add a layer title, resize a layer, change the axes
properties, save a graph as a template and reuse it, customize a
graph by using theme, change the plotting order, customize a
single data point or a grouped data plot.

Interpolation

Learn how to change line connection to interpolate data and use
Interpolate Gadget to perform data interpolation. Also, interpolate
new Y data from given X data based on specified XY range.

Linear Fitting*

Learn how to perform a linear fit with outlier removal.

Nonlinear Curve

Learn how to fit with a built-in fitting function and change the
NLFit settings using Change Parameters. Also, learn how to

Analysis Template

Fit Tool define and fit with a user-defined function.
Creating an Learn how to set up a workbook for repetitive analysis using a

linear regression example.

Batch Processing

Learn how to create an analysis template, and use this template
to batch process multiple data files.

Introduction to
OriginPro

Learn about all of the extended analysis tools in the areas of
peak fitting, surface fitting, statistics, signal processing and
image processing offered in OriginPro.

video tutorials.

Note: Please visit the video tutorial page on our website for a complete and most up-to-date list of
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3 User Interface

e Tutorial:Origin_GUI

3.1 Origin GUI

3.1.1 Summary

This tutorial will introduce you to the Origin workspace. You will learn about the different kinds of
Origin windows that make up a Project, how to manipulate these windows with Project Explorer, how
to manipulate layers and plots with Object Manager and how to manage Apps with Apps Gallery.

Minimum Origin Version Required: Origin 2016 SRO

3.1.2 What you will learn

This tutorial will show you how to:

¢ Manipulate Workbooks

e Create Graph Windows

¢ Manage workspace with Project Explorer

¢ Manipulate Layers and Plots with Object Manager

e Manage Apps with Apps Gallery

3.1.3 Origin Application: Title Bar and Status Bar

The Origin Title Bar displays the Origin(Pro) version, any open project name and the current folder
within that project (if any) along with the standard Window controls for moving, sizing and closing the
window.

The Status Bar appears at the bottom of Origin's Window and displays messages, the state of Auto
Update, overview of the statistics on selected worksheet cells, Child Window Theme (if any), Last
active Workbook, Current Window and Angular Units indicator.
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You can select what shows in the Status Bar by right-clicking on the Bar and selecting (or clearing)
items from the context menu. You can copy the displayed basic statistics by selecting Copy Statistics
from the context menu. The copied data are TAB separated between quantity and values, with each
key value pair separated by a CRLF delimiter.

3.1.4 Windows

3.1.4.1 Dynamic menus according to the active child window

The Origin menu dynamically changes according to the active Child Window. Some menus (Help,
File, Edit, etc.) appear on all Child Window menus, although their content may change.

1. Click on the New Project button D on the Standard Toolbar.

2. The workbook window is the active window. Note that there are 13 menu items.

3. Click on the New Graph button on the Standard Toolbar. A new window called Graph1 is

created. Note that there are 11 menu items displayed.
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Thus, we say that the menus are "context sensitive." They will change depending on which type of
Child Window is active.

Note: New Child Windows may be added by selecting the File: New menu option or clicking the
appropriate button on the Standard Toolbar. All Child Windows have standard controls for moving
and sizing and windows can be placed anywhere within the Origin workspace. The Window menu
has options (cascade, tile) for arranging child windows within the workspace. In the central Origin
Workspace is where you will find all Origin Child Windows which can include:

Workbooks - The Origin workbook is the primary structure for organizing your data. Each workbook
is composed of one or more, up to 255 worksheets.

Graphs - With Origin, you can create over 60 graph types, each from a built-in graph template. Graph
windows can be embedded in a worksheet cell.

Matrices - The Origin matrix holds data and images and is required for many 3D graph types.

Notes - Notes windows are a text-only Origin child window useful for recording analysis procedures,
making notes to students and colleagues, etc. You can embed notes windows in a worksheet cell.

Layouts and Excel (If you have Excel installed)

3.1.4.2 Workbook

The Origin workbook is the primary structure for organizing your data. Each workbook is composed of
one or more Origin worksheets. Each worksheet, in turn, is composed (usually) of one or more
worksheet columns or datasets. Columns in Origin have different column types, such as X, Y, Z,
yError, etc, These plotting designations determine how the data are treated when creating a graph.

£ Book = [E=R S5)
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LInits = . p -
Comments Column Type [ Workbook Window ]
Fix)=
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To get familiar with manipulating Origin workbooks, try the following:

1. Select File: New from the menu and choose Worksheet to create a new worksheet.
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2. Select File: Import: Single ASCII to bring up the Open dialog. Browse to the \Samples\Curve
Fitting subfolder of the Origin program folder. Highlight the file Gaussian.dat and click the Open
button to import the data into the Origin worksheet.

3. Onimport, sparklines were automatically turned on, allowing you to quickly view the shape of the
data; the sheet name became the name of the file; and as needed an additional column was
added to the worksheet. You can see from the Long Name that the 3rd column represents data
error. To set this column as an Error Column, click the column title to highlight the column, right-
click to bring up a fly-out menu, and then select Set As: Y Error.

4. Plotting data in Origin is now easy; highlight column B and C (Y and Y error), then select Plot:
Symbol: Scatter from the menu to create a scatter plot with error bar.
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3.1.4.3 Graph

The Graph window is a container for graphical depictions of your experimental data and your analysis
results. Graph windows may contain a single plot in a single graph layer or they may contain multiple
plots in multiple graph layers.

The graph layer is the fundamental unit of the Origin graph. The layer is comprised of a set of axis
scale values, one or more data plots, and any included text labels, drawing objects, graph
legends/color scales, button objects, etc. Graph layers can be created, sized, and moved
independently of one another, allowing you a great deal of latitude in charting your data.

To learn how to organize layers in a graph window, try the following:
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1. Create a new workbook, and import the file Linear Fit.dat from the \Sample\Curve Fitting folder.
You can see that there are three Y columns and one X column after import; each Y column will
use the left-most X column as its X coordinates.

2. Highlight columns B and C, and select Plot: Multi-Panel: Vertical 2 Panel to plot the curves.
This is a two layer graph. While a graph can have multiple layers, only one layer is active at any
given time. You can perform operations on the active layer, such as resizing, changing the plot
color, etc. When working on a layer, the active layer is denoted by a depressed layer n icon in
upper left corner of the graph window.
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3. To rearrange these two layers, with the graph window active, select the menu item Graph: Layer
Management to bring up the dialog. Activate the Arrange tab, on the middle panel. Enter 2 in the
Column edit box. Enter 1 in the Row edit box and click the Apply button. After you click the OK

button, the graph layers are arranged horizontally.
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Most often you will use the worksheet for tabulating and manipulating your data, while you will use

the graph window for plotting your data.

3.1.4.4 Matrix

The Origin matrix window is a container for one or more Origin matrices. Each matrix window
contains one or more matrix sheets, and each matrix sheet can contain one or more matrix objects.
The matrix object itself, is a vector of Z values. These Z values are related to one another in the X
and Y dimensions by their relative row and column positions in the matrix. Matrices are a precursor to
constructing Origin's 3D graph types such as contour graphs and color-mapped surfaces, and since
they are used in depiction and manipulation of 3D data, they are used by Origin in image processing
and analysis. We will show you how to use the Origin Matrix to create a 3D plot in a later tutorial.

3.1.5 Toolbars

The Customize Toolbar dialog box handles displaying or hiding toolbars and toolbar buttons.

Select View: Toolbars from the Origin menu. The Customize Toolbar dialog opens.

Check the box next to Column. This toolbar now appears in the workspace.

1
2
3. Make the Button Groups tab active.
4

Scroll to select AutoUpdate in the Groups list.
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5. Click and drag the one button which appears in this group and drop the button next to the green
version of this button without the red line, on the Standard Toolbar. You can drag buttons back
and forth.

6. Click Close.

All these toolbars may be dragged away from their docked positions to become floating windows.
Floating windows have additional controls besides the X to hide a window. A push-pin control can

allow or prevent docking and a minimize button can roll-up a window to save space and restore the
window when it is needed.

3.1.5.1 Toolbar Reference

Below are the most commonly used toolbars.
Standard Toolbar
DRl Rr R cEEHE E28% & we - GERIHEH BET & AEHg +8

Worksheet Data Toolbar

z8 Z, &l il Wk o 7

41

Graph Toolbar

B s LT OrE —HEE s

Format Toolbar
"B Default: Arial - 22 - B F U x* x, xi ap A, & =l & W=

Style Toolbar
RN R A

- 0.5 ~ 1 - -| 2= ==

—_—a

-

Tools Toolbar (vertical on the left side of the Origin workspace)

[ |8 S0 4 F, % 5B, Y% o+ T A, 7, M, M [2], &, 2 ﬁ]:

2D Graphs Toolbar

YO | WD GO D

3D and Contour Graphs Toolbar

M., LB EL s

Mask Toolbar

[ 5 6 e s a]

3.1.6 Project Explorer

Project Explorer is a tool to help you organize your Origin data. It is particularly useful if you are
working with a project that contains numerous child windows. Use Project Explorer to develop a
folder structure to organize the child windows in your project.
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3.1.6.1 Open/Close Project Explorer

When you first start Origin, Project Explorer displays docked to the edge of the workspace. You can
dock it to any other edge or float it in the workspace. Because Project Explorer uses some of your
workspace, you may want to close Project Explorer, even if you have already created a folder
structure. To close/open Project Explorer, click the Auto Hide button to pin the Project Explorer,
then press Alt + 1 or select menu item View: Project Explorer.

3.1.6.2 Change the Display Properties of Project Explorer

The project explorer can be auto-hidden, hidden, floating or docking. In another aspect, it has vertical
and horizontal alignment.

1. Select Customizing Graphs.opj in <Origin EXE Folder>\Samples\Graphing folder.
2. By default the Project Explorer is auto hidden, move mouse over to the Project Explorer bar in

the left of work space to expand it.

3. Click the Auto Hide button to pin the Project Explorer, so it will be always displayed.

Project Explorer (4 s %}{
[ Customizing Graphs
{5 Edit Single Data Point Auto Hide |

----- [ Grouped Data
[ Plotting Order
... Resize Graph and Customize Symbaol

4. Select the Window Position drop-down and select Floating to make the Project Explorer

float over the work space, and you can freely move its position:

Project Explorer [4) v/n x |
[ Customizing Graphs Floating
..... |= Edit Single Data Point Docking
L[ Grouped Data _
. Auto Hide
i Plotting Order
Hide

.3 Resize Graph and Customize Symbol
Toolbar Style Docking

Vertical Alignment

Harizantal Alignment

5. Right click on the title bar of the floating Project Explorer and select Horizontal Alignment:
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Project Explorer (4)

Floating
,_:_] Customizing Graphs Docking
i Edit Single Data Point
LJ Grouped Data Auto Filde
LJ Plotting Order Lz
]__] Resize Graph and Customize 5 Toolbar Style Docking

Vertical Alignment

Horizantal Alignment k

Mame Long Mame Short Mame  Tyg
£ southernCaliB Southern.. W
Bl GraphiB GraphlB Gr:

Note: Other dockable windows (Object Manager, Apps, Quick Help, Message Log, Smart Hint Log,
etc.) have the similar controls to change the display properties.

3.1.6.3 Browse Origin windows in Project Explorer

There are two panels in Project Explorer: the folders panel and the contents panel, which displays all
objects in the active folder. When you start a new Origin session, you can click the new workbook

e , hew graph or new matrix = putton to create some blank windows, and then you can see
these window's icons in the contents panel. Double-click the icon to hide/view the window.
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3.1.6.4 Add a Sub Folder in Project Explorer

To create a new folder, right-click on the project folder (or a subfolder) in the folder panel, and select
New Folder from the shortcut menu.
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Project Explorer (&) * O X
[ 20 and Contour Graphs

[ 20 Parametric Fuction Plot
.1-1__] Area

. .[21 Area Plot With Gradient Fill
[ Fill Area between Functions

¢ e[ Fill Area with Multiple Curves
> 41 Column, Bar

b 11 Contour

» [ Line and Symbol

i Multi Axis and My™"

Find... F3

Append Project...
Sawve As Project...

S Size Show All Windows

 Zoom Graph... Hide All Windows

[ Waterfall

[ Stack Lines ... Drelete Falder Delete
[ Multiple Lay... Rename F2
L Multiple Lay... Restricted in Viewer

[ Multiple Axes

[ Energy Levels T ¢
[ Dot Chart Mew Folder I}
VY Wiew Windows 3

Send Graphs to PowerPoint...
Slide Show of Graphs...

Properties... Alt+Enter

Once you have created one or more subfolders, you can move child windows between folders by
dragging & dropping them within the Project Explorer workspace.

3.1.7 Object Manager

Object Manager provides a hierarchy structure to help you view and manipulate layers and plots in
the active graph window. It is particularly useful if the graph contains multi-layers and each layer
contains multi-plots.

3.1.7.1 Open/Close Object Manager

When you first start Origin, Object Manager is docked to the right edge of the workspace. Like Project
Explorer, you can dock it to any other edge or float it in the workspace. To close/open Object
Manager, select menu item View: Object Manager.

3.1.7.2 Manipulate layers and plots in Object Manager
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Object Manager works interactively with active graph window. Selecting layer or plot in graph window
will highlight the corresponding item in Object Manager and vice versa. This makes it very easy to
select an item and then show or hide it.

For exmaple, try the following:

1. Select Help: Origin Central menu or press F11 key , and then open Graph Sample: Multiple
Axis and Multiple Panel. Activate the Dot Chart with Multiple Datasets graph window.

2. Select plot in graph window, the correspoinding items will be highlighted in Object Manager.
Select items in Object Manager, the corresponding plot or layer will be highlighted in graph.
In Object Manager, Uncheck the checkbox before 2007 plot of Layerl to hide this plot.
Right click on 2006 plot of Layerl and select Show Plots with Same Name Only to hide all plots
named 2007.

5. Right click on 2006 plot of Layerl again and select Show All Plots. All 2007 plots are back.

Dot Chart with Multiple Datasets || = & |
23 2006 4 2007
1 1 1 1
Marine
Ammonium .
Chloride .
Object Manager x . ’
=l =r Graph4B
First Volcani
= [¥] Layerl = =
=[] g1
EI L ayer? Show Plots with Same Name
= [H g1 Hide Plots with 5ame Mame
[ & 20 Show Plots with Same Mame Cnly
20 show All Plats
=[] Layer3 %
= [l g1 Move Up
|:| ‘- 20 Move Down |
20 0.8
Remove
Change Flot To Tutorial

Goto BooklO

Plot Details...
Layer Contents... Fl12
Plot Setup...
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the graph. Therefore same name or not depends on what the legend translation

The plot names in Object Manager is the Auto Legend Translation mode set in
Q mode is used.

Besides using Object Manager to turning on or off layers or plots, it can also be used to:

e Change plot orders by right clicking on a plot and selecting Move Up/Move Down

e Change plot type by right clicking on a plot and selecting Change Plot To

¢ Go to source workbook/matrix book by right clicking on a plot and selecting Go to xxx

e Double click on an item to open corresponding node in Plot Details dialog for futher customization

or use context menu to open Useful dialogs.

Dot Chart with Multiple Datasets | & || = -E |
23 2006 4 2007
1 1 1 1
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Chloride e .
e A .
Object Manager x A .
=l =r Graph4B
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A 2007
| : &
EI L ayer? Show Plots with Same MName
=¥ g1 Hide Plots with 5ame Mame
A 20 Show Plots with Same Mame Cnly
20 Show Al Plots
= [¥] Layerd
=[] g1 Move Up
‘- pil Move Down |
A 08
Remove
Change Flot To Tutorial
Goto BooklO
Plat Details... I})
Layer Contents... Fl12
Plot Setup...
3.1.8 Apps
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Apps are custom applications for Origin that perform specific graphing and/or analysis tasks. Apps
are not pre-installed with Origin. Users can browse available Apps in File Exchange center of the
OriginLab website and download them to install. When Apps get installed, they will be visible in the

Apps Gallery window of the Origin interface.

Window Help

HERE BES & AkEDa +a?ézagm BB

S h -

.
AL B Lok :
M "Apps - 0 X [o
3 p— s
o B g |
ODE Solver LaTeX Plot Sub Heat Map %
Matrix with Dendr.., =

5 -

Web Map Send to
Service Word

Average=0 S5um=0 Count=0 AlU:ON 1:[Bookl]Sheetl! Radian

Each installed App will be displayed as an icon in the gallery window. You can simply click on the
icon to launch the App and right-click on the icons for other options such as hiding or uninstalling the

App.

ZEIC

ODE Solver LaTe Olat £l Heat Map
Hide with Dendr...

* EE Uninstall
<

Sh All
Web Map Send o
Cervice Worg Refresh
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3.1.9 Quick Help

The Find window can also be toggled on/off from the View menu. Use this window to type in
keywords and locate a list of FAQs.

1. Click the Auto Hide button to pin the Quick Help, and then select View: Quick Help or Alt + 5 to
hide the Quick Help window.

2. Press Alt + 5 to show the Quick Help window again.
In the Find edit box, type in the following keywords: add data
Double-click on the "What are the different ways by which | can add data plots to an existing
graph?" Origin's Help file opens.

3.1.10 Messages Log

The Messages Log window shows messages about operations including Output Information, Results
and Errors. It displays messages that are not sent to the Script Window or the Command Window. To
close/open Messages Log, press Alt + 6 or select menu item View: Messages Log.

1. Open a new workbook, highlight the A(X) and B(Y) columns, right-click and and choose Fill
Columns With: Row Numbers from the shortcut menu.

2. Highlight the columns and from the Main Menu, choose Plot: Line: Line. A simple line plot is
drawn.

3. Select File: Export Graphs... from the main menu to open the ExpGraph dialog. In this dialog,
keep the default settings and click OK to export the graph.

4. The Output Information is reported to the Messages Log window.
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4 Data Analysis

4.1 Gadgets

Global Vertical Cursor

e Integrate Gadget

e Curve Intersection Gadget

e Rise Time Gadget

¢ Interpolate Gadget

o Cluster Gadget

¢ Quick Fit Gadget

¢ Quick Peaks Gadget

¢ Quick Sigmoidal Fit Gadget

e Using Multiple Gadgets

4.1.1 Global Vertical Cursor
4.1.1.1 Summary

The Vertical Cursor gadget can be used to read X and Y coordinate values for data points in stacked
panel plots or contained in multiple graphs simultaneously.

4.1.1.2 What You Will Learn

This tutorial will show you how to:

e Use the vertical cursor gadget to read XY coordinates for multiple graphs and output the results.
e Link/Unlink graphs when using the vertical cursor gadget.

e Move or relocate the cursor line among the linked graph windows.

4.1.1.3 Steps

1. Open Origin and choose File:Import:Import Wizard. For the Data Source, browse to <Origin
Folder>/Samples/Curve Fitting and add the Step0l.dat and Step02.dat files. The import filter

Data Folder:Step is automatically selected. Set Import Mode to Start New Books.
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Click the Next button, navigate to the File Name Options page, clear the check box before
Rename Long Name for Book Only, then click the Finish button to import both files into two

workbooks, and the columns will be designated XY XY by the import filter.

Click the New Folder button on the Standard toolbar to create a new file folder in this project,

this folder should be open and named as Folder 2.

While Folder 2 is open, click the Import Wizard button e on the Standard toolbar to import
Step03.dat file also under the path <Origin Folder>/Samples/Curve Fitting similar to steps 1 and
2.

Go to Folder 1 in Project Explorer, activate the workbook with long name StepOl.dat and
highlight the whole worksheet. Select Plot:Multi-Panel:Stack from the menu item to open the
Plotstack dialog.

Under the Plot Assignment branch, enter 3 for Number of Plots in Each Layer, accept other
settings as default and click OK to create a stacked graph.

Similarly create two other stacked graphs for the other two workbooks. So nhow we have Graphl,

Graph2, and Graph3 for workbooks Step01.dat, Step02.dat and Step03.dat respectively.

8. Activate Graphl and choose Gadgets:Vertical Cursor to open the Vertical Cursor dialog.

B Vertical Cursor - X Based on Layer3

o [ A & k=] #| B8 2 8 2l
Cursar Snhap Curzar to Mearest =
X by Marme Graph Status .
1.4 0.07353  Sensor & vy Graphl
21.4 0.10709 SensorBy  Graphl
31.4 0.27679  Sensor Cy  Graphl
31.4 0.47324 SersorDy  Graphl
21.4 073932  SensorEy  Graphl
21.4 0.809096 SersorFy  Graphl
b | 1 AT - o b St P | ':‘ v

=
9. Click the Link/Unlink Graphs button ﬁin this dialog and open the Graph Browser, you can
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choose whether to link or unlink a graph to the current active graph.

10. Select Graph2 and Graph3 in the left panel and click the ﬂbutton to add the two graphs as
linked graphs to Graph1. Click OK.
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B Graph Browser
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Note:You can also unlink graphs in this dialog by using the ilbutton to remove a graph from the right

panel.

On the upper right-hand corner of each linked graph, a icon appears to indicate that it belongs to a
group of linked graphs.

11. Make sure Graphl is active and the Vertical Cursor dialog is open, the asterisk before the
graph name marks the current active plot on which the cursor is on. Enter 25 as the X value,

uncheck the box before Snap Cursor to Nearest X and click the Move Cursor to X button

ilto read the data points in each plot when X=25.
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Bl Vertical Cursor - X Based on Layer3 - 2 linked graphs E]|E|E|
Q| 8| A £|kx-]H | H 8 B Bl 4
Curzor | []Shap Cursor to Mearest

X i arme Graph Status
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25 0,10394  SermsorBy  Graphl
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25 067007 SensorEy  Graphl
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25 007876 Sensor Gy Graph2
25 1.02927 SensorHy  Graph2
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25 0.09922  Sersor By Graph3
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25 038576 SensorDy  Graph3
25 063995 SensorEy  Graph3
25 0.83746 Sensor Fy  Graph3
25 006895 Sensor Gy Graph3
25 1.03511 SensorHy  Graph3

12. Click the Add Tag and Label button Mto add tags at X=25 for all linked graphs.

13. Click the Output Report button @and then the Go to Report Worksheet button ﬁto
generate and open the results worksheet. The XY coordinates of all plots in linked graphs are
listed in the report sheet.

14. Activate Graph2, click on the icon and select Move Cursor Line here, the cursor line will be
moved to Graph2.

15. In the Vertical Cursor dialog, double click any row of Graph3 to activate its graph window.

Select the previously added tag, press the Delete key to delete the tag, click on the icon and
select Go to Cursor Line Window to go back to Graph2 where the cursor is currently on. You

can see that the tags in linked graphs are deleted.
4.1.2 Integrate Gadget
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4.1.2.1 Summary

The Integrate Gadget performs numerical integration of a data plot to calculate the area under the
curve. You can select an arbitrary range of the data plot using the region of interest (ROI) object
displayed in the graph.

4.1.2.2 What you will learn

e How to easily integrate a data plot on a rectangular region.
e How to specify the integration limits and baseline.
e How to display the integral curve inside the ROI.

e How to calculate quantities including: peak area, peak height, peak center, and FWHM.

4.1.2.3 Integrate and output the guantities

1. Start with a new workbook and import the Origin sample data Multiple Peaks.DAT which is
located in <Origin Program Folder> \Samples\Curve fitting.

2. Highlight the Col(C) and select Plot: Line: Line from the Origin menu to draw a graph.

Graph3 EI@
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3. Select Gadgets: Integrate from the Origin menu when a graph is active, to bring up the
Integrate: addtool_curve_integ dialog box.
In Integration tab, choose Restrict to Rectangle in the Integral Curve drop-down list to plot the

integral curve within the rectangle.
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Integrate: addtool_curve_integ @l&]
Dialog Theme ﬂ
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Integral Curve [Nune v]

MHone

Restnct to Bectangle
True Value

[ OF. J[ Canecel ]

4. Click OK button. You will see that a yellow rectangle and a blue integral curve are added to the

plot. The integral area is filled with gray, and the value is shown at the top of the rectangle.
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5. Move the yellow region of interest rectangle to set the region for the single peak you want to

integrate.
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6. Click the triangle button | ¥at the top right corner of the ROI tool to open the fly-out menu and
choose New Output. Then the Gadget Integration Results will display in the Script Window.
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4.1.2.4 Integrate with a data plot baseline

1. Start with a new workbook and import the file <Origin Program Folder>\Samples\Spectroscopy\

Peaks with Base.DAT
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2. Highlight Col(B) and Col(C) and select Plot: Line: Line from the Origin menu to draw a graph.

-

Grapht B

1

—— Amp
—— Base

Amp

A 4

3. Select Gadgets: Integrate from the Origin menu when a graph is active, to bring up the
Integrate: addtool_curve_integ dialog box.

4. In Baseline tab, choose Use Existing Dataset for the Mode. Then select Plot(2): Base as
Dataset and click OK button.
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@ Curve Within RO

[ ok J [ Canhce

integrate the total area for the curve.

Plotl} : Amp
Plot(2) : Base

Reset

[

Reselect All Data from Graph

Select Columns...

5. Click the triangle button |*and select Expand to Full Plot(s) Range in the fly-out menu to
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4.1.3 Curve Intersection Gadget

4.1.3.1 Summary

When there is more than one curve in a graph layer, you might want to calculate the intersection data
points of these curves. Since Origin 8.6, a new gadget Intersect is available to calculate the
intersection points of the input curves on the graph.

Minimum Origin Version Required: Origin 8.6 SR0O

4.1.3.2 What you will learn

This tutorial will show you how to:

e Use the Intersect gadget on a graph.
e Tag the intersection points.

e Output the intersection points to worksheet.
4.1.3.3 Steps

This tutorial is associated with <Origin EXE Folder>\Samples\Tutorial Data.opj.

1. Open Tutorial Data.opj and browse to the Curve Intersection Gadget folder in Project
Explorer (PE).

2. Highlight the Col(A)~col(D) in workbook Book6, and then click Plot:Line:Line to plot a line
graph.
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4. Check the Intersection Label check box in the Options tab, set Size as 15, set Type as Y

and set Rotate(deg.) as 0.

Data Explonation: addiool curve_int... |E|rz|

Dialog Theme ﬂ

Description  Place a rectangle on bwo plots b perfarm
intersection.

ROl Eh:u:-:| (O ptionz |Elut|:|ut Tao

[=] Intersection Dizplay
= Intersection Marker

Color . Red

Fill Color | S
Symbol lT' ¥ |
Size lﬁ'

(= Intersection Label
Calor . Black, |
Size
Rotate(deq.]

[=] Interpolation S ettings

|nterpaolation bethod | Linear " |
Sampling Points 11000 |
[ ]9 l [ Cancel ]

5. Click OK button to go back to the graph window. The yellow ROI box will be added onto the

graph.
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Click the Arrow button [ *Jat the top right of the ROI box, select Expand to Full Plot(s) Range
from the context menu. The ROI box will be expanded to cover full plot range as shown

below.

0.5 4
0.0+

0.5

Click the Arrow button [ *Jat the top right of the ROI box. Select Preferences... from the
context menu to open the Intersect Preferences dialog. Go to the Output To tab and input

[Book6]Intersections in the Result Worksheet Name box.
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Intersect Preferences r‘s_(|
Dialag Therne ﬂ

ROl Bax Dptiu:uns| Dutput To |

Script Window

Result Workzheet Mame |[EDDkE]lntersectiDn|

[ 1] H Cancel ]

8. Click OK button to go back to the graph window. Click the arrow button [ *lat the top right of the
ROI box, select New Output from the context menu.

9. The results will be output to the Script Window. Click the arrow button E]again, select Go

To Report Worksheet from the menu. The X and Y coordinates of the intersection points will

be listed in the results worksheet.

i Books FEX

AL B C ]
Long Mame | Intersection ¥ Intersection Cumes Intersection Method
14.738493 -0.2630% Book6_Bws. BookE_C  Linear
26.4802 0.32401
38895356 079768
2886476 0.02267 BookB_Bws. BookE_D
3915549 -0.68452
23.06123 0.15306 Book6_C ws. Book6_D
W
Sheeﬁ;ﬁ,lntersectiunsf ||{ > | r

4.1.4 Rise Time Gadget

4.1.4.1 Summary

The Rise Time Gadget can be used to analyze the rising and falling stages of a step-like signal in a
graph. With this gadget, you can intuitively select an area on the graph with a rectangle, and then
calculate the rise time or fall time within that area.

Minimum Origin Version Required: OriginPro 2015 SR0O

4.1.4.2 \What you will learn
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e How to select a specific region of the signal by moving and resizing a region of interest (ROI).
e How to mark Rise Time (Fall Time) and Rise Range (Fall Range ) in the graph.
¢ How to switch the tool between Rise Time and Fall Time.

¢ How to output analysis results of Rise Time (Fall Time).

4.1.4.3 Analyze Rise Time

ity
1. Start with a new workbook and click the " putton to import the Step Signal with Random

Noise.dat file under the <Origin EXE Folder>\Samples\Signal Processing path.

2. Highlight Column B and select Plot: Line: Line in the menu to create a graph.

= Graphi E| @| E|

1 —— zignal with noize |
.
4
2 3
=
o 4
-
z 2]
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& 14
m
04
I
n 200 400 G600 800 1000 1200
tirne

3. Double-click the X axis to open the Axis dialog box. Go to the Scale tab and set the axis range

and major ticks as shown in the image below.
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B X Axis - Layer 1

Horizontal

Vertical

Scale | Tick Labels | Title | Grids | Linge and Ticks | Spedial Ticks | Breaks |
From 400

To EO0

Type Linear -

Rescale Margin(%:) 8

Reverse D

= Major Ticks
Type [Bv Increment -
Value s
First Tick

& Minar Ticks
o
Count T

Select multiple axes to customize together,

ok || Cancel

| |

’ Apply To...

J

Apply

4. Click the OK button and the graph will be updated as shown below:

— signal with noise |
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5. Select Gadgets: Rise Time from the Origin menu to open the Rise Time: addtool_rise_time
dialog box. Go to the Display on Graph tab, and click the Rise Time and Rise Range check
boxes.

( Rise Tirne Preferences @1

Dialog Theme ﬂ

| ROI Box | Rise Range | Cuantities | DutputToH Display on Gr...uAdvanced |

B Indicator
Size 10 -
Symbaol | O |E]
State Level
Rize Time
Rize Range

[ Ok ] [ Cancel ]

6. Click OK button, and you will see that a yellow rectangle is added to the plot. Move the rectangle

horizontally on the rise signal step.

= Graph
1 ; I
Fise Time=26.23487 - - -
Rise Range=3.04039 | signal with noise |
7 M el
High State Level High Reference
4 o Level
I’y
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& ad ! 4
o] | [}
= + [
g 7 b = 1
f (o) | (e
] q i L i
= i i
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' 1]
] & I ¥
1] _W i v . \\\
| T ‘ Low Reference ‘
p . -+ ~ I# [ Low €I>tatr: Level ]I Lewlfel
400 500 550 BO0
Rise time time
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In the graph, you can see the Rise Time and Rise Range values are shown at the top of the
rectangle.

The two blue vertical lines go through the two indicators marking the Rise Time.

The two blue horizontal lines that display the Low Reference Level and High Reference Level
go through the two indicators marking the Rise Range.

The two red horizontal lines display Low State Level and High State Level.

Click the triangle button | Jat the top right corner of the rectangle. Then select New Output. The

results will be output to the Script Window.

7| Script Window : LabTalk [
File(Tet) Edit Hide Tools

Gadget Rise Time(?-3-2814 892:29:51>
Results of Rise Time
Dataset Identifier signal with noisze
Low State Level<UMin> —-B_22525
High State Level{UMax> 3.9647
Low Reference Level{UrefMin> B.19375
High Reference Level{UrefMax) 3.54571
Time at Low Reference Level(T1> 433.08395
Time at High Reference Level{TZ> 459.85931
Rize Time<{dT> 26.77536

4.1.4.4 Analyze Fall Time

1. This gadget also allows you to get the fall time and fall range in a graph. Move the rectangle
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2. Click the triangle button |*Jand select Preferences in the fly-out menu to open the Rise Time

Preferences dialog. Go to the ROI Box tab and select Fall Time in the Tool drop-down list.

Rise Time Preferences

Dialog Theme ﬂ

ROl Box | Fall Range | Quantitiez || Output To || Dizplay on Graph || &dvanced

¥ Scale
From 52497778 |
To 58497778 |

Fired(Prevent moving by RO []
[] 5how Tool Mame

Fill Color [ ]uto
(Tool Fall Time v)

Method | Linzar Search “ |

I ok H Cancel ]
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3. Click the OK button, the Fall Time and Fall Range values are shown at the top of the rectangle.

= Graph El [E| Pz|
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4. Click the triangle button |*Jand select New Output. The results will be output to the Script
Window.

4.1.5 Interpolate Gadget

4.1.5.1 Summary

Origin supports the interpolate gadget to perform quick interpolation on a ROI (Region of Interest)
range when a graph is active. And you can easily to change the interpolate region by moving the ROI.

4.1.5.2 What you will learn

e How to easily interpolate data points on a rectangular region.
e How to quickly find out an interpolated Y value from any given X value.

e How to output the interpolated values to Script Window, Result Log, or a specified worksheet.

4.1.5.3 Steps

This tutorial is associated with <Origin EXE Folder>\Samples\Tutorial Data.opj.
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1. Open Tutorial Data.opj and browse to the Interpolate Gadget folder in Project Explorer (PE).
2. Highlight the Col(A) and col(B) in workbook Book1R and plot a Line +Symbol graph.

= Interpolate Gadget |Z| |E| E'

!

Y walue
1

. \ / N/

value

3. Select Gadgets: Interpolate from the Origin menu when a graph is active, to bring up the
Interpolate: addtool_curve_intep dialog box.
4. Gotothe Interpolate/Exterpolate Options tab. Choose Cubic Spline for the Method, and then

select Interpolate/Extrapolate to Rectangle Edge for Fit Limits To.

Data Exploration: addiool_curve_interp

Dialog Theme ﬂ

Description  Place a rectangle on the plat to perform interpalation.

ROl Box | Show on Center-Top of ROI Box | Interpolate/E strapolate Options | Qutput To

@hud [Cubic Spline

Mumber of Points |'IEIEI |

Boundary | M atural w |
@Limits To | Interpaolate/E #trapalate ta Rectangle Edae VD

[ OF. H Cancel ]
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5. Click OK button. It will add an interpolation line onto the plot. And the Y values of interpolation

line at right and left are shown at the top of the rectangle region.

&=l Interpolate Gadget

: Yot et 0 7080
25 " at Right=-0.442340
"] (X]e)
2.0 n
1.5
1.0
ERRTE
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> 0.0 —
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1.0 ]
1.5
T T T T T T T
o 2 4 G g 10
X value

6. You can change the data range by moving or resizing the yellow region of interest rectangle, the
interpolated curve displayed will update as the ROI is being moved.
Click the triangle button |*Jand select Expand to Full Plot(s) Range in the fly-out menu to

interpolate the total area for the curve.

=) Graphb |Z| |E| E|

1
¥ at Left= 2.31265 —u—" value

*r at Right =0.47745

1T - My

Y walue

Howvalue

82



Data Analysis

7. This gadget also allows you to find Y values from a given X value. Select Interpolate X/Y in fly-
out menu to open the Interpolate Y from X dialog. You can enter multiple X values and click the

interpolate button. This tool will output the interpolated Y values for each of the X values.

Interpolate ¥ From X Lﬁ,l

Cutput to

@ ScriptWindow
Result Log
Worksheet | [Interpe R esult Go

#Range =01, 9.4]
Y Range = [-1.25, 2]

Enter zemicolon separated values to find multiple values.

W 1:35T
Y 1.19692;-1.28955:0;-0. 3968

[Interpnlate] | Clutput | Cloze

8. The interpolated Y values can be output to Script Window, Result Log, or a specified
worksheet.

4.1.6 Cluster Gadget
4.1.6.1 Summary

Origin supports the Cluster Gadget to perform simple statistics on a region of interest (ROI) in a
graph. The gadget can also be used to edit, clear, mask, or categorize data points. The statistics
results are dynamically updated as the ROI object is moved or resized.

Minimum Origin Version Required: Origin 2016 SRO (Pro only)

4.1.6.2 What you will learn

e How to perform simple statistics on a region of interest (ROI) in a graph.
e How to edit the data points such as clear, or mask points in graph using menu options or buttons.
e How to view or output the statistic for points inside and outside of the ROI.

e How to categorize data points and color map points with the categorical data

4.1.6.3 Perform basic statistics
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1. Start with a new workbook and import the Origin sample data Categorical Data.dat which is
located in <Origin Program Folder>\Samples\Graphing.
Right-click on Col(D) and select Sort Worksheet: Ascending. Then you will see the worksheet is

sorted by the category of Drug.
2. Pressing Ctrl key, highlight three parts of the Col(B) separately.

i CategoricalDa - Categorical Data. dat EJ[E|E|

C{Y) g

Long Mame Recovery Gender Drug
Lnits
Comments

11 IMale Drug A

12 |[Female Drug A

24 IMale Drug A

39 [Female Drug A

38 IMale Drug A

19 [Female Drug A

20 IMale Drug A

20 fFemale Drug A

41 IMale Drug B

21 |male Drug B

I IMale Drug B

11 |male Drug B

13 [Female Drug B
42 [Female Drug B
32 [Female Drug B
18 IFemale Drug B

12 IMale FPlacebno
36 [Female Placebo
35 IMale FPlacebno
23 [Female Flacebo
22 IMale FPlacebno
14 [Female Flacebo
46 IMale FPlacebno
45 [Female Flacebo
25 L
\ Categorical Data / ||« o[

3. Select Plot: Symbol: Scatter from the main menu to create a graph. The graph with three

plots display the recovery for each drug.
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4, Right-click on the graph legend and select Properties to open Object Properties dialog.

Then edit the legend as shown below. Click OK button.

P

# | Text Object - Legend

|Text | Framea |Pc|sitic-r1 Pragramming |

T Default: Arial v 20 v |[MBlack

w | Rotate 0

Line Spacing(¥:) =<auto> « [ |Center Multiline

[] white Out

Tab 8 :Dverbatim
~

[]system Font

-

[l

-

(1) %%(1) —Drug A
W(2) 3=(2) - Drug B
(3 36(3) - Placebo

Apply to | opject -

[ Apply ] [ QK ] [Can::el ] [Setas Default]

bt

5. Select Gadgets: Cluster from the Origin menu to bring up the Cluster: addtool_cluster

dialog box. Choose Circle in the Shape drop-down list of the ROI Box tab.
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Cluster: addtool_cluster M
e
Dialog Theme | = ﬂ

Dezcription

Select a region of plotted data to calculate statistics or to mask,
delete data

ROI Box | Output To | Calculation |

Show Cloge Button and Context Menu ||
[T Show Tool Hame

Fill Color |im |

Color Inner Points

| || Bl Shape Position

1 1 Pl

[

i X2 55

| 1 16

[

|| Y2 4.5

|

: [ 0k ] [ Cancel ]
b

6. Click OK button. It will add a yellow circle for ROI on the plot and bring up the Cluster
Gadget dialog.

Graphl * [= = ][=]
1 =  Recovery—-Drug A @
= Recovery—Drug B
0 4 & Recovery—Placebo
45 | at
40 o
n u
a5
fad
£ a0
(=]
o
or 25 -
&, |
20 .
B ' Cluster Gadget: Editing Inner Points - All Plots . E@g
1 4% | [ it DateSettings
e TR T TREYEEYEAL ) e
=0 Irner Points | Outer Points
M ove the ROI bow to start computation.
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7. Move the yellow circle to the region for which you want to get statistics and see the results

shown on the Inner Points tab of the dialog.

[E] Grapht * (o= =

1 Recovery—0rug A @
Recovery—Drug B

50 4 4 Recovery—Placebo
45 at
40 ":
u
a5 | &
Py o
5@ *
8
fr 25 ’
. B ° Cluster Gadget: Editing Inner Points - All Plots i L=l
Edit Data Settings
15 4 5] = o
N IEE TR e

Input Legend H |Sum ¥)  |(Mean (¥)  |[Median (¥) [SD (1) h
Recovery—Drug A z2 o9 29.5 9.5  0.70711
Recovery——Druz B 2 B3 31.5 31.5  0.70711
Recovery——Flacebo z Tl 35.5 3:.5  0.TOT11
#11 Flats B 195 32, 1BE&T 31.5 2. TSB3T

8. Click the Output Statistics Report button . The results are output to the Result Log, Script

Window, and the Cluster workbook.

9. Click the Go to Report Worksheet buttonﬂ, then the Cluster workbook will be shown.

B Cluster* o= ][ ==
A B CiY)| DY) E(Y) ) -
Long Mame Region Data | sum (Y) | Mean (¥) Median(Y) |=
Fix)=
1 |Inner Points | Recovery—DCirug A 2 ol 295 295
2 |Inner Points | Recovery—Cirug B 2 63 315 315
3 |Inner Points  Recovery—FPlacebo 2 71 355 355
4 | Inner Pointz | All Plots ] 193 | 3216667 35
- I~
[« [+ ]\ RegionStats / | K e Y |

4.1.6.4 Exclude the data points in a cluster
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In this section, we will show you how to exclude a

specific plot from the cluster. Based on the

example above, we will do simple statistics on Recovery of Drug A and Recovery of Drug B,

excluding Recovery of Placebo.

1. Click the Data menu in the Cluster Gadget

dialog and uncheck Plot(1) and Plot(2). The first and

second rows become gray in the lower panel, and they can no longer be manipulated by the

buttons in the dialog.

Click Mask Data Points button%. The Recovery of Placebo data points in the ROI are masked

and the color becomes red. At the same time the statistics results for Recovery of Placebo

become missing values.

[E] Graph1 * ===
1 = Recovery—-Drug A E]
»  Recovery—DOrug B
50 4 4 Recovery—Placebo
a5 | ik
a0 *
a "
a5
fang
L a0
(=]
T
o 25 ’ 1
- B | Cluster Gadget: Editing Inner Points - Recovery--PIathDI. = ﬂhj
Edit Data Settings
15 -
A || EE B |2 B V] B R E|
10
i Inker Paints | Outer Paints
20
Input Legend H |Sum X  Mean ¥)  (Median (¥) [SD (X) h
Recowvery——Drugz A 2 59 29.5 29.5  0.70T11
Recovery—Drugz B 2 B3 3l.5 31.5 0.70T11
Recovery——Flaceba o-- - - - .
A11 Flots 4 122 30.5 30.5 1.29099
1 | m 3 J

3. Click the Output Statistics Report button@. The results are output to the Result Log, Script

Window, and the Cluster workbook.

4.1.6.5 Get statistics results for points outsi

de of the ROI

1. Click Settings: Preferences from the Cluster Gadget dialog's menu to open the Cluster

Manipulation Preferences dialog.
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2. Go to the Calculation tab. Click the Calculate Outer Points check box.

-
Cluster Manipulation Preferences m
Dialog Theme | = ﬂ

ROIBox | Output To |Ca|cu|ati0n |

Calculate Outer Points

Real-time Calculation
Input Legend M
Shape [
Data Points Info
I Indices [l |
Yalues [l
| Statistics on I
Ll = alue [l
4 Y W alue
I Quantities to Compute
| M L
Sum
tean
tedian
5D
Mirirnarn
b airnuirn

! [ Ok ] [ Cancel ] !

3. Click the OK button, the statistics results for points out of the ROI are shown on the Outer

Points tab of the dialog.

®  Cluster Gadget: Editing Inner Points - Recovery--Placebo Elﬂlg
Edit Data Settings

EE T IEEEEIL e
[Inner Points | OuterFonts |

Inner Paints | Outer Foints

|Input Legend | Sum (¥)  [Mean (¥) |Median (¥) |SD (YD

Recovery—Ilrugz A & 139 23 16B&T 19.5 12 4163t
Recovery—IDruz B & 146 24 33333 19.5 13 TB4B!
Recowvery—Flacebo B 162 27 22.5 14 9BBE]
#1]1 Flots 15 447 24, 83333 2005 130259
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4. Click the Output Statistics Report button@. The results for inner and outer points are shown
in the Result Log, Script Window, and the Cluster workbook.

4.1.6.6 Color data points in different regions

You can categorize data points from graph directly and output the Categorical group column to the
source worksheet, and further map symbol characters to the categorical group column.

Create a new workbook and re-import the sample data <Origin Program
Folder>\Samples\Graphing\Categorical Data.dat. Highlight Column(B) and plot a Scatter graph.
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Data points cluster into 4 groups. We will use the Create Categories feature of Cluster Gadget to
create a categorical column according to the cluster groups and map symbol color to this column.

1. Select Gadgets: Cluster to bring up the Cluster: addtool_cluster dialog. Choose Circle in the
Shape drop-down list of the ROI Box tab.
Click OK button to add a yellow circle for ROI on the plot and bring up the Cluster Gadget dialog.

2. Move and adjust the size of the ROI box to circle only the first cluster of data points at the

low-left corner.
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g |
Click the Create Categories button Jon the Cluster Gadget dialog to open the Create

Categorical Value dialog. Enter Group for Category Group Name and 1 for Category.

B ' Create Categorical Value &Iﬂ—hj

Category Group Mame Group
Category 1
Add Group Column for Each Data Plot [

Create a category with the data points in current ROIL.

Lok |

Cancel ]

Click the OK button. A new categorical column named "Group" is added to the source data

sheet and data points inside ROI are tagged as "1" in this column(Group).

% CategoricalDa - Categorical Data.dat * EI@
a0 | B | EM cv) | bm |-
Long Mame Age Recovery Group Gender Drug
Units =
Comments Categories
Flx)=
Sparklines ,J‘Jf “/_//
Categories Unsorted
1 20 11( 1 Male Drug A
2 23 12| 1 Female Drug A
3 22 13| 1 Female Drug B
4 23 11( 1 Male Drug B
5 21 12{1 Male Placebo
6 23 14[1 Female Placebo
T 36 20| — Male Drug A
g 32 18] — Female Drug A
9 34 18| — Female Drug B
10 34 21l = Male DugB | —
[« ] ]\ Categorical Data / || « i H

Repeat step 2 for the rest of 3 clusters and tag them as 2, 3, 4 in sequence.

|
(1)
Category Group Hame Group
Category 3 ,"‘. LI
i i
1 1
40 \ ' ': i
- + 1 4
# ~ ——— e’
H 1
Category Group Mame Group I .:. }
1 1]
Category 2 M e
x 5
20 | a L Category Group Hame Group
o
15 4 Category 1
Sy
ZI:' '_”I.) '1-::' 5:3 ":3
Age
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The source worksheet should look like the following.

ﬁ CategoricalDa - Categorical Data.dat * EI@
A | B em | em [ om |-
Long Name Age Recovery Group Gender Drug
Units
Comments Categories
Fx}=
Sparklines ‘J"_f“ _f//‘
Categories Unsorted
6 23 141 Female Placebo =
T 36 202 Male Drug A
8 32 19 |2 Female Drug A
9 4 18 |2 Female Drug B
10 34 212 Male Drug B
" 36 22 |2 Male Placebo
12 35 232 Female Placebo
13 45 29 |3 Male Drug A
14 44 303 Female Drug A
15 44 323 Female Drug B
16 43 313 Male Drug B
7 44 35|3 Male Placebo
18 45 36 |3 Female Placebo
19 57 38 4 Male Drug A
20 60 39 4 Female Drug A 18|
Izlz‘\Categoncal Data / || a | (1] + |r

Close Claster Gadget.

4. Now we will color-map data points to column(Group). Double click on the scatter to open the
Plot Details dialog. Go to Symbol tab. Select By Points tab from Symbol Color drop-down

list. Then select Col(E): "Group™ under the Indexing drop-down list.

Symbol | Drop Lines | Label I Colomap I Numeric Forrnats|
Preview Size 9

. Edge Thickness Default -
[symbol Color | MapColD):"... w ] ]

Single |BY Pﬂil'ﬂsl

Use column values

Ilnde:dngv I |
Col(A): "Age"
Col(B): "Recovery” - |

Transparency FJ |

[] Overapped Point

3 -
Col(C): "Gender"
Col(D): "Drug"
|;|Cust-:-m Construction  ——————————— = - -
@ Geometric £ - EEEETE En
\ Color List +
Single Alphabetic
Incremental Alphabetics HE E D PEEEE B H

Row Mumber Numerics
User Defined Symbols

Click OK.
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5. Delete the original legend. Select Graph: Legend: Categorical Values to bring up the

legendcat dialog. Select checkboxes Symbol(Edge) Color. Click OK. The scatter plot with

new legend should look like following.
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4.1.7 Quick Fit Gadget

4.1.7.1 Summary

The Quick Fit gadget can be used to quickly perform curve fitting within the ROI (Region of Interest)

range.

Minimum Origin Version Required: Origin 8.6 SRO

4.1.7.2 What you will learn
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This tutorial will show you how to:

e save and reuse a dialog theme.

4.1.7.3 Steps

Linear Fit

Folder>/Samples/Curve Fitting and add the Step01.dat. Note that when this file is selected, the

import filter Data Folder: step is automatically chosen (this is shown in in the Import Filters for

carry out linear fit with the Quick Fit gadget.

carry out nonlinear curve fit using Quick Fit gadget.

Open Origin and choose File:Import:Import Wizard. For the Data Source, browse to <Origin

Current Data Type box). Click Finish to import the file.

EBX

2. Highlight through column A to F and click the button to generate a scatter plot.
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3.

interest (ROI) box on the graph. Click the arrow button |*land select Expand to Full Plot(s)

Range from the fly-out menu to expand the ROI box to the full plot range.
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5.

= Graphi

concO1

Intercapt = -0.00289, Slope = 000194

X]|»]

Sensor Ay
SensorBy
4 SensorCy

Data Analysis

Click the arrow button [*Jand select Preferences... from the fly-out menu. This opens the

Quick Fit Preferences dialog. In this dialog, go to the Label Box tab, select Equation with

Values for the Equation drop-down list.

-

Quick Fit Preferences

2 e |

Dialog Theme || iz [System]

i

Settings | ROI Box (iju B®| Report | Fit Curve |

Add Label Box to Graph
Significant Digits
Function

Date & Time
Input
Hange

Output
Add Legend Spmbols
Weighting

[
E quation
-

Fosin. Y

E quation with \f alues A ,

Parameter Table

Show Error in Parameter Table
Reduced Chi-Sqr

R-5quare

Pearson’s 1

All Parameters -

HEE

Apply ] [ QK. J ’ Cancel ]

Go to the Report tab, select Worksheet for the Output To drop-down list.
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-

Quick Fit Preferences I. ? &r
Dialag Theme || jnear [Suzkern] * ﬂ
| Settings | ROIBox | Label Box@eport)Fit Curve |
(Dutput To woicheel ___~| )

Mo,
Worksheet Name [GkFfit]R ezl
Significant Digits
Function
Date & Time
Input l Flaot Legend - ]
Output [ Flaot Legend - ]
Weighting
E quation [Equatinn with M ames vl
Parameter Table [AII Parameters v]
Show Error in Parameter Table
Reduced Chi-Sqr
R-Square
Pearson's r
[ Apply ] [ Ok l [ Cancel ]

6. Click OK to close this dialog. Click the arrow button I*to select New Output from the fly-out
menu. This outputs the plot fitting results "Sensor 01" to the report worksheet and adds a

label box to the graph window. The label box reports your analysis results.

& Grapht S[(=][e9
0B Irtercept = -0.00289, Slope = 0.00194
L %] v
Linear (3252013 16:42:40%
0 f<Egustion: v = -0.00289 + 0.00194*x > “A
Weighting: MoWWeighting a &
'y
i Wallie Error ‘“
| Intercept -0.00289 0.00393 LY = Sensordy
Slope 0.00154 1.14325E4 Yy ® SensorB i
= 0 Reduced Chi-s 1.52894E 4 4 sensor C ¥
= | Reducs i-Sor . f i
= R-Square 0. 56564 N B Linear Palynomis
] Pearson'sr  0.94278 L
oo
0.1+
0.0+
T T T T T T T T T T T T T ]
a 10 20 30 40 a0 60
concO1
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Data Analysis

Select the label box on the graph and delete it. Click the arrow button |*land select
Preferences... from the fly-out menu. This opens the Quick Fit Preferences dialog. In this
dialog, go to Label Box tab, uncheck the Add Label Box to Graph check box and click OK.
Click the triangle button I*to select Change Data: Plot(2) Sensor B y from the fly-out menu, so
that a linear fit is performed on the data plot Sensor B y. Note that a best-fit line is added to the
plot.

Click the arrow button | *land select New Output from the fly-out menu. The fitting results of plot
"Sensor B y" are output to the report worksheet.

Repeat your previous steps, selecting Change Data: Plot(3) Sensor Cy from the fly-out menu.

Choose New Output option from the fly-out menu to output the fitting results of plot "Sensor C y'

to the report worksheet.

11. Click the arrow button | *Jand select Go to Report Worksheet. You will see the fitting results

of all three plots in the report worksheet.

A B o D E F G | HEES | I JyEr? A
LONGNAME | b oo input | Range  Output | Equation | Weighting | Intercept 'ntgf;m' Slope | Slape-Error
Lirits
Comments
T|Linear |Sensorav | (17387 Linear y=-0.00289 Mo -0.00289 0.00393 0.00194 1.14325E-4
Polynomial |+ 0.00184% iWeighting
Fit of canc01
Z|Linear |SensorBy | 17387 Linear y=-0.02068 Mo 002068 0.00432| 0.00478 1.27723E-4
Polnornial | +0.00478% Weighting
Fit of canc02
I|Linear | SensorCy | 17384 Linear y=-0.00388 Mo _0.00380 0.00451 0.00882 1 .2076E-4
Polynomial |+ 0.00882% iWeighting
Fit of canc03 32
[EL N Resun / |E 2|

Nonlinear Curve Fit

1.

2.

Start with a new workbook and import the Origin sample data Gaussian.DAT which is located in

<Origin Program Folder>\Samples\Curve fitting path.

Highlight the Col(B) and select Plot: Symbol: Scatter from the Origin menu to draw a graph.
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3. Select Gadgets: Quick Fit: 4 Peak - Gauss (System) from the Origin menu to add a ROI

box to the graph.
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4. Click the arrow button | *to select Expand to Full Plot(s) Range from the fly-out menu to

expand the ROI box to the full plot range.
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= Graph1

w= 1018551, A= 986 54309

sigma = 5.08275, FilrHa = 11382452 m Amplitude

Height = 7728112

.X
@ MNew Output
an -
&0 -
o Change Data 4
E a0 Change Function 3
E Expand to Full Plot{s) Range
20 4 Fix ROI Position
Ny itch =
-... g Switch to NLFit...
a{ " -
Find X/Y...
T T T T
n 10 @m o it Save Theme. ..
Channel Save as <default=
Load Theme 4
Preferences. ..

Click the arrow button [*and select Preferences... from the fly-out menu. This opens the
Quick Fit Preferences dialog. In this dialog, go to the ROl Box tab, and set the Parameter

List as below.

f B
Quick Fit Preferences m

Dialog Theme | peak - Gauss (Spstem) * ﬂ
((Rot1 Box ) Label Bax | Report [ Fit Curve |
X Scale
[ Show Tool Name
Show Rectangle after Fit D
Significant Digits
Show on Center-Top of ROl Box
El Parameter List r |
vl E?\
o
w [
A [
sigma |
FuavHM
Qeight |:|)
Fill Color [ LT vellow w
Fit Curve Color
[ Apply ] [ QK. ] [ Cancel ]
L A
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6. Click OK to close this dialog. Click the arrow button |*Jand select New Output from the fly-

out menu. A label box will be added to the graph as shown below.
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7. Click the arrow button [*Jand select Preferences... from the fly-out menu. This opens the
Quick Fit Preferences dialog again. In this dialog, go to the Label Box tab, choose Use ROI

Box Tab Settings for Parameter Table. Click OK to close this dialog.

Quick Fit Preferences Ii‘ﬂ—hj

-

Dialog Theme | pPeak - Gauss [Spstem] * ﬂ
ROI Box ([ Label Box )Report | Fit Curve |
Add Label Box to Graph
Significant Digits
Function
Date & Time
Input [None v]
Output [None v]
Add Legend Symbols [l
‘Weighting
Equation [Equation with M armes vl
(Fl_jarameter Table lUse ROl Box Tahb Settings :Di
_Shuw Error in Parameter Table
Reduced Chi-Sqr
Adj. R-5quare

[ Apply ][ (0] ][ Cancel l
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8. Click the arrow button [*Jand select Update Last Output from the fly-out menu. The Label

box will be updated and only the parameters "xc" and "FWHM" will be displayed.

El|Grapht EJEIE|
! 24 9069 = Amplitude
HC = . H n o "
FWHM = 119759 Gauss Fit of "Amplitude’
x>
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NLF It (Gaes) (@31 #2013 154323
Equation “y=yll + .8 “sqrf LT e1pi* L acywrd)
1l gk thg: No Ul kg kthg
Wale Emar
B0 A\ T ii5s  azumt
Rediced ChHsqr TEIST2
&d|.R-Sqiare 022299
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9. Click the arrow button [ *Jand select Save Theme from the fly-out menu. In the Theme Save

as... dialog, set the Theme Name as My_Gauss and click OK.

B | Theme Save as... I.i] i‘s_]

Fleaze specify a theme name

Theme Hame My Gauszz

Both function and settings in Preferences dialog will
be zaved. The theme name will appear in menu.

When zelecting theme from menu, hold CTRL key
down to perform fit to entire data range [without
adding ROl box to graph]. or hold Shift key down to
open dialog and edit theme.

[ OE. ] [ Cancel ]

10. Go back to the worksheet, highlight col(C) and select Plot: Symbol: Scatter from the top menu.
This draws a scatter graph.

11. Click on the new plot to activate it and select Gadgets: Quick Fit: 9 My_Gauss to load the
theme. A ROI box will be added to the graph with parameters xc and FWHM displaying above the
ROI.
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12. Click the arrow button | *!to select Expand to Full Plot(s) Range from the fly-out menu to
expand the ROI box to the full plot range, and then select New Output from the fly-out menu
to output the result. You can see that our theme is applied as the label box on the graph only

reports the values of parameter "xc" and "FWHM".

I=| Graph? E@E|
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g - Wiizighting : Mo Wrsighting
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Error
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4.1.8 Quick Peaks Gadget
4.1.8.1 Summary

The Quick Peaks gadget can be used to pick peaks, subtract baseline, integrate the peaks and/or fit
peaks in a ROI (Region of Interest). It is also possible to use this tool in combination with the Peak
Analyzer. Please refer to this tutorial for details.

Minimum Origin Version Required: Origin 2015 SR1

4.1.8.2 What you will learn

This tutorial will show you how to:

e Find and subtract baseline for spectrum with the Quick Peaks gadget.
e Find peaks on the graph with the Quick Peaks gadget.

e Customize preference settings.

4.1.8.3 Steps

102


http://www.originlab.com/doc/Tutorials/Combine-QuickPeakGadget-PA

1. Create a new workbook by clicking the New Workbook button i

ity

Data Analysis

. Click the Import Single

ASCII button B and import the Zircon.dat file in the <Origin Folder>\Samples\Spectroscopy\

path. Both buttons are located on the Standard toolbar.

2. Highlight Col(B) and plot a line graph with the Line / button on the 2D Graphs Toolbar.

Select Gadgets: Quick Peaks from the main menu and open the Data Exploration:

addtool_quickpeaks dialog.

4. Onthe Baseline tab, set Mode to 2D Derivative, and then set Range to Full Plot Range. Click

OK to apply.

Data Exploration: addtool_guickpeaks

Dialog Theme | =

Dezcriptian

Place a rectangle onta the plot ko find peaks

o=
2

ROI Box | Baseline | Find Peak | Area | Gutputtn| Quantities|

Maximum Anchor Points

Connect Method

g8

Line -

Mode IEr‘u:I Derivative vl
Range @ Full Plot Range
1 Curve ‘Within ROI

El Smoothing Method

@) Adjacent-Averaging

1 Savitzky-Golay

Window Size 1

Threzhold Q.05

[

]9

l Cancel I

5. The peaks within the yellow ROI box will be found and marked. Resize the ROI box so that it

covers X range[0,7000] as shown in graph below, the baseline and peak finding need a further
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refinement.

A0000 - 8 peak(s ) found

]
v

35000 -
30000 S
25000 -

20000 S

15000 S

intensity (a.u.)

10000

5000

] 1000 2000 2000 4000 5000 G000 7000
wavenumber (cm™)

6. Click the triangle button |*Jand select Preference from the fly-out menu, so you can further adjust

the Smoothing Method in Baseline tab follows the graph:

. Quick Peaks Preferences @

Dialog Theme | = ﬂ

ROI Box | Baseline | Find Peak | Area | Dutputto| Quantities|

Mode [ 2nd Derwvative - ]

Range @ Full Plat B ange
(7 Curve Within BOI

[E] Smoothing Method
@ Adjacent-faveraging
(7 Savitzky-Galay
Window Size 1.5
Threshold 01

Maximum Anchor Points 15

Connect Method

spply | [ ok | [ Clese
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click Apply to apply, and further adjust the values in Find Peak tab:

' Quick Peaks Preferences @
Dialog Theme | = ﬂ

| ROI Box | Baseline | Find Peak | Area | CQutput to | Quantities

Direction
=l Peak Finding Settings
| b ethod [1st Derivative -
H Smoath Derivative
Method [Nu:une v]
[l Peak Filtering
Method
Threshald Height(%] 15 [ Auta
=] Peak Dizplay
Bl Peak Marker
Colar |:m
Size 10 -
(=] Peak Label
Label | of Peaks -|
Harizontal 0
Baze barker [
Tag Peak and Base as
Tag Info Worksheet Name [(kPeak]Tag

Apply 0Kk || Close

7. Click OK to apply the settings and close the dialog, the baseline and peaks finding are better than
before which can be attribute to the optimizing Threshold and Maximum Anchor Points for
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Baseline and Threshold Height% for Find peak:

10 peak(s) found

40000
30000 —
25000 —
20000 —

15000 S

intensity (a.u.)

10000

5000

Bl

1000

2000

3000 4000 5000
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6000

7000

Click the triangle button I*Jand select New Output from the fly-out menu to output the peak

finding results to a report worksheet.

Return to the gadget fly-out menu and select Go to Report Worksheet to view the quantities

output :

PeakID Peak Row

Peak 1 94
Peak 2 138
Peak 3 431
Peak 4 1077
Peak 5 1230
Peak & 1685
Peak 7 1858
Peak & 2470
Peak 9 3226
Peak 10 3250

Peak X

3553057
4401582
1005.199
2250.988
2546.044
3423.496
EFETA Y
4937.343
6395.264
G441.547

Peak¥

5883.32331
GE22.58143
9687.95699
8735.86589
937511743
7014.48113
724512389
12846.63008
16607.24058
36844 54608

Height

Peak Height from Baseline
4019.38518
457930486
T641.00995
G521.87313
7460 46176
3883.05102
3742 14765
G434 46253
395988794

24051.37853

Peak Area

105810.63852
212770.49866
26229212444
477231.3539
G86897.33207
160646.49519
3599653.10298
432380.73801
180348.37354
1.07438E6

FYWHM

31.85037 |
33.0693
31.93732
4919533
B7.03453
37.93742
153.43826
42 80633
27.24009

3718174 |

9. Activate the graph window to which the gadget was applied, click the triangle button |»Jand select
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Subtract Baseline, click OK for pop-up window, the baseline was subtract from the data:

Click cross button on the top left corner to close the gadget. The finished graph is shown like this:



Data Analysis
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Note: For advanced fitting options, you can combine Quick Peaks gadget with Peak Analyzer.

4.1.9 Quick Sigmoidal Fit Gadget

4.1.9.1 Summary

The Quick Sigmoidal Fit gadget can be used to quickly perform a sigmoidal fit on a portion of your
graph that you define interactively as your region of interest (ROI).

Minimum Origin Version Required: Origin 2015 SRO

4.1.9.2 What you will learn

e How to use the Quick Sigmoidal Fit gadget on a graph.
e How to select your fitting options.

e How to switch to the NLFit dialog.

e How to output the fitting result.

e How to find X/Y values on the fit curve.

4.1.9.3 Steps

This tutorial is associated with <Origin EXE Folder>\Samples\Tutorial Data.opj.
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Quick Fit

1. Open Tutorial Data.opj and browse to the Quick Sigmoidal Fit Gadget folder in Project
Explorer (PE).

2. Highlight Col(A) through Col(D) in the workbook DoseResponseN and from the menu

choose Plot:Symbol:Scatter to plot a scatter graph.

= Graph43
00 4
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] & -
20 % ] &
[ ]
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[= 0
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2 &
2 Y9 s
o
o
14 =
m{ 1
= Response 1
l * Responze 2
o4 & FResponse 3
T T T T T T
000000 000002 000004 000005 0000028 000010
Dose

3. Double-click the X axis to open Axis dialog. In the Scale tab, set the Type as Log10 and

click OK button to close the dialog.
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B | X Axis - Layer1 (23]

Scale | Tick Labels | Title | Grids. | Line and Ticks | Spedal Ticks: | Breaks |

From 1E-11

Horizontal To 1.1E-4

@I Type Loglll .

. Choose "Show at Specified Indices Onlp” from Tick Labels->Minor Tick Labels to
Vertical e .
show labels on specific minor ticks

Rescale Margin(3:) 8

Reverse [l

=] Major Ticks
Type lBy Increment -
Value T
First Tick

[E] Miner Ticks
-
Count I

Select multiple axes to customize together.

[ appyTo.. | [_oc | [ cancel | [ apoy |

4. Click the Rescale button Hto show the plot with the proper scale.
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5. Select Gadgets: Quick Sigmoidal Fit... from the main menu to open the
addtool_sigmoidal_fit dialog box. Select the function Logistic5 from the Function drop-

down list on the Settings tab.
(" Quick Sigmoidal Fit: addtool_sigmoidal,_fit (-2 [

Dialog Theme | = ﬂ

Description  |Place a rectangle onto the plot to do sigroidal fit

| Settings | ROI Box | Label Box | Report | Fit Curve | Parameters | Fit Control |

I Function [LDgisticE v] I

You can add your own sigmoidal function under Growth/Sigmoidal or
Pharmacology categoriez in Fitting Function Builder or Fitting
Function Organizer.

[ 0K ] [ Cancel ]

6. Click the ROI Box tab and uncheck the parameters x0, h, and s under the Parameter List
branch.
(" Quick Sigmoidal Fit: addtool_sigmoidal_fit IR

Dialog Theme | = ﬂ

Description  |Place a rectangle onto the plot to do sigroidal fit

| Settings @@ Label Box | Report | Fit Curve | Parameters | Fit Control |

B X Scale
Fram 3.77635004517962E-8
To 1.03413605233026E -5
Fixed [Prevent moving by ROl 0

[7] Show Tool Hame

Show Rectangle after Fit =

Significant Digits
Show on Center-Top of ROl Box
Furction

Reduced Chi-Sqr
Adj. B-Square

E Parameter List

Amiir
Amag

0

h

3

ECRO
Asymptote

4

Fill Color Auta

II EO000FEL;OOE

Fit Curve Color Wi -

(]S Cancel
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8.

Data Analysis

Click the Fit Curve tab, select Mean, SD from the Plot Type drop-down list and Source

Book, New Sheet from the Output Fit Curve To drop-down list.

Quick Sigmoidal Fit: addtool_sigmoidal_fit

[ER=)

Dialog Theme

Drezcription

E3

Place a rectangle onto the plot to do sigmeidal fit

N

Settings | ROIBox | Label Box | Report | Fit Curve | Parameters | Fit Control |

Range

Mumber Points

Range Margin [¥]

¥ Data Type [Use Source Graph Scale Type

1000

[Use Input D'ata Range + Margin

)

0

Output Fit Curve To [Snurce Boak, Mew Shest vl

l

J [ Cancel ]

Click OK to add the ROI box to the graph. At the top right corner of the ROI box, click the

Arrow button | *lto select Expand to the Full Plots Range from the menu. The ROI box will

cover the full data range on the graph.

= Graph43

Response 1

caEIaE FE
Fuacthn = Logktts _ » Responsze 1
Amin= g:.:;ajrlaégfng?sg.m + Responss 2
00 T3ET
m]:l MNew Qutput
F
&0 4 1
04 Change Data
Change Function
40 4
| Expand to Full Plot{s) Range
Fix ROI Position
20
! ¥ Show Asymptote
[
04 Switch to MLFit. ..
T T T T Find }{.l'\lr. n
1E8 1E7 1E-6 1E-5
Dose Save Theme...

Save as =default=
Load Theme

Preferences. ..

111



Tutorials for Origin

9. Click the arrow button E]again to select Preferences... from the menu. This opens the
Sigmodial Fit Preferences dialog box. In this dialog, click the Report tab and set Output To

as None.

Sigmoidal Fit Preferences &Iéj
Dialog Theme | = H

| ROI Box | Label Box | Feport | Fit Curve | FParameters | Fit Control |

Output To [Nnne v]
Significant Digits
Function
Date & Time
Input [ Plat Legend - ]
Dutput [ Plat Legend - ]
YWeighting
E quation [Equatiu:un itk M ames v]
Parameter Table [.-’-\-.II Pararneters v]
Show Error in Parameter Table
Reduced Chi-Saqr
Ad). B-5quare

[ Apply ] [ ] ] [ Cancel ]

10. Click OK to close the dialog box. Click the arrow button Mo select Change Function:
Logistic and change the fitting function to Logistic. The label text on top of the ROI box will

update automatically.
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El Graph43 =13
1 Concatenate Fit
Funetion = Logistic m  Response 1
Al = 338781, A2 = 85.488578 * Response 2
BECH0 = 34346367, ECAD = 1 DE405EG
100 ECED = 2 20B44E6 4 Response 3
] (X1
20 - Iﬁ
60
o i
[T1]
=
S 40
[Tx]
[k}
x i
204
0
AR | LR | T T T T T T T LR | T
168 1E-7 1E-6 1E-5 164
Doze

11. Click the arrow button [ *to select New Output and output the fitting result to the worksheet
and graph.
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Connect to NLFit

When using the Quick Sigmoidal Fit gadget you can easily switch to the NLFit tool. This makes it
easy to get a detailed fit report using the current fitting settings in the gadget.

1. Redo step 1 through step 8 as shown above.

2.

inherited settings.
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Click the arrow button [*)to select Switch to NLFit... to open the NLFit dialog with the
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Data Analysis

I NLFit (Logistic5)

Dialog Theme ﬂ

Settings | Code | Parameters | Bounds

Function CLl

Data Selection Category |Growtha’8igmoidal V|
E:;?i fiuwes Function Logistich w |
Advanced Description Five parameters logistic: function

Output

File Hame[ FDF] C:A\Program FileshOniginlabOriging0_1112294tfunchLogistich. fdf

&|B[E| s o] 5] () (oone ) (careel] 7

I NLFit (Logistic5) |Z| L

X

Dialog Theme ﬂ

Settings | Code | Parameters | Bounds|

Auta Parameter Initislization

Double click cells o change operator. Right click cells for mare option: The initial values of parameters come

NO. | Param | Meaning Fisxed| —vamE ]| | from the Quick Sigmoidal Fit tool Jper Conf Limits | Significant
1 Amin Lower Asymmetry O 764213 - = == — -- Systenr
1 Amax  Upper Asymmetry O 85,9624 - - -- -- Systenr
1 0 ¥ of Half v [0 |1.55741E6 - - - - Systanr
1 h Hill Slope: F 1.40558 - - - - Systerr
1 5 Control Factor ] 0.694.34 - - -- -- Systenr

£ Al

& B E| V|| o[o]s]s] 4] (e ) (oone ) (eareel] 3

Click the Fit button to perform curve fitting. The results are output to the result sheets and the

source graph.
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Find X/Y

With his gadget you can also quickly find X/Y values on the fitted curve.

1. Redo step 1 through step 8 as shown in the first section.

2. Click the arrow button [*)to select Find X/Y... from the menu to open the Find X/Y dialog.
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Find XY
Cutput b

(%) Script Window

%)

() Result Lag

) workshest Go

# Hange = [1E-8, 1E-4]
Y Ranage = [3. 92]

Enter zemicolon separated values to find multiple values

x| |

Y| |
Find ¥ Output

Select the Worksheet radio box and enter 40;45;50 for Y, then click Find X to show the
corresponding X values in the empty X box. Then, click the Output button and the X and Y

values are output to the specified worksheet.

Clutput bo
{3 Seript Window

() Result Lag

&) Worksheet | [Find="Result Go

# Hange = [1E-8, 1E-4]
Y Ranage = [3. 92]

E nter zemicolon separated values to find multiple values

e |?‘.953EI4E-?;EI.E4EISEE-?;1 21396 |

W |4n;45;50 |

[ Find & l [ Cutput ] Cloze

Click the Go button beside the Worksheet radio box to open the Find X/Y workbook. Click
the Close button to close the Find X/Y dialog.
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4.1.10 Using Multiple Gadgets
4.1.10.1 Summary

Multiple gadgets can be used in combination to achieve certain goals. To avoid overlapping of
several gadget windows over same plot, we can arrange them into different layers to layout them
onto different panels. The results from all other gadgets can be eventually added to the last gadget
window and kept updated at each new output. In this tutorial, we will illustrate an example to show
how we can combine the use of Quick Peaks, Quick Fit and Intersect gadgets to find the
intersection point between the baseline and slope of a curve.

Minimum Origin Version Required: Origin 2016 SRO

4.1.10.2 What you will learn

This tutorial will show you:

¢ how to simultaneously use multiple gadgets to analyze same data.
e how to output Gadget analyzed results onto a specific graph and keep them updated.

¢ how to find the intersection point of baseline with the linear fitting of a curve.

4.1.10.3 Create a layout for multiple gadget windows

Start with a new workbook and import the file \Samples\Curve Fitting\Gaussian.dat.

2. To avoid overlapping the gadgets in one graph, we are going to prepare a multi-layer graph as
shown below with same data in each layer.

3. Click and select the second column and use the menu item Plot:Multi-Curve:4 Panel to create a

4 panel plot.
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Note: To make the explanation of following steps more clear, we marked above figure with
blue font to help you distinguish the layers in the graph.

4. Go back to the workbook, select the Amplitude column, and position the cursor at the edge of

=
the column, until you see the cursor turn into . Then you can drag-and-drop the column into
layer 2 on the graph page and click OK to close the appeared dialog box. Do it again to add the
plot to layer 3 in the panel, and then click the bottom right area to select the unwanted layer 4 and

use the Delete key on the keyboard to delete it.
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4.1.104 Using Quick Peaks gadget to find baseline
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Select Gadgets:Quick Peaks from the Origin menu when layer 1 is active to bring up the Data
Exploration:addtool_quickpeaks dialog box. According to the lineshape of this curve, spline
connection would be a better choice for fitting the baseline. To do so, go to the Baseline tab,

choose Spline in the Connect Method drop-down list to connect anchor points with spline
method.
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Quick Peaks: addtcol_quickpeaks &Ié]

Dialog Theme | = H

Cescription | Place a rectangle onto the plat to find peaks

ROI Box ((Baselin)| Find Peak | Area | Output to | Quantities |

Mode [End Derivative v]

Range ) Full Plat Range
@ Curve Within BOI

E Smoothing Method
@ Adjacent-dwveraging
(71 Savitzky-Golay
YWindow Size 1
Threzhold 0.05

M aximum Anchor Points 3

Connect Method

[ ak, ] [ Cancel

2. Since we do not want to create new columns in the source sheet to save baseline data at every
new output, we can save the result to a new workbook and the newly created baseline data will
replace existing data instead. To do so, go to Output to tab, uncheck the Append to Worksheet
box and check the Output Baseline to Worksheet to output baseline data into a new book

QkPeak with sheet name as Baseline.
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Quick Peaks: addicol_quickpeaks &I&J

Dialog Theme | = ﬂ

Description  |Place a rectangle onto the plot to find peaks

ROI Box | Baseline | Find Peak |Area tGutputtn* Quantities |

Scnpt Window [}
Rezult Log [
Append to Worksheet |

Tag Info Worksheet Hame [GkPeak]Tag

Baszehne Worksheet Hame [QkPeak B azeline

[ Ok J [ Cancel ]

3. Click OK to close the dialog box. Place the mouse cursor over the edge of the Region of Interest

(ROI), when the cursor turns into a double arrow icon, you can resize the box as needed.
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4. Click the triangle button IIIat the top right corner of the ROI to open the fly-out menu and choose

New Output(O) to output baseline data.
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4.1.10.5
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Mew Cutput (O

Mew Cutput for All Curves (M)
Mew Cutput for All Layers (L)
Subtract Baseline

Tag Peaks
Fit Peaks

Switch to Peak Analyzer...

Update Cutput

Go to Report Worksheet

Change Data
Expand to Full Plot(s] Range
Fix ROI Position

Save Theme...
Save as <default=
Load Theme

Preferences...

Using Quick Fit to find the linear fit of the curve

1. Activate the second layer by clicking on the layer icon _Ion the top left corner of the graph or
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directly click on the plotting area of top right panel.

Select Gadgets:Quick Fit:Linear(System) from the Origin menu to bring up the Quick Fit ROI,

and adjust the position and range of appeared ROI properly to perform linear fitting over the left

half of the peak envelope.
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Click the triangle button IIIat the top right corner of the ROI to open the fly-out menu and choose
Preferences to customize Quick Fit Preferences dialog box.

Since we do not need other unnecessary output about this linear fitting, we can go to the Label
Box tab, uncheck Add Label Box to Graph.
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Quick Fit Preferences liléj

Dislag Theme || jnear [Spztem] = ﬂ

Settings | Rolsox@el @Report | Fit Curve

Add Label Box to Graph I
Significant Digits Syztem
Function
Date & Time
Input Mone
Range Maone
Dutput Mone
Add Legend Symbols
Weighting
Equation E quatior with Mames
Parameter Table Al Parameters
Show Ermor in Parameter Table
Reduced Chi-Sqr
R-5quare
Pearzon's r
Apply ] [ k., J [ Cancel

5. For the same purpose, to avoid outputting summary report we can go to the Report tab, choose

None in the Output To drop down list and click OK to close the dialog box.
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r—Quinzlc; Fit Preferences I. ? i&r
Dislag Theme || jnea [Syztem] * H
| Settings | ROI Box | Label an@ Fit Curve |

Output To [Nnne v]
Significant Digits
Function
Date & Time
Input [ Plat Legend - ]
Output [ Flot Legend - ]
Weighting
E quation [Equatiu:un with M ames v]
Parameter Table [.ﬁ.ll Pararneters v]
Show Error in Parameter Tahle
Reduced Chi-5qr
R-Square
Pearzon'sz 1

[ Apply ] [ k. ] [ Cancel ]

6. Return to the triangle button IIIat the top right corner of the ROI, choose New Output(O) to

output linearly fitted results to worksheet.

4.1.10.6 Using Intersect gadget to find intersection point

1. Before we apply the Intersect gadget, the first step to do is to add the fitted baseline and linearly
fitted line from last two gadgets to the third plot. To do so, click on the layer icon _Ion the top left

corner to activate layer 3. Right click on the layer icon _Ito choose Layer Contents to bring up

Layer Contents-Layer 3 window. Select the data with long name QuickFit Y1 and Baseline Y

of Amplitude and add them to the right panel through the right arrow icon ﬂ
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-
i Layer Contents: Add, Remove, Group, Order Plots - Layer3

[W’lesheets in Folder ']

U2 VS (T Graup |Ungrnup| 1+ | + | Fiescale on Apply
Sheet Long Marme
G . A gl'l 3 | Sheet |Lnng MName Plat Type
aussian mplitude
Gaussian En; Gaussian Amplitude Line
Baseline Baseline ' of Am| Line

Gauszszian QuickFit Y1

Gauszian QuickFit Y1

Baszeline Baszeline ¥ of Amplitude
Tag Peak v
Tag

Tag
Sheetl

Sheet

L Add selected dataset to
current layer
Sheet]

_ [La_l,ler Properties. .. l [F'Iot Setup...l | Apply | I Cloze ] [ Eancell

2. Click OK to close the window and the fitted baseline and linear line will display in the third layer.

128

£ Grapht o O ==
s
B e T g Ao
= 4 = [— Linear P ol nomial AR of “Am plbude”
| 4 = 4
g g
ol ol
g g
A o 4
I N A
u " n a - = a = - =
10 - AmpRude Cramnel
—— Linear Polynom &l FEof “Ampiiude”
Eazselne Y of Ampiltude
-
=8
]
N AW o,
a 2 II:I =,
Cramnel




Data Analysis

3. Select Gadgets:Intersect from the Origin menu when layer 3 is active to bring up the Data
Exploration:addtool_curve_intersect dialog box. Click OK to close the dialog box and it will
bring up Intersect Gadget ROI.

Data Exploration: addtocl_curve_intersect @

Dialog Theme ﬂ

Ceszcrption  |Place a rectangle on bwo plats bo perfarm
intersection.

| ROIBox | Options | QutputTo |

[l Shape Position

K1

2 46
Y1 12
Y2 78

[ Show Tool Hame

Fill Color Aute w ‘

Ok ] I Cancel I

4. Position and resize the ROI properly to have the intersection point between baseline and slope

inside the box. To exclude other intersection points with the original curve, go to the triangle

button Elat the top right corner of the ROI and uncheck Plot(1) Amplitude from the context
menu of Change Data.
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Plot(2] Linear Polynomial Fit of “Amplitude”

Plot3] Baseline ¥ of Amplitude

All Plots
Select...
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Go to Report Worksheet
N Tag Points

Change Data
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Save Theme...
Save as <default=
Load Theme

Preferences...

Return to the triangle button Izlat the top right corner of the ROI, choose New Output(O) to

output the result of intersection point between baseline and linearly fitted line.
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4.1.10.7 Update the output

1. Click on the layer icon _Ito activate layer 1, reposition Quick Peaks ROI to create a new

baseline. Then go to the triangle button IIIat the top right corner of the ROI, choose New

Output(O) to output the newly created baseline.

2. Click on the layer icon _|to activate layer 2, reposition Quick Fit ROI to the other side of the

curve so it will create a new linear fit line. Then go to the triangle button Izlat the top right corner

of the ROI, choose Update Last Output(O) to output linearly fitted line result.

3. Click on the layer icon _Ito activate layer 3, reposition Intersect ROI to have the intersection

point between newly created baseline and linearly fitted line inside the box. Then go to the
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triangle button Izlat the top right corner of the ROI, choose New Output(O) to output the result of
new intersection point.
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4.2 Curve Fitting

4.2.1 Linear and Polynomial Fitting

e Linear Fitting and Outlier Removal

e Linear Fit for Kinetic Models

4.2.1.1 Linear Fitting and Outlier Removal

Summary
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Data Analysis

An outlier is typically described as a data point or observation in a collection of data points that is
"very distant" from the other points and thus could be due to, for example, some fault in the
measurement procedure. Identification and removal of outliers is often controversial, and is typically
"more acceptable” in situations where the model used to describe the data is well known and well
accepted.

What you will learn
This tutorial will show you how to:

e Perform linear regression on a set of data points
o Examine the Residuals Table in the output and "identify" outliers
o Use the Masking Tool to remove the outlier points

o Use the Recalculation mechanism to automatically update the result after outlier removal

The procedure described in this tutorial is also applicable to other fitting tools such as Polynomial and
Nonlinear Fitting

Steps

Start with a new workbook and import the file \Samples\Curve Fitting\Outlier.dat.

2. Click and select the second column and use the menu item Plot: Symbol: Scatter to create a
scatter plot.

3. With the graph active, use the menu item Analysis: Fitting: Linear Fit... to bring up the Linear
Fit dialog. Note that if you have used the Linear Fit dialog before, there will be a fly-out menu and

you need to select the Open Dialog... sub menu.
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4,

5.

6.
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In the Fit Control tab, clear the Apparent Fit check box.

Linear Fit l ? ﬂhj
Dialog Theme | = ﬂ

Description  |Perform Linear Fitting

Recalculate | pManual -

| Input | Fit Control | Quantities | Residual Analysis | Output | Fitted Curves Plot | Find /Y | Residual Plots

Emrors as wWeight |nztrumental
Fix Intercept =
Fix Intercept at 1]
Fix Slope [
Fix Slope at 1
Uze Reduced Chi-5qr
Apparent Fit m
Invalid Weight Data Treatment | Treat az [nvalid -
OF. ] [ Cancel

In the Residual Analysis tab in the dialog, and check the Standardized check box.

| Input | Fit Control | Quantities || Residual Analysis | Output | Fitted Curves Plot | Find X/¥ | Residual Plots |

Regular
Standardized
Studentized [l

Studentized Deleted [ |

Change the Recalculate drop-down at the top of the dialog to Auto and press the OK button at

the bottom of the dialog. The dialog will close and linear regression will be performed on the data.

Linear Fit LB [
Dialog Theme | = ﬂ

Description  |Perform Linear Fitting

Recalculate '
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7. Select the FitLinearCurvel result sheet in the data workbook and scroll to the right side to view

the Standardized Residual column. You will note that the value in row 6 of this column is -

2.548809:
&3] Outlier - Qutlierdat * ===
A1) @) BY1) & C2) &| D(2) @& E(Y2) @
Long Mame | Independent Var Linear Fit of Qutlier| Independent Var Regular Residual Standardized Res
Units
Comments
Parameters Fitted Curves Plot
1 0749 1.43673 0749 0.23327 013281
2 079813 1.44455 216 0.08563 0.04875
3 0.80626 1.45236 256 1.08092 0.615349
4 0.81438 1.46018 357 0.28951 016483
082251 1468 443 -0.14762 -0.08404
; ] 0.83064 1.47582 5.23 -4 47705 —2.548@
7 0.83877 1.48363 5.55 -0.31482 -0.17923
a 0.8469 1.49145 G.06 0.44467 0.25316
g 0.85503 1.49827 6.67 241798 1.37662
10 0.86315 1.50709 7.61 048391 02755 |
<[ » [\ Outlier £ FitLinear! AFitLinearCurvel /f ||« [m b

8. Make the graph active and then click and hold down the mouse left button on the "Regional Mask
Tool" button in the Tools toolbar. Select the "Masked Points on Active Plot" submenu which will
be the first item in the fly-out menu:

on Ackive Plot
f{: Mask Poinks on All Ploks
fﬁ-‘i Unmask Paints on Active Plak

ﬁ Unmask Points on All Plots

EE:'- 38!1- i

L\ L\, q

9. With the above submenu selected, go to the graph and click on the 6th data point to mask the

point (note that you can drag out a rectangle around the point).

135



Tutorials for Origin

10 S
m Y [ |
Linear Fit of Outlier B"Y" _/.
8
= EJrlglnal results 1
B Equation y=a+b*x
> B Plot Y
] Weight Mo Weighting
4 m ¥ Interce pt 067692 £12218
Slope 096178 £ 0 2262
Residual Sum of Squar 27.76664
2 Pearson'sr 0.81707
T ,/ R-Square(COD) 0.6676
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Masking this point changes the input data to the linear fit operation and the auto update
mechanism will trigger. The linear fit will be repeated with this particular masked point left out.
The fit curve in the graph and the parameters table will automatically update. The resulting graph
should look like this:
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4.2.1.2 Linear Fit for Kinetic Models

Summary

Non-linear kinetic models are widely used across many disciplines of natural science, such as,
physics, chemistry, biology. Experimentally, all the crucial parameters in kinetic models are obtained
through fitting the raw data. The intuitive way to fit the raw data is to do a non-linear fit with the
expression directly from the kinetic equation. Alternatively, linear fit can be applied if we can
transform the equation in the way that the dependent variable related to independent variable linearly.
Minimum Origin Version Required: Origin 2015
What you will learn

This tutorial will show you how to:

e Perform linear fit on same non-linear kinetic model using different linear transformations.

e Perform apparent linear fit on non-linear kinetic models.

Linear fit for Langmuir model

Identify transformed independent and dependent variables
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Langmuir model is described by the non-linear equation below:

ym= K =xr
Y= —

1+ K=#x

where ym, K are the parameters we want to obtain through fitting.
To perform linear fit on Langmuir model, we can transform it into linear equation in two different ways:

1.

Transform it into traditional linear Langmuir equation:

1y N
y=——— LI
O I

where the independent variable is y/x, dependent variable is y, slope is -1/K and intercept is ym.

Transform it into double reciprocal linear Langmuir equation:

1 111
- = =+

] ym=#*=RKr ym

where the independent variable is 1/x, dependent variable is 1/y, slope is 1/(ym*K) and intercept

is 1/ym.

Create new independent and dependent variable data

1.
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Open a new workbook.

ity
Click the Import Single ASCII button = o bring up the Open dialog. Browse to \Samples\Curve

Fitting folder and select the file LangmuirModel.dat. Make sure the Show Options Dialog: check
box is selected and click OK to open the impASC dialog. Select No from Add Sparklines drop-
down list under Import Options node and click OK to finish importing.

Use Ctrl+D to bring up Add New Columns dialog, enter 4 and click OK to add 4 columns to store
transformed XY dataset later.

For traditional linear Langmuir model transformation, the independent variable is now y/x and
dependent variable is still y. Type y/x and y as the long name for column C and D respectively so
that it will show as X axis title, Y axis title respectively in later plot.

Type Col(B)/Col(A) in F(x) = formula cell in column C to set the value for independent variable
y/x, and press ENTER. Highlight column C, right click and select Set As:X to make it as the
default X dataset for plotting column D.

Type Col(B) in F(x) = formula cell in column D to set the value for dependent variable y, and
press ENTER.
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7. For double reciprocal linear Langmuir model transformation, the independent variable is 1/x and

dependent variable is 1/y. Similarly, make the long name of column E, F as 1/x, 1/y, respectively,

and set their column values as 1/Col(A) and 1/Col(B) accordingly. Set column E designation as X.

8. The worksheet is then as following:

e

% LangmuirMedel - LangmuirfModel.dat EI@
AQK1) B(Y1) ce2) B prz®) Epe)®  Frya & -
Long Mame X ¥ Y ¥ 1 1y !
Units r
Comments

Flx)= Col(BNCol(A)  ColiB) | A/Col{A) = 1/Col(B)
1 0.1 0.939149 939192  0.939149 10 1.06474
2 012 112371 936425 | 112371 8.33333 0.88991
3 014 1.14885 8.20608  1.14885 7142386 0.87044
4 016 1.40556 8.78476 | 1.405586 G.25 0.71146
5 018 1.35436 7.5242 | 135436 5 55556 0.73836
i 0z 146774 7.33868 | 146774 5 0.68132
i 0.22 1.60306 7.28662  1.603086 4 54545 0.62381
8 024 1.64339 6.84954  1.64389 4 16667 0.60831
g 0.26 173117 6.659836 173117 384615 0.57764
10 0.28 1.88119 6.71852  1.88119 357143 0.53158
11 0.3 1.76906 589686  1.76906 333333 0.56527
12 0.32 1.76835 552611 1.76835 3125 0.5655

13 0.34 1.91588 563494  1.91588 2841138 052195 | —

|« [ » ]\ LangmuirModel / || « i M

-

Linear fit on transformed linear data

1. First, we will perform linear fitting on traditional linear Langmuir transformation. Highlight column

D and select Plot:Symbol:Scatter to make a scatter plot.

2. To perform linear fitting, select Analysis:Fitting:Linear Fit:Open Dialog to bring up the Linear

Fit dialog box and click OK to close dialog. In the appeared prompt, choose No and click OK.
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D
50 I— Linear Fit of LangmuirModel D
' Equation y=a+ b
Plaot O
Weight Mo Weighting
Intercept 30053 £ 0.0257
2.5 1 Slope -0.20384 + 0.005
Residual Sumof Squ 0.40665
Pearsom'sr -0.8804
F-Square{COoD) 0.96118
2.0 1 Adj. R-Square 0.96046
(]
1.5 4
1.0
[ |
T | T | T | T | T T 1
0 2 4 (5] 8 10

ViX

3. Similarly, to perform linear fit on double reciprocal linear Langmuir transformation, highlight

column F follow the steps above to create a scatter plot and then do a linear fit.
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-1 | Equation y=a+ by m 1y
11 J|Plct 1 —— Linear Fit of LangmuirModel F™ 14"
| [ Weight Mo Weighting m
104 Intercept 0.32893 £ 0.00346
’ Slope 0.06991 £0.00115
| | Residual Sum of Squares 0.01553
0.9 - Pearson'sr 0.09283 = m
1| R-Square(CoD) 0.83565
0.8 |Ad. R-Square 0.98538
— 0.7 H [
0.6 - u
[ |
= |
0.5 4 %
0.4 4
D'S I I T T I T
0 2 4 6 8 10
1/x

The coefficients in Langmuir model are then can be calculated using corresponding slope and
intercept expressions.

Apparent linear fit on original non-linear data

Alternatively, we can use apparent linear fit to directly perform linear fit on raw non-linear kinetic data
by customizing only the axis scales. Take Langmuir kinetic model for example, based on double
reciprocal Langmuir linear transformation we found that the inverse of original dependent variable 1/y
is in linear relationship with the inverse of original independent variable 1/x. Therefore, if set the X
scale as 1/x and set the Y scale as 1/y, raw Langmuir kinetic data would appear with linearity.

1. To perform apparent linear fit on Langmuir kinetic raw data, highlight column B and select

Plot:Symbol:Scatter to make a non-linear scatter plot.
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2. Double click on the X axis to bring up Axis dialog, set From as 0.08 and To as 3. Then select
Custom Formula from the Type drop-down list and input 1/x as the Direct Formula and 1/x as
the Inverse Formula. Choose Fixed From in the Rescale drop-down list. Click OK to close the

dialog.
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| Scalle | TickLabels | Title | Grids | Line and Ticks | Specil Ticks | Breaks |

From n.0s W
To 3
Type Custom Formula -

Use x to represent the variable.
Example: Direct Formula: ®x=x-4; Inverse Formula: sqri[x+4]

Vertical

Direct Formula 1/

Inverse Farmula 1/

Rescale Fixed From -

Rescale Margin(%z) &

m

Reverse

[E] Major Ticks
Type |By Increment -
Value 05
First Tick

=] Minor Ticks
e
Count 1

Select multiple axes to customize together,

appiyTo.. | [ o | [ cancel | [ apply

3. As can be see from the plot, the default X axis ticks are not well separated. To make the ticks of
X axis display reasonably, we will create a dataset to set the positions of ticks. To do so, activate
LangmuirModel worksheet and use Ctrl+D to add one more column. Enter dataset 0.1, 0.15, 0.2,
0.3,0.4,0.7, 1, 3 in newly added column G.

4. To use column G as major tick positions for X axis, double click on the X axis to bring up Axis
dialog. Then go to Major Ticks node choose By Custom Positions from Type drop-down list

and choose [LangmuirModel]LangmuirModel!G from the Dataset drop-down list.
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i '
B X fus - Layer 1 M

I Scale | Tick Labels | Title | Grids | Line and Ticks | Spedial Ticks | Breaks |

From 0.2 Wl
To 3
Type Cuztom Formula -

Usze x to reprezent the vanable.
Example: Direct Formula: x*x-4; Inverze Formula: sqrt[x+4]

Direct Formula 14

m

Inverse Formula 14

e

Rescale Margin(®s) &

Reverse [l
B Major Ticks
Type [El},r Custom Positions -
Position [LangmuirModel]LangmuirModel! G || —

Enter space-separated position values OR zelect a datazet
from drop-down.

FirstTick |

< | ] | 3

Select multiple axes to customize together.

[ eepyTo.. | [ ok | [ cancel | [ apoly |

5. Click Vertical icon on left panel, similarly, choose Custom Formula from Type drop-down list
and input 1/x in both Direct Formula and Inverse Formula boxes. Click OK to close the dialog
box.
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| Scale | Tick Labels | Title | Grids | Line and Ticks | Special Ticks | Breaks |

From 0.75
Horizontal To K]
Type Custom Formula -
Vericsl Usze x to reprezent the variable.
Example: Direct Formula: x*x-4; Inverse Formula: sqri[x+4]
Direct Formula 144
Inverse Formula

Rescale Mormal -

Rescale Margin{%:) 8

Reverse
El Major Ticks
Type |By Increment -
Value 0.5
First Tick
E Minor Ticks
Type
Count 1

Select multiple axes to customize together.,

[ ApplyTo.. | [ ok ][ cancel | [ aply |

6. To perform apparent linear fit, select Analysis:Fitting:Linear Fit:Open Dialog to bring up the
Linear Fit dialog box. In the Fit Control tab, we can see that by default the Apparent Fit box is

checked.
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146

i ™y

Dizlog Therme | |ﬂ

Description  [Perform Linear Fitting

Recalculate | panual -

| Input | Fit Control | Quantities | Residual Analysis | Output | Fitted Curves Plot | Find %/ | Residual Plots

Errors as Weight | |ngtrurmental - |

Fix Intercept

Fix Intercept at |EI |

Fix Slope

Fix Slope at |'I |

Scale Error with sqit{Reduced Chi-Sqr] ||

Apparent Fit

Invalid Weight Data Treatment [Treat as |nvalid v]

l ] I[ Cancel
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7. Click OK to close dialog and choose No radio box in the prompt, then click OK to close it.

3 -
2h 4 By
1|— Linear Fit of LangmuirM odel B"y"
7
1.5
|
Equation y=a+b"x
=
n Plot b
Weight Mo Weighting
1 4 Intercept 0.32893 £ 0.003
- Slope 0.06991 + 0.001
Residual Sum of Squa 0.01553
Pearson'sr 09928
R-Square(COD) 0.98565
Adj. R-Square 0.98538
I I T I I T 1
01 015 0.2 0304 071 3
X

Solutions for other non-linear kinetic models
Freudlich equation

The non-linear kinetic equation for Freudlich model is as below:

inly) = (k) + )

n
where the independent variable is In(x), dependent variable is In(y), slope is 1/n and intercept is In(K),
K and n are the coefficients to be determined.

Apparent linear fit is recommended since Ln scale is a build-in scale setting. To fit this non-linear
kinetic model, use apparent fit with X and Y axis scales both set to be Ln scales.

Alternatively, you can perform linear fit after you calculate the Ln value of both X and Y dataset. See
the example of Langmuir model above for details.

Lagergren's pseudo-first order

The non-linear kinetic equation for Lagergren's pseudo-first oder model is as below:
t} _ Ff)ﬂl:qr_f”;' —ky®x
2.303
where the independent variable is x, dependent variable is l09(ge cop — -U;', slope is —k1/2.303

and intercept is log(qe 5it)/ 2'3[}3, Ge.exp is known constant, — %1 and Ye. fit are the coefficients to
be determined.

'r”.'r.lr[ffr LEED T
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Apparent linear fit is recommended since Log scale is a build-in scale setting. To fit this non-linear
kinetic model, first calculate Ye.exp — ¥ and then use apparent fit with only Y axis scale set to be Log
scale.

Alternatively, you can firstly calculate Log(de cxp — ¥) and use this newly created data to do linear
fit directly. Refer to the example of Langmuir model above for details.

Ho's pseudo-second order

The non-linear kinetic equation for Freudlich model is as below:

T 1 T

Y '{1'2%2 L
where tge independent variable is x, dependent variable is x/y, slope is 1.f'fffrand intercept is
1."'Il['|['.2ffr ;' k2 and 4 are the coefficients to be determined.

To linearly fit this model, you have to firstly calculate x/y and use this newly created data to perform
linear fit.

Alternatively, we can transform this equation into the form below:

1 1 1 1

) B '{"Zf!'rz £ e
i 2
\{vhere the independent variable is 1/x, dependent variable is 1/y, slope is 1.*' [’{' 24, ;'and intercept is
/e,

For this transformation, we can either perform linear fit once we created new independent variable
data as 1/x and new dependent variable data as 1/y. Or we can perform apparent linear fit by set both
X and Y axis scales as 1/x scale. Please refer to Langmuir model for more details.

4.2.2 Nonlinear Fitting

e Nonlinear Curve Fit Tool

e Nonlinear Fitting with System Function

e Global Fitting with Parameter Sharing

e Global Fit for Different Functions with Shared Parameters

e Parameters Initialization using LabTalk in NLFit

e User Defined Fitting Function

e Fitting One Dataset as a Function of Other Datasets

e Fitting With Multiple Independent Variables

e User Defined Fitting Function using GNU Scientific Library
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Data Analysis

e Fitting with NAG Special Function

e Fitting Integral Function with parametric limit using NAG Library

e Fitting with Integral using NAG Library

e Fitting with Integral using LabTalk Function

e Fitting with Two Integrals using LabTalk Function

e Fitting with Summation

e Fitting Complex Function

e Fitting with Convolution

e Quoting Built-in Functions in Your New Function

e Fit Function with Non-constant Background

e Fitting with Piecewise Functions

e Fit Curve Through Certain Points

e Distribution Fit with the Probability Density Function and Cumulative Distribution Function

e Fitting Integral Function with a Sharp Peak

e Fitting with a Piecewise Linear Function

e Fitting with an Ordinary Differential Equation

e Fitting with Convolution of Two Functions

e Parameter Initialization for Rational Functions

e Surface Fitting with Multiple Peaks

e Nonlinear Multiple Variables Fitting

e Modifying Derived Parameters in Build-in Functions

e Fit Multiple Datasets by Fitting One and then Using Those Fit Parameters for Other Datasets

e Implicit Fitting with Three Variables

e Nonlinear fitting using Orthogonal Distance Regression

4.2.2.1 Nonlinear Curve Fit Tool
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Summary

Nonlinear fitting in Origin is performed using the NonLinear Fitting (NLFit) dialog box. The NLFit tool
contains more than 200 built-in fitting functions used in many different disciplines.

Minimum Origin Version Required: 8.5
What you will learn

e How to fit with a built-in fitting function.
e How to change NLFit setting using Recalculate.

e How to define and fit with a user-defined function.

Use a built-in function to fit the data

1. Click File:Open... to open the Intro_to_Nonlinear Curve Fit Tool.opj from the \Samples\Curve
Fitting folder and select the Built-In Function folder from the Project Explorer window.

2. With the Graph1l active, select the menu item Analysis: Fitting: Nonlinear Curve Fit to bring up
the NLFit dialog, and then select Gauss from the Function drop-down list:

M NLFit (Gauss) [[=1E3]

Dialog Theme ﬂ

Settings | Code | Parameters | Bounds|

Function Selectio
Data Selection Category | Oiigin Basic Functions |

Fitted Curves Function
Fird %y -
Advanced Iteration Algorithm

Output

Description Area verzion of Gauszian Function

File Mame[.FDF] L:\Program FilessOriginLabh Origin3\fitfuncyG auss. fdf

f@a||ﬂ| E; ﬁ|m§)|f|ﬁ.|fﬂ.| [ Fit ” Done ][Eancel]ﬁ

3. Inthe Parameter tab, initial parameter values are automatically assigned, because the built-in
functions have parameter initialization code.
If you go to the Residual tab, you can see the current residuals and decide whether the current fit

results are acceptable.
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M NLFit (Gauss)

Data Analysis

Dialog Theme

| Settings | Code | Parameters |Bounds|

(Auto Parameter Initialization

Double click cells to change operatar. Right click cells for more options. Drag column header to change column orders.

MO. | Faram | Meaning |Fixedl/ WValue \{ Ermor | Dependency | Lower Conf Limitz | Upper Conf Limitz | Significant Digits
Il offset  [] 5.50333 - - - - Systemn
WO center [d] 26 Syztem

1 1w width O 8.BERER Systern

1 A area [d] 76 41667 Syztem

& B E| 1 a] B|o|f]s]s]

L Fit ” Done ][Cancel] LI

=

— ——
HBSIdUﬁ'} Formula | Sample Curve | Messages | Function File | Hints |

1
= Regiiar Reskial

o9 L]

B4

o] e
T 5] =" .
o L] L
i PR T Ll .
& =
g5 "W Wt
7 "
Z o]

] -

-
N
D e A MR M
A

Am it de
_ —— FHCame 1
100
=0
a &0 o
b=
2 ]
=
£ o
=4
o
T T T T T T
[x]} {x] 0 30 40 =0
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5. Click the Fit until converged button E.To see if the fitting operation was successful, click the

Messages tab and note the number of iterations, reduced chi-sqr value, R*2 value, etc.

B NLFit (Gauss) |;H:E|

Dialog Theme ﬂ

| Settings | Code | Parameters | Bounds|

Auto Parameter Initialization

Double click cells ta change operator. Right click. cells for mare aptions. Drag column header to change colurnn arders.

NO. | Param | Meaning Fixed|  Value Enor | Dependency | Lower Conf Limits | Upper Conf Limits | Significant Digits
1 y0 offset [ 534198 058341 054074 - - Spstem ()
1 we ceter  [] 249088  00B6EE  1.07285E-11 - - Spstem (vl
1 W widh [ 1016963 0252 052123 - - Spstem ()
1 siea [ 99490204 2145075 069383 - - Spstem )

Etag?[;;:ﬁzd. Chi-Sar tolerance value of 1E-3 @Egﬂﬂﬂﬂﬂﬂ ﬁ

| Residual | Formula | Sample Curve | Messages |Function File | Hints |

(1) Parameter Initialization was called.
] ---—--Levenberg-Marquardt-——-
Feduced Chi-sgr = 781572174469
COD[R"2) = 0.98966112634176
Iterations Performed =5
Total Iterations in Session = &
~[3] Fit converged. Chi-Sar tolerance value of 1E-3 was ieached.

6. Click the OK button. The FitNL1 report sheet is created with fit results including parameter values
and fit statistics.

=% Gaussian - Gaussian. dat

& 1 = Monfinear Curve Fif (Gauss) (6712012 01:32:43,

< Mofes x|

Inout Data =l

- Parameters x|
-

T

1 Yalue Standard Errnr\

¥0 5341498 058341

HE 249089 0.08EEG H
w10 16969 020452
Amplitude A 98490204 21.450748
sigma H. 08485 010226
1l FiiHM  11.8739 0.24081
Height 77.27256 1.21284

Feduced Chi-sqr = 781572174469

CODCR2) = 098366 112534176

fterations Performed = &

Total kerations in Session = §

Fit converged. Chi-=qr tolerance value of 1E-9 was reached.
%ma, FurHM, Height are derved parametens).

- Siafisfics x| ’

| [ ifide 1 -
4| » [\ 5aussian }FitNL1 £FithLCurver / [(_ | >
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Reopen the Nonlinear Curve Fitting dialog by clicking on the green lock icon on the upper left

corner of the graph and selecting Change Parameters.

= Graph1

amp It de
Gani: FRoTGan

#

Recalculate

Change Parameters. .. h
Delete

Go ko Source ; 7
G0 ko Resulks
Plak Input Daka with Data Markers

v Recalculate Mode: Manual
Recalculake Mode: Auto

Recalculate Made: Mone

Shiows InFo (FitML)

Repeat this analysis to all Plots —T——

Chanee |

Go to the Parameters tab, change the value of xc to 25 (note that by double-clicking in the cell,

you can edit the value) and select the Fixed check box.

B NLFit (Gauss)* - o)X
Dialog Theme -« ﬂ
| Settings || Code | Parameters |Bounds|

Auto Parameter |nitialization

Double click cells ta change operator. Right click cells for mare options. Drag column header to change colurnn orders.

MO, | Faram | Meaning |Fixed| Walle | Ermor | Dependency | Lower Conf Limits | Upper Conf Limits | Significant Digits

1 vl offset 5.34192 Spstern (%]

uo center  [v] ! 2B I - - - - Systern (V]
1 W width L 10.16353 - - - - Spstern (%]
1 & area [ 98490204 Spstern (W]

ﬁlEI Elﬁl ﬂlﬂlﬂilil L Fit ” Done ][Cancel] éll

Once again, click the Fit until converged button Eland then OK.
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10. In the report sheet, you can see that fixing the value of xc to 25 results in a Standard Error of 0.

=2 Gaussian - Gaussian. dat E][E|E|
.S

@, 1:= Nonlinear Curve Fif (Gauss) (6/11/2012 07:47:49,
+ Nofes j

# input Data ~|

- Parameters |

YValue Standard Errar

y(l 534628 0.58432

I e 24 ]

w 1016854 0.20486

Amplitude A U84 FBEZA 21.48327
sigma A.08427 010243

— FwHRM  11.8972455 02411
Height 77.26433 1.21488

Reduced Chi-sqr = 7.84134711285

COD(R"2) = 0989401 73226649

tterations Performed = 2

Total kerations in Session = 2

Fit converged. Chi-=gr tolerance value of 1E-2 was reached.
Some parameter values were fixed.

zigma, FU'HM, Height are derwed parametens).

- Statistics -] hd
4 ] » [\ Gaussian yFitNL1 AFithNLCurve1 /|| ¢ »

Define and fit with a user-defined function

In this section, we will show you how to define your own fitting function and use it in the Nonlinear
Curve Fit tool. Our function: y=y0O+a*exp(-b*x)

1. Open Project Explorer (View: Project Explorer), and select the User-Defined Function folder.

2. Inthe menu, select Tools: Fitting Function Builder... to bring up the Fitting Function Builder
dialog box.

3. Onthe Goal page, click Create a New Function, then click the Next button to go to the Name
and Type page.

154



Data Analysis

Fitting Function Builder - Goal

Hints
Welcome to Fitting Funchion Builder.

Thiz wizard waill guide pou to create or
edit a User-defined fitting function.

@ Create a Mew Function )

() Edit a User-defined Function

4. Onthe Name and Type page, click New to create a category for the new fitting function, then
name the function and select a Function Type.
o Set MyFunction as the Function Name.
o Select Expression from the Function Type list. Note that the left panel displays Hints
regarding Function Type.
o Click the Next button to go to the Variables and Parameters page.
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5.

Fitting Function Builder - Name and Type - My Function

Hirts

Function Type

Select thiz option for simple fitting
functiohs that hawve only one
dependent variable.

The function bady is limited to ohe
expreszion, and you need to provide
only the right hand zide of the equation.

This option provides faster perfomance
than QOrigin C.

Example:

a+b*exp[-x"c/d)

Select or create a Category | User Defined MNew

]

Function N ame | MyFunction |

File Name(.FDF) | byFurction FOF

Description |

Function Model

() Explicit ) Implicit
Function Type

(%) Expression

T_TEquations

3 Origin

() LabTalk, Script

() External DLL-based Function

[ Include Integration During Fiting

On the Variables and Parameters page, make sure Independent Variables reads x and
Dependent Variables reads y. Then input the comma-separated values yO0, a, b into the
Parameters text box. Click the Next button.

Fitting Function Builder - Yariables and Parameters - MyFunction

Hirts

Enter names of varables, parameters,
derived parameters and constants in
the edit bores. Separate multiple
names using comma.

Example:

Wl w2

Derived Parameters

Derived parameters are additional
parameters ko be computed from the
function parameter walues after the
fitting process ends.

Constants

Constants are fived values that can be
uzed either in the function expression
of in parameter initialization code.

Peak Function

Check the Peak Function box if pou

A

W

Independent Y ariables | ® |

Dependent Yariables |_|,J |

Gramete,s Wb ) |
Derived Parameters | |
Canstants | |

[ Peak Furctin

6. Onthe Function Body page, perform the following operations:
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Set the Initial Values for parameters as shown below.

In the Function body edit box, enter yO+a*exp(-b*x).

Data Analysis

Use Quick Check to check the validity of a function. After entering a value for the

independent variables, click the Evaluate button ilto quickly check the validity of the

fitting function.

Fitting Function Builder - Expression Function - MyFunction

Hirts

A

Parameters Tab

Walues entered in nitial ¥alue" column
will be uzed az initial parameter values
when fitting.

Check the "Fixed" check box if a
particular parameter should not be
varied during fiting. ¥'ou can control
thig later in the Monlinear Fitter dialog
az well

Optionally enter “Unit" for parameters.

Function Body

The function body is limited to one line,
and pou need ta pravide only the right
hand side of the eguation.

Example:

a+b*exp[-x"c/d)

Quick Check

[

Parameters | Constants |

Initial Walue

Significant Digitz

Param | Unit | teaning |Fixed
wi ?
a ?
] ? F

0l

1

System
System
System

[}
[

[hd]

Function Body

( P=|y0+aexplb) )

~

Quick Check.

=

ﬁ |y=1.9231163463386 )
——

Cancel

[¢<Back] [Mestss] [ Finish |

Click the Finish button to finish defining the function.

Highlight column A and B, select the menu item Analysis: Fitting: Nonlinear Curve Fit to bring

up the NLFit dialog. Select the function MyFunction on the Function Selection page, under the

Settings tab:
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I NLFit (MyFunction (User))

Dialog Theme -

Settings

Data Selection
Fitted Curves
Find /'
Advanced
Output

Code | Parameters | Bounds

[Ealegory | User Defined '

Function | tyFunction [Uzer) w |

r,

Iteration Algorithm | =venbeg Maguadt

Description

File Mame[.FDF] D:ADocuments and SettingssonginlabsMy DocumentssOriginLabh 304U ser Fileshfithur

< il |

&|B[E| s o] 5] () (ooe J[eoea]

9. By successively clicking the 1 iteration button, you can see the change in parameter values as
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well as the increasing conformance of the fitted curve.

o Click the "1 Iteration" button il

I HLFit {MyFunction (User))

Dialog Theme =

Settings | Code | Parameters | Bounds |

Auta Parameter |nitialization

Double click cells to change operator.

Hide. ..
Right click cells for more options. Drag column header to change column orders.

MO, | Param | Meaning |Fixed Yalue Error Dependency | Lower Conf Limitz | Upper Conf Limits | Sigrificant Digits
1 ol ? 1.2155 E428.1161 1 - - System [
1 a ? [0 | 121919 542484394 1 - - System [
1 b ? [1 | 000745 4081468 0.93333 System [

Chi-zqr iz reduced.

&|@ =] Vs o] s (o) (oore ) (caree] 3

Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

1

=Y
FlRCame 1




Data Analysis

o Click the "1 Iteration" button ilagain.

I NLFit (MyFunction (User))

Dialog Theme = »

Settings | Code | Parameters Bounds|

Auta Parameter |ritialization

Double click cells to change operator. Right click cells for more options. Drag column header to change column orders.

HO. | Parann | Meaning |Fixed Walue Errar Dependency | Lower Conf Limits | Upper Conf Limits | Significant Digits
1 ] ? [ | 154297 753452 099477 - - Systern ||
1 a ? [ | 162422 E29927 099897 - - System  |w]

? [ | 014872 032228 0.99723 - - System  |w]

Chi-zqr iz reduced. ﬁlEl Elﬁl ﬂlﬂlililil l Fit ” Dane H Eancell %

Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

W
85— FHCame i

o Click the Fit until converged button&l
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I NLFit (MyFunction (User))

Dialog Theme =

»
Settings | Code | Parameters | Bounds |
Auta Parameter |ritialization

Double click cell: to change operator. Right click cells for mare options. Drag colurmn header to change colunit orders.

HO. | Parann | Meaning |Fixed Walue Errar Dependency | Lower Conf Limits | Upper Conf Limits | Significant Digits
1 wll ? [ | nBs7e5  0Edem 095584 - - Systern %]
1 a ? ] 18522 049115 099844 - - Systern ||

? [ | 018262 002692 .99673 - - System  |w]

Eiftf;gvzg:rdéailﬂffrtolerancevalue ﬁIEl Elﬁl ﬂlﬂlililil [ s ][ p— ”Cancel] %

Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

1

=
FiCame 1

T

T T T T T T T T T T
-0 i 3 + 5 &6 T & @ B0 0
X

O = M oW o+ @ @ 4 @ w
P S S T S R S S

10. Click the OK button and the FitNL1 report sheet of fitting results is created. Here, you will find

best-fit parameter values and other fit statistics.

4.2.2.2 Nonlinear Fitting with System Function

Summary

The NLFit dialog is an interactive tool which allows you to monitor the fitting procedure during the
non-linear fitting process. This tutorial fits the Michaelis-Menten function, which is a basic model in
Enzyme Kinetics, and shows you some basic features of the NLFit dialog. During the fitting, we will
illustrate how to perform a Global Fit, which allows you to fit two datasets simultaneously and share
some parameter values.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn

This tutorial will show you how to:

e Import a single ASCII file.

e Perform a global fit with shared parameters.
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Data Analysis

e Select afitting range and fit part of the data.

e Use the Command Window to perform a simple calculation.
Steps
Import the file

e Open a new workbook.

ity
e Click the Import Single ASCII button = to bring up the Open dialog. Browse to \Samples\Curve

Fitting folder and select the file Enzyme.dat. Make sure to check the Show Options Dialog

checkbox at the bottom of the dialog, and then click Open.

¢ Inthe impASC dialog, expand Import Options: Header Lines nodes, and select 3 from

Comments From drop down.

e Click OK to import the file.

28 Enzyme - Enzyme. dat

A B CE
Long Marme [5] W W
Lnits i phdfmin phfrmin
COMMENS| o\pcteate Mo Inhibitor = CTREHTY
e [nhibkitian

Sparklines ////—— /"
045 aa0 350
2 1180 G490
4 1484 970
i 1630 1174
a 1740 1344
10 1810 1800 4
||« »

Plotting the Data

button.

e Select columns B and C and plot as a scatter plot by clicking the
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= Graphi r'_”'E| _|
h B Mo Inhibitor
2000 *  Competitive Inhibition "
] - n Iy
1500 | |
] = .
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4 n L ]
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= 1200
-E ] | | L ]
3 1000 - -
} B
00 4
1 |
500 -
oo 4
] L ]
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Fitting with the Michaelis-Menten Function

The single-substrate Michaelis-Menten function is a basic model used in enzyme kinetics studies.
. 1;:?”1![5]
K + (9]

The parameter 1’ is the reaction velocity, [5] is the substrate concentration, Vniu: is the maximal
velocity, and K, represents the Michaelis constant. Parameters Vinar and I¥0n are important

enzyme properties and their values can be determined by fitting the M-M function to a t vs. [5] curve.
While there is no M-M fitting function in Origin, we can use a more general model, the built-in Hill

function to perform the fit:
e b

. €
= 1i”m nr

) I;1::t _|_ T

where 11 is the cooperative sites. For a single-substrate model, we fix n = 1, thus simplifying the
model so that it behaves like the M-M function.

There are two curves, one is the reaction without an Inhibitor and the other is the reaction with a
Competitive Inhibitor. We will use the NLFit tool to fit these two curves simultaneously. Since for
competitive inhibition reactions, the maximum velocity is the same as with no inhibition, we can share
the Ymex value during the fitting procedure and perform a Global Fit.
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Data Analysis

With the graph active, select the menu item Analysis: Fitting: Nonlinear Curve Fit to bring up
the NLFit dialog. Select Hill function from Growth/Sigmoidal category on the Settings: Function

Selection page.

B NLFit (Hill)

[ialog Theme - ﬂ

Diata Selection Category |Gr0wth.-’8igm0ida| hd |
E:;t;?-: f'fr,”“’es Function Hil v |
Advanced Iteration Algorithm | =venbeo Maruandt

output Description Hill Function

File Mame[.FDF] D:\Program Files\OriginLabhDrigingfitfuncbill fdf

&l@lB sl plolelala]  (5lm](owm) I

On the Settings: Data Selection page, click the triangular button next to the Input Data and

choose Add all plots in active page to set the data range.

B NLFit (Hill)

Dialog Theme I B — _

Seftings |E|:u:|e I F'arametersl Bu:uur'u:lsl

Funchion Selection

. Multi-Data Fit Mode Ilndependent Fit - Congolidated R epaort LI
Fitted Curves

Advanced Weights IUSE Each Range's Setting j
Output B Input Data Iru AT L bbb ot [ |
Add Plok{13*: Mo Inhibitor
Range 1 [ add Plok(Z) © Competitive Inhibition

Add all plots in active page

Haa all plobs in active 1ayer

Reset
Reselect ol Daka From Graph

& E| L] o948 [R can.:e||§
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e Select Global Fit from Multi-Data Fit Mode drop-down list on the Settings: Data Selection page.

M NLFit (Hill) L E)X]

Dialog Theme | ﬂ

Seftings lEu:u:Ie ] Parameters] Eu:uunu:ls]

Function 5 election

Multi-D ata Fit Modd |Global Fit ) |

Fitted Curves

Advanced Weights Uze Each Range's Setting j
Qutput

= Input Data ([Graph1 [11[1"No Inkibitor” 2 Competi
Range 1 ([Graphi 11" Na Inkititor' ]
Fiange 2 [[Graph1 112" Competitive Inhibition”™ | #]

& W 1| ] oo £]4] L

. -
Fit | Cancel | —
-

e Switch to the Parameters tab, check the Share box on the Vmax row. These Share check boxes
are only available when using Global Fit mode. Check the Fixed box for n and n_2, and make

sure their values are 1.

B NLFit (Hill)*

Dialog Theme | ﬂ

Settings] Code Parameters l Bnunds]

[v At Parameter Initialization Hide...

MO, | Param keaning ihare | Fised " alue Emor | Dependency
1 max M velocity O 1960 '
1 k Michaeliz constart [l O 259016
1 h Cooperative sites O
2 k_2 Michaeliz constant I 5.hE038
2 H_2 Cooperative sites I

& H| L& o924

;EH
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Data Analysis

Click the Fit button to generate the analysis reports. A table of fit parameters is pasted to the original

graph (only the fit parameter values table is shown in the following figure.)

= Graphi
1 B No Inhibitor
@ ®  Competitive Inhibition
e | Hill Fit af Enz yme %
— Hill Fit of Enz yme %
1800 -
1600 -
1400 -
= |
= 1200 o
£ ]
% 1uuu_ AT
} lllllll
3uu_ T T
500 | ; : g ""Hf.
oo - r v =
200 T T T T . . : , :
o g 10 15 a0
[S]Cphdd

From the fit result, we can conclude that the maximum velocity is 2162.8 pM/min_ The value of
K., foqlr}he no inhibitor model is 1.784M  The value f'm for the competitive inhibitor model is
4.18H M

Fitting Lineweaver-Burk Plot

As we know, the model parameters can also be estimated by the Lineweaver—Burk or double-
reciprocal plot. The Lineweaver—Burk plot takes the reciprocal of both sides of the M-M function and
plots by 1/v vs. 1/[s]:

1 1 K,

- E r
v mer mrzr[S]

This is actually a linear function:
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Lineweawver-Burk plot

10

YoIntercept = 1% max

# Intercept = -1/Km g

We will use the No Inhibitor data to illustrate how to calculate #m and Vinar by L-B plot.

Go back to the raw data worksheet and add two more columns by clicking the ‘B button. Right-
click on column D and select Set As: X from the context fly-out menu to set it as an X column.
Right-click on column D again and select Set Column Values to bring up the Set Values dialog.

In the dialog edit box, enter: 1/co1 () and set the Recalculate mode as None, since we don't

14[5]

need to auto update the reciprocal values in this example.

Similarly, set column E's values as 1/Co1l (B) . Enter the long name for column D & E as

%

BT

22 Enzyme - Enzyme. dat
A1)

, respectively. And then we have:

BEv )

Cor)

Long Marme [5]
Lnits 1Lhd
comments

Sparklines

0.4

] 10

W
phdfrmin

Substrate | Mo Inhibitor

e

580
1180
1485
1630
1740
1810

W
phfrmin
Competitiv
e Inhibition

3a0
690
arn
1174
13445
1400

11[5]

2
0.4
0.25

0AERAT
0125

¥ [\ Enzyme A FitNL1 A FitNLCurvel [

IS

0.1

000172
8.47458E-4
G.73401E-4
6.13497E-4
5.74713E-4
5.52486E-4 | »

b




Data Analysis

e Highlight columns D & E and click =" lbutton to create a scatter plot.

= Graph2

1M

0.0004

175]

From the above equation, we know there is a linear relationship between 1 /v and 1/[S], SO we can
use the NLFit tool to fit a straight line on this plot. (You can also use the Fit Linear tool from Analysis:

Fitting: Fit Linear)

e Bring up the NLFit dialog again, select Line function from Polynomial category, and then click the

Fit button directly to generate results.

B NLFit (Line)

Dialog Theme ﬂ

Data Selection Category | Palynarnial v
E:::;ifiuwes Function lLine—v| )

Advanced Iteration Algorithm

Output

Description Line function

File Mame[.FDF) D:4Program FileshOriginlabhOrigin3\fittunchline. fdf

Al R R R FAEN

[ Fit H Done ” Cancel] ﬁ
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From the plot, one may doubt that this is the best fit curve since there is a point located far away.

Actually, the right side of L-B plot is low substrate concentrations area, the measurement error may be

large, so we'd better exclude these points during fitting.

=l Graph2 |Z E| rg|

1 model Line
@Equatiu:nn ¥ =4+ Bhx
Reduced | 40757
Chi-Sor 1E-10

ai . RS 0.9968

L IR
— Line Fitof Enzyme 17

Fit result using
full data range.

This point is far

i 2 4.94725E-4 | 7.O2ZEE & ey fom othem
B 5.21013E-44 1.11198E -5 L
ooofs 4
= )
oooio 4
onooog 4
onooos 4
ooood T T T T T
0.0 1= 1.0 15 20
115]

e Click the lock icon on the graph upper-left corner, and select Change Parameters to bring back

NLFit dialog.
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lock icon.

hange Parameters

Delete

(20 [0 source
Plak Input Daka with Daka Markers

v Recalculate Mode: Manoal
Recalculate Mode: Auko
Recalculate Made: Mone

LI F¥
Line Fit of Enzyme 12/

Shiowe Info (FitML)
00006 'l/
oooot : . : : : :
0.0 os 10 15 20

14[5]

Data Analysis

In Settings: Data Selection page, click the Izlbutton on Input Data node, and then choose Reselect

All Data from Graph from fly-out menu.

B NLFit (Line)

Seftings lEu:u:Ie ] Parameters] Eu:uunu:ls]

0]

Function 5 election

Fitted Curves
Advanced
Qutput

Weights
[l Input D ata

Range 1

Multi-Data Fit Mode |

=

|L|se Each Range's Setting

|[Graph‘711l1"1 Al

Add Plot{ 1% 1y
[Grap
add all plots in ackive page

add all plots in ackive laver

Reset

Reselect all Data From Graph

[~
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+
Then the NLFit dialog rolls up and your cursors become -%when you move to the graph page. Click

and draw a rectangle to select data points you want to fit. The input range is labeled by vertical lines.

You can also click-and-move these lines to change the input range.

& Graph2 - B)X]
1 Model  Line T
@Equaﬂ':'n ¥ =AM+ B Line Fitof Enz yme 154
Feduced | 4.073 —— Fit Cunve 1
i hi-Sogr 1E-1i
i R-Soua| 0.996
Yalue Standard Err
A 4.94728E4 | TO22EE £
i B 5.21 .
T MNew input
= | data range.
- oooio 4
1 -
00008 <
o.ooos 4
ooood T t T T T
0.0 o3 1.0 13 20
1451

Select data in graph ad
[Graph2]111'1 A T211] =

e Click the Fit button on the NLFit dialog to recalculate the result. You can see from the graph that

the report table was updated.
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= Graph2
1 moced Line
@Equatiu:un ¥o=2A4+B* :
Feduced | 41467 Mew result using
I hi-Sor 9E-11

Adj. R-Sgua 0.9962

10

part of input data. -

Line Fit of Enzyme 12/
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00010 4
00003 S

00006 S

oooo

Data Analysis

e Since the intercept of the fitted curve is 1{"’,” ax, it is equal to 4.76191E-4 in this example. To

get the Vinar value, select Window: Command Window to open the command window, type

1/4.76191E-4 =

and press ENTER:

B2 Command Window |

Ff=-=-2009-5-19 1Z:56

1/4.76191E-4=;

~

=

»»1-4 76191E-4=
1-4 76191E-4=2099 9976900025
E

~

=

Origin returns the value 2099, which is close to what we got above, 2160. (When fitting the hill function

above, we shared Vm ax When fitting two datasets. If you fit the No Inhibitor data only, this value will be

closer.)

4.2.2.3 Global Fitting with Parameter Sharing

Summary
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The term "global fitting" generally refers to simultaneous curve fitting operations performed on
multiple datasets. Because datasets remain distinct, they may or may not "share" parameter values
during the fit process. When a parameter is shared, a single parameter value is calculated for all
datasets; When a parameter is not shared, a separate parameter value is calculated for each dataset.

By contrast, "concatenated fitting" is performed by combining all datasets into a single dataset.
Because curve fitting operations are performed on a single dataset, only a single set of parameter
values is returned.

What you will learn

This tutorial will show you how to:

8.

172

Select multiple datasets for fitting.
Select different fitting modes.

Perform global fit with parameter sharing.

Create a new workbook by clicking the &2 |putton.

1t
Click the B to import the file Enzyme.dat in the <Origin EXE Folder>\Samples\Curve Fitting\

folder.

Highlight column B and C and click the *" lbutton to generate a scatter plot.

Keep the graph window activated and select the Analysis: Fitting: Nonlinear Curve Fit menu
item to open the NLFit dialog.

In the Function Selection page, choose the Hill function from the Growth/Sigmoidal category.
Go to the Data Selection page, click the triangle button next to the Input Data selection box and
choose Add All Plots in Active Layer, to add both plots as input data.

Select Global Fit mode from the Multi-Data Fit Mode drop-down list:

Settings |E|:u:|e Parameters | Bounds

Function Selection

Multi-D ata Fit Mode |I3I|:|I:|al Fit v|
Fitted Curves ) . .
Fird X, Weights | Usze Each Range's Setling w |
Advanced Input Data [[Graph 111N Inkibitor”. 2" Competitve Inibition”)
Cutput Enzyme
Enzyme

1x A 5]

1y B:V

2% A5

2y C:v

In the Advanced page, set the Recalculate mode to Auto.



Data Analysis

9. Go to the Parameters tab. Check the Fixed check box for n and n_2 to fix their values to 1.

Settings | Code | Parameters | Bounds

Autamatic Parameter [nitialization iz enabled.

Param Meaning Share| Fixed| “alue Errar
Wnay b ax velocity NN 1960
k| Michaelis constant | [] | [] | 259016
Fi Cooperative sites | [ 1
Vmay 2| Max velocity FIREF] 1910
k_2 | Michaeliz constant | [] | [] 5.560938
n_2 Cooperative sites | [ 1

10. Click the Fit button to fit curves. You will get these results from the Parameters table of the report

worksheet:

Yalue Standard Error -Value Prob=|t| Dependency

Vmax 209196109 3362032 622231 - 0.65992

k 1652432 013786 | 11.05711 - 0.65992

n 1 0 - - 0

Vmax 242849265 8197136 2962611 1] 0.89747

k 5.8B3TT 056737 | 1033497 | 5.36612E-9 0.88747

n 1 ] - - 0

11. The fitted curves will be added to the original data plot.

m  [o Inhibitor
| * Competitive Inhibition
200 4[— Hill Fit of Enzyme B™\W"
J|—— Hill Fit of Enzyme C"V"
1800
1600 S
—. 1400 S
=
£ 1200 4
=
= 1000 4 i
= T S e )
El:":l - a0 %1(;: S5 ER0E2 | DdIE 1-9.:.6;= fa - ry b
k 152432 =0 13785 SE53TT = OS5TET
EUU N Foad womd  ChikSor* =t DEET 4503 b
F-Saguane (DD [ek-2 =15 [sk-=2 10 |
400 4 A-Squar=(COD 059007
i * Agl. R-Soyus et [sR-—=TR |
200 T T T T T
0 5 10 15 20
[S](uM)

12. In this case, the maximum velocity Vmax may be the same, so we could share this parameter

value when fitting.
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13. Click the green lock icon in the report worksheet and select Change Parameters to bring back
the NLFit dialog.

i1 Enzyme - Enzyme. dat E][E|E|
F

A4 LRI v T e Y S N L

Cl:hange Parameters... _)

Delete

Go to Source

Recalculate Mode: Manual
Recalculate Mode: Auto

Recalculate Mode: Mone

Shaowe Info (FithL)

Copy this Analysis
¥ [% Enzpme AFtNL1 A Fi[ € >

14. In the Parameters tab, check the Share check box for Vmax.

Seftings | Code | Parameters | Bounds

Autarmatic Parameter [nitiahzation iz enabled.

Param Meaning Share| Fixed| “alue Errar

WYmax Maw velocity | [ @[] 1950

k | Michaelis constant | [ k¢ ] | 259016

h Cooperative sites | [ 1
k_2 | Michaeliz constant | [] | [ 5.560938
n_2 Cooperative sites | [ 1

15. Click the Fit button again to update results. You can see the Vmax values for both curves are the

same. The asterisk in the parameter name indicates that this parameter is shared:

Value Standard Error -Value Prob=|t| Cependency

Vmax® 2162.82534 42 2049 @ 5124584 - 076631
k 1.78077 0.19046 935003 - 0.63991

n 1 0 - - 0
Vmax® 2162.82534 42 2049 @ 51.24584 ] 076631
k 418382 0.33106 | 1263784 | 1.07513E-10 0.60034

n 1 i - - 0

16. The fitted curve will automatically update.
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= Mo Inhibitor
| ® Competitve Inhibition
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4.2.2.4 Global Fit for Different Functions with Shared Parameters

Summary

This tutorial is aimed at solving the following problem: do global curve fitting on two or more curves
using different function for each curve, but sharing some parameters, the shared parameter was
common to all the datasets. This problem arises in a wide variety of scientific fields such as fiting for
anisotropy spectrum.

Minimum Origin Version Required: Origin 2015 SR1
What you will learn

This tutorial will show you how to:

e Select multiple datasets for global fitting.
e Set a switch parameter which connect all functions.

o Perform global fit with parameter sharing for multiple fitting functions.

Steps
1. Create a new workbook by clicking the = hutton.
ity
2. Click the ®Eito import the file MultiFunctionsFit.dat in the <Origin EXE Folder>\Samples\Curve
Fitting\ folder.
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3.

176

Highlight column A, B and C and select the Analysis: Fitting: Nonlinear Curve Fit menu item to
open the NLFit dialog.

The user defined fitting function will be build in next 3 steps, the functions are built based on the
guantitative model below :

Aje~tito 4 By

Age—tito + By

Col(C) : Ly = Age™""" + By

In the Function Selection page, choose the <new...> function from the User Defined category.

E‘-‘uF[B} L=

Enter "GlobalFit" as the function name, and set the Function Model and Function Type follows the

graph below:
| Fitting Function Builder - Mame and Type - GlobalFit E =] @
<
— Select or create a Categany || |2ar Dafined v] Mew
Gunu:tinn MName GlobalFit )
File Name[.FDF] GlobalFit. FDF
Dezcription

Function Maodel

Function Type

! Equationz
) Origin C
1 LahT alk Script

! Extemnal DLL-bazed Funchion

[ Include Integration During Fitting

<< Back| |Nests» Firish

Then, click Next to go to the variables and parameters page.




Data Analysis

6. Set the variables and parameters follows the graph below:

Fitting Function Builder - Yariables and Parameters - GlobalFit El (=] @

Independent Yariables ¢

Dependent arablez v

Parameters Al1B1AZBZH s

Derived Parameters

Constants

[] Peak Function

<< Back| [Mest>>| | Finish

Then, click Next to go to the Expression Function page.

7. Type the expression which contained forluma of L1 and L2 in the function body box:
s* (Al*exp (-t/t0)+B1) / (A2*exp (-t/t0) +B2) - (s—1) * (A2*exp (-t /t0) +B2)
The parameter s is a switch for global fitting, if s=1, the L1 is used for fitting, if s=0, L3 s used for

fitting. The value of s will be controled in the following fitting procedure. Set the Initial Value of Al
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and B1 to 0. Then, click Finish.

Fitting Function Builder - Expression Function - GlobalFit

L4
. Parameters

Param keaning |Fiked| InitialValue | Significant Digits
1 : ] Sustern [
E1 7 Spstem [
¥ ’ T Spstern [
B2 ? System E|
] 7 System E|

7 System E|

Function Body

|
¥= (3% (Al*exp (-t/t0)+B1) / (A2*exp [-t/t0) +B2) - (3-1) * (R2*exp (-t/t0) +B: }
-
< i b
Guick Check
b= 005
#|
<< Back| [Mest>>| | Finish |

8. Back to NLFit dialog, select GlobalFit function in User Defined Category. Go to the Data
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Selection Page, Select Global Fit mode from the Multi-Data Fit Mode drop-down list:

i '| MLFit (GlobalFit (User))

H

Dialog Theme

Function Selectian

iData Selection

Fitted Curves
Fird 2
Advanced
Cutput

Setiings | Code | F'arametersl Eh:uunu:l$|

Weights

Input Data

Multi-Data Fit Mode [EEIDI:uaI Fit v]

[Llse Each Range's Setting v]

|[|'--1 ultiFunction]t uliFunctionsFi A B LT[

MultiFunction — MuliFunctionsFit.dat

MultiFunctionsFit
1t At

Ty B:L1
2t At

2y L )




Data Analysis

9. Go to the Parameters tab. Check on the Share check box for A2, B2 and t0, then Check on the
Fixed box for s and s_2 to fix their values to 1 and 0, respectively. The setting of s will control
fitting Col(B) using L1 while fitting Col(C) using L.

Settings | Code | Parameters | Bounds

Auta Parameter Initialization

Double click cells to change operatar. Right click cellz for more ¢

MO, | Param | Meaning |Share Fikved| “alue | Ermror
1 B1 7 B | 1]
Al ? [l 1
1 B2 7 [l 1
1 ta ? [l 1
1 3 ? [ 1
2 A2 7 [l 1]
2 B1_2 7 [ 1]
2 52 (A I 1 0

10. Click the Fit button to fit curves. You will get these results from the Parameters table of the report

worksheet:
Value Standard Error
A 25887072951 01678709978
B1 0.4859001021 0.0052845018
L1 AZq 126787277087 01035113131
B2 8.9810129162 | 6.5535940841E-4
t0 3.3462910394 0.0113070784
5 1 0
B1 0 ]
L9 AZl -12.6787277087 01035113131
B2 8.9810129162 | 5.5535040841E-4
10 33462910396 0.0113070784
5 0 0
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11. The fitted curves will be added to the graph window. You can check the fitted curve for CoI(B)/Ll
and CoI(C)/Lz in Sheet FitNL1 by double clicking the Graphs.

FitLine - GlobalFit (User) Fit - {[MultiFunction]F...[ = || = | == |
1 [=T]L1 {counts)
m —— GlobalFit {Us er) Fit of MuliFunctions Fit B"L1™
o a1z -
010
g
5
a
2
7008 4
005
20 0
t(s)

L

[E] FitLinel - GlobalFit (User) Fit - {[MultiFunction]... | = || & |[ 21 |

1 I (= L2 {counts)
& —— GlobalFit {User) Fit of MultiF unctions Fit C'L2"
7] o ]

o

cC

o8

2

|

T
2:3 il:l
t{s)

4.2.2.5 Parameters Initialization using LabTalk in NLFit

Summary

In previous Origin versions, one can only initialize fitting parameters with Origin C code. Since Origin
9.0 SR1, it is also supported to use LabTalk script to initialize parameters. This implement is
especially useful when one wants to use worksheet values for the initial parameters.
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In this tutorial, three adsorption uptake curves at three different temperatures were measured, and
the results are exported in three .txt files. The experimental conditions are stored in the same .txt file
as header info. We are going to fit the data to the isothermal-spherical model, according to the
following equation:

i] pi’
y=1— — serpl—— %
Y = P~ * =)

, Where y is the normalized mass uptake (mg/g), x is the time span (s), T is the time constant (1/s),
and the fitting parameter.

There is an empirical equation describing the relationship between the temperature and time
constant, which is:

T =25000 — 58 * Temp

For the uptake curve at each temperature, we will calculate T from this equation and use it as the
initial value for the curve fitting.

Minimum Origin Version Required: Origin 9.0 SR1
What you will learn
This tutorial will show you how to:

o Create a user-defined fitting function and use Labtalk script to do parameter initialization.

e Use values in worksheet for initialized parameters.

Steps
Write Parameter Initialization Script for a User-Defined Fitting Function

1. Select Tools:Fitting Function Builder(or press F8) to open the Fitting Function Builder, in the
Goal page, select Create a New Function and click Next.

2. Inthe Name and Type page, make sure the function is created under the User Defined
category, name the function UptakeCurveFit, keep the Function Model as Explicit, and select
Origin C for Function Type. Click the Next button.

3. Inthe Variables and Parameters page, keep the Independent Variables and Dependent
Variables as the default x and y, respectively. Set the Parameters to T and click Next.

4. Inthe Origin C Fitting Function page, type in the following equation in the Function Body edit
box, and then click Next.

y = 1 - 6/(pi~2)*exp (- (pi”2/T)*x)
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Significant Digiks

2

1 Swskem

_Function Bodw [Dependent Yariables : y) Treat All Mumbers As Double [ ] Use Denivatives ﬂ
v=1-B/pi"2Fexpllpi" 2T )

[uick Check
2| |

|<<Back| [Newt>>| | Finish ]l

5. Inthe Parameter Initialization Code page, select the Use Labtalk radio button to enable the

use of Labtalk script. In the Initialization Code edit box, type in the following script:

//Code to be executed to initialize parameters

//Get the current worksheet page.

range rpage=ry.getpage()$;

//Get the data worksheet

range rlayer=ry.getlayer()S$;

//Get the data worksheet index

int inext=rlayer.index;
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//Make sure the data workbook is active

[

win -a % (ry.getpage()$);

//Make sure the data worksheet is active

page.active=inext;

//Active column 2 in the data worksheet

wks.col=2;

//Get the temperature as a string from column comment

string strl$ = wks.col.comment$;

//Get the string of the temperature number

string str2$ = strl.Left(3)$;

//Substitute the string variable to a double number

double Temp = % (str2$);

//Use the empirical equation to calculate the initial value of T

T=25000 - 58 * Temp;

//Check whether parameter initialization script runs successfully

type -b "Experimental temperature is $(Temp) K, so the initial value of T

is $(T)."

Notes: The ry in the script above is an auto-defined range variable for the input data range
of parameter y, the syntax for such range variable is r+parameter name. For example, if the
parameter name is Temp, the range variable should be rTemp.

7. Click Finish to create the user defined fitting function UptakeCurveFit, you could find its .fdf file

in the User Files Folder.

Fit Data with the User Defined Fitting Function
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1. Create a new Origin project by clicking the D button on the Standard toolbar. Click the
53
= button (or File:Import:Import Wizard or press Ctrl+3) to open the Import Wizard.

2. Inthe Data Source, select the UptakeCurve 343K.txt as the File, which is located under

path <Origin Folder>\Samples\Curve Fitting\. Click Next button to navigate to the Header

Lines page. Set the Long Names, Units, and Comments as 3, 4, and 1 to 1, respectively.

Import Wizard - Header Lines

Mumber of main header lineslexclude subheader lines) [ ] Line: number start from bottam
MNumber of subheader lines Auto determing subheader ling

Colurnn Label Azzignment from Subheader Lines

Short Mames ﬂ Carmments <-'I_ v| to |1| :T)

)|
Long Mames ﬂ Supstem Parameters :Nu:une> w | o ﬂ
nitz ﬂ |lzer Parameters to ﬂ

Characters to zkip on each line

Preview Font | System w | Preview Lines |5EI . |
Prefie: S=Short Hame, L=Long Mame, U=Uritz, P=Parameters, C=Comment, MH=Main Header, SH=Subheader
881 8@1sH C Temperature 343K 5
882 @825H Equilibrium Pressure B.3mbar
883 883SH L Time Hormalized Hass Uptake
8oy aa4ysH u s mgfg
v

[ «<Back | [ Mew>> | [ Finish |

Click Finish to import the data file. Note that the experimental temperature is stored as the

3.
comment of column 2, which will be retrieved by the Labtalk script for parameter initialization

in the UptakeCurveFit fitting function.
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BTuTT]

£22 Book1 - UptakeCurve_ 343K txt

Sparklines

Al B
Long Marme Time mHormalized Mass Uptake
LInits S ol
Cormments | Termperature

—

F4.39925
4352141
59489529
788.286F82

§31.99488

1167.97295
1462.49584
1867.02124
2273320849

0.29192
0.74227
0.83443
0.885587
0.91681
0.946498
0.96853
096314
0.993:

% UptakeCurve_343K f |<

S[(=1E9

»|[

Data Analysis

4. Highlight column B and select Analysis:Fitting:Nonlinear Curve Fit (or press Ctrl+Y) to open

the NLFit dialog, select User Defined for Category and UptakeCurveFit(User) as Function.

5. An attention box pops up and shows the experimental temperature and the calculated initial

value of time constant.

Attention!

\l") Experimental kemperature is 343 K, sa the initial value of T is 5106,

6. Go to the Parameters tab, see that the initial parameter for T is 5106, which is calculated from

the experimental temperature. This indicates the parameter initialization script is successfully

called.

7. Gotothe Code tab and select the Parameter Init section, there you could double check the

parameter initialization script by clicking the ﬂbutton.

8. Click OK to close the attention box, and click Fit to carry out the fit.

Create an Analysis Template and Do Batch Processing
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1. Go to the report sheet FitNL1 which is generated from previous steps, click the triangle

button right to the Summary table and choose Create Copy as New Sheet. A new sheet will

be created, delete column A in the new sheet and rename it as Result.

2 Book1 - UptakeCurve_343K.txt M=E3
Bi’) CiEr? D) Ei) o
Long Mame T T Statistics Statistics
Parameters Yallue Standard Error | Reduced Chi-Sgr Adj. R-Sguare
a034. 71487 BA0.3704 0.003491 08918745
b
FitNL1 A FitNLCurvel A Result / || < S

2. Keep the workbook active and select File:Save Workbook as Analysis Template to save this
workbook as MyUptakeFit.ogw.

3. Create a new Origin project and select File:Batch Processing to open the batchProcess dialog.

4, Load the analysis template MyUptakeFit.ogw, select the files UptakeCurve_343K.txt,
UptakeCurve_373K.txt, and UptakeCurve_403K.txt under the <Origin
Folder>\Samples\Curve Fitting\ path, choose File Name for Dataset Identifier and make

sure the other settings are the same according to the image below:
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Batch Proceszing Mode () Repeatedly Impart into Active Analysis Template Window

(%) Load Analysis Template
Analyziz Template @\Dncuments and Settingshuriginlab‘aDesktup\MyLlptakeFit.ugw)
Data Source Impaort From Files w

Usze Import Setting in Workbook

“\Program Files'OrniginLab0rigindSR0MS amples\Curve FitlingU ptakeCurve_ 403K bt
D:AProgram Files O riginLabOrigin3S R 0MS armples\Curve FitingU ptakeCurve_ 343K bt

File List “Program Files'OrniginLab 0 rigindSR0MS amplesiCurve FitlingU ptakeCurve_ 373K s
Datazet Identifier File Marme A

Data Sheet ptakelCurve

Reszult Sheet Rezult w

Cantents from Besult Sheet will be appended ta the Output Sheet in another book., zpecified below

Output Sheet (S urnmiany]R esults!
Delete Intermediate Workbook
=l Options

Starting Fow of Output Sheet 1

Clear Dutput Sheet on Start

&ppend Label Bows i

When Output Sheet iz Excel, check thiz box to append labels from Result Sheet

5. Click OK to carry out the batch processing, for every file being executed, the attention box
pops up and indicates the initial value being used, click OK every time to close the attention

box and continue the batch processing. Finally, a summary report will be created:

BTuTT]

22 Summary

AT B CiyEr? D)
Lang Mame Dataset T T Statistics Statistics
Farameters YWalue Standard Error | Reduced Chi-Sgr Adj. R-Square
UptakeCurve | 195430438 17604279 3.45543E-4 0.98209
_ 403k b
UptakeCurve | 5034.71487 620.3704 0.003 091875
343k
UptakeCurve | 2821.73125 21070823 5.37589E-4 098522
_3T3k b
L]
|| < 2|

4.2.2.6 User Defined Fitting Function

Summary
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Besides the 200+ built-in fitting functions, you can also create your own fitting functions in Origin.
Origin provides two tools for fitting with user defined function:

e Simple Fit App
Simple Fit App provides a much more convenient way to fit simple functions that can be expressed in
the form y = f(x), you only need to type your formula, specify the initial values and then generate fitting

reports immediately. You can learn how to use this App in the linked File Exchange page.

e NLFit tool.

NLFit tool is a powerful fitting wizard which allows you to define more complex fitting functions and
control the fitting process in every possible way. For fitting user defined function in NLFit tool, you will

need to create it in Fitting Function Builder first.

In this tutorial, we will mainly illustrate how to create a user-defined fitting function in Fitting Function
Builder, carry out nonlinear curve fit with it and also show how to fix a parameter for curve fitting
using NLFit tool.

Minimum Origin Version Required: Origin 2016 SRO
What You Will Learn
This tutorial will show you how to:

e Create a user-defined fitting function using the Fitting Function Builder.
e Carry out nonlinear curve fit with user-defined fitting function.

e Fix a parameter for nonlinear curve fit.

Steps

The data we are going to fit is ConcentrationCurve.dat file under <Origin EXE
Folder>\Samples\Curve Fitting\ path.

The fitting function to be created and used is shown below:

y = Aexp(2.303kz — k,, }\,."'2.3[}3 n %
' r — Cy

in which

Uis the dependent variable

ris the independent variable

and 4. k. k. CLCo are all fitting parameters.

Create a Fitting Function
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Data Analysis

In this section, we will show how to create the user defined fitting function in the Fitting Function
Builder. But it is also possible to create user defined fitting function with the Fitting Function
Organizer(Tools:Fitting Function Organizer or press F9).

1. Launch Origin and choose Tools:Fitting Function Builder (or press F8) to open the Fitting
Function Builder.

2. Inthe Goal page, select Create a New Function and click Next.

3. Inthe Name and Type page, change the setting as the following image and then click Next:

-

7 | Fitting Function Builder - Name and Type - MyFitFunc El (=] @

Select or create a Cateaony | |Jser Defined - | e
Function M ame MyFitFunc

File Mame(.FOF] MyFitFunc FOF

Description

Function Model

@ Explicit | rplicit

Function Tupe

@) Expreszzion

E quations

Origin C

LahT alk Script

External DLL-bazed Function

|nizhude Intearation During Fitting

Cancel |<< Back| |Ne:-ct » | Finizh

4. Inthe Variables and Parameters page, enter the variable and parameter names as the

image below and then click Next:
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i

X Fitting Function Builder - Variables and Parameters - MyFitFunc

|ndependent Yariables

Dependent Yariables ¥

Farameters A krnk. o0

Derived Pararmeters Al

Constants (1]

[T] Peak Function

Cancel

Finizh

In the Parameters box, use comma (",") as delimiter.

In the Expression Function page, enter the equation below in Function Body:

A*exp (RO*k*x-km) *sqrt (RO+c/ (x-c0))

Go to the Constant tab, set the value of RO to 2.303.

Give estimated initial values to the parameters according to this particular data and function.

FParameters | Constants

Param | Unit | Meaning |Fixed Initial value | Significant Digits
& ¢ |:| Syskerm hdd
krn ? ] Syskem 0
k ? ] System v
£ ? ] Syskem v
cl ? |:| Swskem ol

Note:You can also give different initial values each time before you actually carry out the fitting.




Data Analysis

8. Can click the Evaluate button ﬂto quick check whether the function is valid(if it is valid, an

actual value will be returned for y).

Note:If you used Origin C as Function Type at the beginning, you can also compile the function at this

stage to check if there is any error, this is especially useful for brackets matching.

9. Click the Next button three times until it goes to Derived Parameters page.
10. In this page, we will define the derived parameter AO, enter its equation in the Derived

Parameters Equations box:

AQ0=-A*exp (km) *1E-4

11. Click Finish to create this user defined fitting function. The .FDF file for it will be stored in the
User Files Folder.

.
Q You can always modify the user defined fitting function later, either in the Fitting

Function Builder(choose Edit a User-defined Function in Goal page), or in
the Fitting Function Organizer.

Carry Out Curve Fitting

1. Create a new workbook.

1t
2. Click the B button to import the ConcentrationCurve.dat file under <Origin EXE

Folder>\Samples\Curve Fitting\ path.

Highlight column B and click the ** button to generate a scatter plot.

4. Keep the graph activated, select Analysis:Fitting:Nonlinear Curve Fit to open the NLFit dialog.
In the Function Selection page, set Category as User Defined and then set Function as
MyFitFunc(User).

6. Click the 3 button to fit the data.

7. An error message returns in the Message tab of the lower panel, indicates the fit did not

converge because of overparameterization.
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Residual | Formula | Sample Curve | Messages | Function File | Hints

[1] Pararmeter [nitialization waz called.
[2] -=meeeee- Levenberg-kd arquardt-----------
Reduced Chi-zgr = 2. 758687201 86E -6
CODIR™2] = 0.9993334 7595542
[terations Performed = 19

T lterationsin Session=19

| Fit did not converge - mutual dependency exizts between parameters. >
lem.

ou may have overparameterized the fitting function. Fizing one of them may eliminate thiz prob

8. The parameters A and km have mutual dependence, so fixing either one will solve the problem.
We will fix A this time.

9. Go tothe Parameters tab, click the ﬂlto restore the initial value setting, check the Fixed

box of parameter A:

Settings | Code | Parameters | Bounds

Auto Parameter [nitialization

Double click. cells to change operator. Right click cellz for more options. Orag column header to change columi orders.

MO, | Pararn | Meaning Fixed| “alue | Error | 2pendenc awer Conf Linni|er Conf Lin Significant Digits
1 A ? 325 - - - - System v
1 km ? F 10 -- - - - System b
1 ? ] 1 - - - - Systern v
1 ? ] 2 - - - - Systern v
1 c ? F 0.1 -- - - - System st

10. Click the Fit button to carry out the fit.

11. The fitted curve will be added to the original data plot,
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0.2
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04 06

0.8

Concentration (mM/L)
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12. A report sheet will be generated as well, in which the fitted value of all parameters(including

the derived parameter AQ) are reported in the parameters table:

- Parameters -

Walue Standard Error tValue Prob=({| Dependency
A 325 ] - - 0
km 8.43667 0.03316 254 39421 0 0.994957
e 067231 0.007 95.01794 0 0.99G646
1.97517 0.1426 13.85121 221627E-11 0.99492
cl 0.06017 2T4698E-4  219.03971 0 0.84502

| | AD -148.92769 4 97217

Reduced Chi-sgr = 2.6134931BR98E-6
COD{R*Z) = 0. 500R 184 TRO0542
Iterations Performed = 27

Totsl [terations in Session = 27

Fit converged. Chi-2gr tolerance value of 1E-2 was reached.

Some parameter values were fioeed.

Standard Error was scaled with square root of reduced Chi-Sqr.

Al sre derived parameter|s).
Constants : RO=2.303
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. o o~
Q In the case of overparameterization, you can fix different parameters to get

multiple fit results and then compare the fit models statistically by
Analysis:Fitting:Compare Models tool.

4.2.2.7 Fitting One Dataset as a Function of Other Datasets

Summary

Sometimes, one may want to perform "Dataset Fitting", that is, the output may be composed of one
or several datasets, like:
Output = Ay = Datasety + Ay = Datasety

For example, you may want to analyze a composite spectrum to find the contributions/ratio from
individual component spectra. This can be accomplished either by defining multiple independent
variables or by calculating the "combination" inside the fitting function.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn
This tutorial will show you how to:

o Perform "Dataset Fitting"

o Define multiple independent variable fitting function

Steps

Import the Composite Spectrum.dat file from the \Samples\Curve Fitting\ folder. In this sample data,
we can see that column A is the index, columns B and C are the values for the spectrum of
components A and B. Column D contains values obtained after reading a composite spectrum of
components A and B. By fitting column D to an equation determined by the component spectra of the
pure forms of columns B and C, the coefficients for the contributions of B and C (call them c1 and c2
respectively) can be found. (Note: In this case, we supposed the independent and dependent
variables have the same size. If not, interpolation is need.)

Bring up the Fitting Function Organizer and define a new fitting function as follow:

Function Name: Multilndep
Function Type: User-Defined
Independent Variables: a, b
Dependent Variables: ab
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Parameter Names: C1,C2

Function Form: Origin C

Function:

ab = Cl*a + C2*b;

Initialize both C1 and C2 to 1 in the Parameter Initialization edit box by entering:

C1=1;
Cc2=1;

Save the fitting function and close Fitting Function Organizer. Highlight ONLY Column D and bring
up the NLFit dialog, specify the input datasets in the Data Selection page as follow:

au

#f CompositeSpec - Composite Spectrum. dat

Al
Long Name Index
Unitg
Comments
Sparklines
1
2
3 = |[&)
4 Dialog Theme =
: i
B Settings |I:0de | Parameters | Bounds|
7
g Function Selection A~
[ Data tion Multi-Data Fit Mode | Independert Fit - Consolidated Feport
Fitted Curves
:II 10 Fird 3. Weightsz | |Jse Each Range's Setting w
I ; ! ; !\ Compos) .;dvanced El Input Data ([trurn™(B"Campanent A".C"Component B D" Compasite”) [..]»]
utput
El Range 1 ||pectrum"![B"Eompnnent A" C"Component B".D"'Composite’ |ﬂ
Wiotksheet  [CompoziteSpec] 'Compozite Spectum
a |B : Compaonent A vl
b |C : Component B vl
ab |D : Composite vl =
Rows [ v
b : - -
ﬁl | ﬂl l:fl f}'l ﬂl g-\)l Z | ﬁ»l ful [ Fit ” Done H Cancel] EI

Then you can click the Fit button to generate results.
Results

You are supposed to get these results:

Value

Standard Error

C1 0.37169

0.00483
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c2 0.66469 0.0047

To verify the fitted results, you can add a new column and Copy + Paste the fitted value, which
comes from the fitted Y (col(C)) in the worksheet FitNLCurvel, into it. Then Highlight the Composite
and the fitted data and plot a line graph to see how good the fit is:

Compositebpec - Composite Spectrum.dat = || EOjE
A | Bm | oo
Long Mame Index Component A Component B |[eEIglE
Sparklines //‘ I | |
e
1 1 2 0 A
2
3 Graph2
4 1 —— Composite
5 —— Multiindep (User) Fit of Composite Spectrum D"C omposite”
3 140 -
7
a 120
9 100 4
10
1 L 0
12 g wl
13 E -
14 ]
15
16 0
17
13 o
s -
L T T T T T T
20 0 100 200 200 400 500
g; Index Il
L<[» J\.Comp [

4.2.2.8 Fitting With Multiple Independent Variables

Summary

The Function Organizer tool can be used to create user-defined functions with more than one
independent or dependent variable. The NLFit dialog can then be used to fit with such functions. The
preview window in the NLFit dialog is capable of plotting only one quantity versus another. However,
even if the preview does not "make sense", the fitting process will correctly proceed, once proper
data and parameter assignments have been made.

Note that if you wish to fit multiple independent variables with an equation of the type
y=A0+ALl*x1+A2*x2 + ...
you can make use of the Multiple Regression tool instead of the nonlinear fitter dialog.
Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

This tutorial will show you how to:

e Create a user-defined fitting function with two independent variables and one dependent variable

e Fit with that function in NLFit
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Steps

1. Start with a new workbook and import the file \Samples\Curve Fitting\Activity.dat.
2. Select Tools: Fitting Function Organizer from menu (or press F9) to bring up the Fitting
Function Organizer and define a new fitting function named Multiindep in NewCategory

(create the category if it does not exist) as follow:

Function Name: Multilndep
Function Type: User-Defined
Independent Variables: substr,inhib
Dependent Variables: act
Parameter Names: ki,km,vm
Function Form: Origin C
Function: double mix = inhib / ki; _
act = vm * substr / (km + (1 + mix) * substr);

3. NOTE: Since we are using OriginC, case must match between defined names and their use

in the function definition. e.g. Substr does NOT equal substr.
4. Click Save and then OK to save the function and close the Organizer.

5. For more details about User Defined Fitting Function please refer to User Defined Fitting

Function using Origin C.

6. Highlight ONLY column C and select Analysis: Fitting: Non-linear Curve Fit from menu to bring

up the NLFit dialog. Select the function Multilndep from NewCategory on the Settings:
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Function Selection page. Set the input datasets in the Data Selection page as follow:

B NLFit (Multilndep {User))

Dialog Theme: b
Seftings | Code | Parameters | Bounds |
Function Selection N
D ticn Multi-Data Fit Mode
Fitted Curves
Firud 3.7 Weights | |Jze Each Range's Setting w
Advanced H Input Data ||[.&u:tivity].-’-‘«ctivity![.-'-‘l."Sul:ustrate",E"Inhil:uitu:ur",C".é«ctivity"] || FI
Cutput
E Range 1 ||[.&u:tivity].-’-‘-.u:tivity![.-'3."Sub&trate",E"Inhibitu:ur",E".-’-‘-.u:tivity"] |ﬂ
Wiorkshest  [Achivitgactivig
substr |.f1'«: Substrate V|
irhib | B:lnhibtor | =
act |E - Activity v| o
3 : - -
&|B|E| L2 »|o]e]s] s [Cf ] Coore J[(Gorca] )
7. Select the Fitted Curves page and expand the Fitted Curves Plot branch. Then select Same as

Input Data from the drop-down list next to the X Data Type branch.

B NLFit (Multilndep (User}))

Dialog Theme ﬂ
Settings | Code | Parameters | Bounds|
Function Selection A
D ata Selection Show Preview on Source Graph
IFitted Curves El Fitted Curves Plot
Find A7 Flat in Report Table
Advanced
Output Plat on Source Graph
Jpdate Legend on Source Graph B
Multiple Plots Use Source Graph Calor
E = Data Type (|5ame az Input D ata L
pans T
b’
., 5 N b
& B = L] »]o]e|5]5)] R (oo (]
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8. Select Parameters Tab and set the initial values as follow:

Setting: | Code | Parameters

Bounds

Autamatic Parameter [nitialization is enabled.

Faram | Meaning | Fixed
ki ? ]
b ? ]
W ? ]

“Walue | Error
0.0
1
100

Data Analysis

9. Click Fit button to generate the fitting reports. You can see these results from the report

worksheet as below:

4.2.2.9 User Defined Fitting Function using GNU Scientific Library

This article demonstrates how to use GSL function as fit function.

Farameters
Yalue Standard Errar
ki 0.0373 0.00233
Activity| k| 7.30567 071748
v BA31116 2239698
Stafistics
Activity
Murmber of Paints 18
Degrees of Freedom 14
Feduced Chi-Sgr 15526102
Residual Sum of Sguares 23304150
Adj. R-Square n.8g3a7
Fit Status Succeeded(100)

From the Statistics table we can know that the fitting is fairly successful.

Minimum Origin Version Required: Origin 8.0 SR6
1. We will fit the sample Data below by the following model:

I
II'_lll = HU + il / ti.-{-f |".|l.|l
S

0.1 0.10517
0.2 0.2214

0.3 0.34986
0.4 0.49182
0.5 0.64872
0.6 0.82212
0.7 1.01375
0.8 1.22554
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0.9 1.4596

1 1.71828
1.1 2.00417
1.2 232012
1.3 2.6693
1.4 3.0552
15 3.48169
1.6 3.95303
1.7 4.47395
1.8 5.04965
1.9 5.68589
2 6.38906
21 7.16617
2.2 8.02501
2.3 8.97418
2.4 10.02318
2.5 11.18249
2.6 12.46374
2.7 13.87973
2.8 15.44465
29 17.17415
3 19.08554
3.1 21.19795
3.2 23.53253

2. Add the file ocgsl.h in (User Files folder), before next step, make sure the gsl dlls are copied to
this same location, see Calling GNU Scientific Library.

ocgsl.h

#pragma dll(libgsl, header)

// this is OC special pragma,

// header keyword is to indicate libgsl.dll is in same location as this file

#define GSL_EXPORT // for OC, this is not needed, so make it empty

// you can directly search and copy gsl function prototypes here
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typedef double (* FUNC) (double x, void * params);

struct gsl function struct

FUNC function;

void * params;

b

typedef struct gsl function struct gsl function ;

typedef struct

size t limit;

size t size;

size t nrmax;

size t i;

size t maximum level;

double *alist;

double *blist;

double *rlist;

double *elist;

size t *order;
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size t *level;

gsl integration workspace;

GSL _EXPORT gsl integration workspace *gsl integration workspace alloc (const size t
n);
GSL _EXPORT void gsl integration workspace free (gsl integration workspace * w)

GSL_EXPORT int gsl integration gag (const gsl function * £,

double a, double b,

double epsabs, double epsrel, size t limit,

int key,

gsl integration workspace * workspace,

double *result, double *abserr):;

3. Press F9 to open the Fitting Function Organizer and then add a new function as follows:
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B Fitting Function Organizer ._||_|[z|

(1 Origin Basic Functions S Save
1 Exponeritial Function Mame Igsl_integratiu:un_qag I

N Mew Categor
g Growth/Sigmoidal File Hame[.FDF] |E:"~D|:u:uments and | 2L
Hyperbola - - Mew Funchion
i3 Lagarithm Brief Description | |
(1 Peak Functions References Builder...
[ Palynarnial D unlioat
[ Power uplicate
[ Rational | Add

[ aveform

WPk

Function Type | dzer-Defined w | D
[ Surface Fitting Remave
CaAPPw Function Model E=plicit w B I

; - - ance

(O Baseline Independent Yariables b
[ Chromatography ) K
3 Electrophysiclogy Dependent Yariables |y
(1 Pharmacology Parameter Hames |yl:l,a,l:ueta Bl
Ea Spectrozcopy ) — Fasat
(21 Statistics Function Form Origin C W |
(1 Quick Fit Treat All Humbers Az Double
(1 Multiple Y arisbles -

Derivatives
2 {3 User Defined ] u
] : Function

..... E |_I

double result, er, expected=-4.0;

UL

< I ¥

4. Press the button on the right hand side of the Function Field to open the code builder and add the
following codes and compile: _nlfgsl_integration_qag.fit

#include "..\ocgsl.h"

static double f callback(double x, void * params)

double alpha = *(double *)params;

return exp (alpha*x);
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void nlsfgsl integration gag(

// Fit Parameter (s):

double y0, double a, double beta,

// Independent Variable (s) :

double x,

// Dependent Variable(s):

doubleé& vy)

// Beginning of editable part

double result, err, expected = -4.0;

// Allocates a workspace suffcient to hold 1000 double precision intervals,

// their integration results and error estimates

gsl integration workspace *ww = gsl integration workspace alloc(1000);

gsl function F;

F.function = f callback;

F.params = &beta ;

// integral interval (0, x), within the desired absolute

// error 0 and relative error le-7

gsl integration gag(&F, 0, x, 0, le-7, 1000, 0, ww, &result, &err);
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// frees the memory associated with the workspace w

gsl integration workspace free (ww);

y = y0 + a*result;

// End of editable part

Furthermore, a more elaborate but efficient version of the fitting function is given as follows

//

#include <ONLSF.h>

#include "..\ocgsl.h"

static double f callback(double x, void * params)

double alpha = *(double *)params;

return exp (alpha*x);

void nlsfgsl integration gag(

// Fit Parameter (s) :
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double y0, double a, double beta,

// Independent Variable(s):

double x,

// Dependent Variable (s) :

doubleé& vy)

// Beginning of editable part

NLFitContext *pCtxt = Project.GetNLFitContext () ;

if ( pCtxt )

static vector vInteg;

NLSFCURRINFO stCurrInfo;

pCtxt->GetFitCurrInfo (&stCurrInfo) ;

int nCurrentIndex = stCurrInfo.nCurrDatalndex;

BOOL bIsNewParamValues = pCtxt->IsNewParamValues();

if ( bIsNewParamValues )

vector vx;

pCtxt->GetIndepData (&vx) ;

int nSize = vx.GetSize();
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vinteg.SetSize (nSize);

// Allocates a workspace suffcient to hold 1000 double

precision intervals,

// their integration results and error estimates

gsl integration workspace *ww =

gsl integration workspace alloc(1000);

gsl function F;

F.function = f callback;

F.params = &beta ;

double result, err, expected = -4.0;

for(int ii=0; ii<nSize; ++1ii)

// integral interval (0, vx[ii]), within the

desired absolute

gsl integration gag(&F, 0, vx[ii], O, 1le-7, 1000,

0, ww, &result, &err); // error 0 and relative error le-7

vIinteg[ii] = result;

// frees the memory associated with the workspace w

207



Tutorials for Origin

gsl integration workspace free (ww);

y = y0 + a*vInteg[nCurrentIndex];

// End of editable part

5. Add the following initilization codes:
Parameter Init

//Code to be executed to initialize parameters

sort( x y curve );

double coeff[2];

fitpoly( x y curve, 1, coeff);

a = coeff[0];

y0 = coeff[1l];

beta=1.0

6. Fit using the user-defined function gsl_integration_qgag, here are the results:
y0 = -1.06363E-6

a=1
beta =1
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4.2.2.10 Fitting with NAG Special Function

Summary

Origin allows user to define an Origin C fitting function using NAG special functions. You can call
NAG routine to evaluate the special function.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn
This tutorial will show you how to:

e Create fitting function using Fitting Function Organizer

e Create fitting function using NAG special function

Example and Steps

We will fit the following model:
inorm = Axerp(—td/2.0/(t —¢0)) = (T0(td /2.0/(t —t0)) + 11{td/2.0/(t —¢0]}))

Here A, td and () are the model parameters we want to obtain from the data fitting. I} and {1 are
the first kind of Modified Bessel function of order 0 and order 1, respectively. For current example, we
use the sample data in the end of this tutorial. The fitting procedure can be outlined into the following
steps:

Press F9 to open the Fitting Function Organizer and then create a new Category named
FittingWithNAGSpecialFunc. Define a new fitting function FittingWithBessel in the new category
as follow:

Function Name: FittingWithBessel
Function Type: User-Defined
Independent Variables: t

Dependent Variables: inorm

Parameter Names: At0,td

Function Form: Origin C
Function:
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Click the button (icon) beside the Function box to open the code builder and define and compile and
save the fitting function as follows:

#include <origin.h>

// Add your special include files here.

// For example, if you want to fit with functions from the NAG library,

// add the header file for the NAG functions here.

#include <OC nag8.h>

// Add code here for other Origin C functions that you want to define in this file,

// and access in your fitting function.

// You can access C functions defined in other files, if those files are loaded and

compiled

// in your workspace, and the functions have been prototyped in a header file that

you have

// included above.

// You can access NLSF object methods and properties directly in your function

code.

// You should follow C-language syntax in defining your function.

// For instance, if your parameter name is P1l, you cannot use pl in your function

code.
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// When using fractions, remember that integer division such as 1/2 is equal to 0,

and not 0.5

// Use 0.5 or 1/2.0 to get the correct value.

// For more information and examples, please refer to the "User-Defined Fitting

Function"

// section of the Origin Help file.

//

void nlsfFittingWithBessel (

// Fit Parameter (s):

double A, double t0, double td,

// Independent Variable(s):

double t,

// Dependent Variable(s):

double& inorm)

// Beginning of editable part

//inorm= A* exp(-td/2.0/(t-t0)) * ( sl8aec(td/2.0/ (t-

t0) ,NAGERR DEFAULT) +s18afc (td/2.0/ (t-t0) ,NAGERR DEFAULT) ) ;
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static NagError faill;
static NagError fail2;
double dtemp = td/2.0/(t-t0);
inorm= A* exp(-dtemp) * ( sl8aec(dtemp, &faill)+sl8afc (dtemp,&fail2) );
if (faill.code !=NE NOERROR)
printf ("$s\n",faill.message) ;
if (fail2.code !=NE NOERROR)

printf ("$s\n",fail2.message) ;

// End of editable part

Simulate the Function

After the function body is defined, you can click the Compile button in Code Builder to check syntax
errors. And then click Return to Dialog button to go back Fitting Function Organizer dialog box.
Now click the Save button to generate the .FDF file (Function definition file).

Once you have a .FDF file, you can click the Simulate button to simulate a curve, this will be very
helpful to evaluate the initial values. In the simcurve dialog, enter some proper parameter values and
X range, and see what the curve looks like in the Preview panel.

Set the Initial Values for the Parameters

As it is a user-defined fitting function, you have to supply the initial guess values for the parameters
before performing your fitting task for the data. You may do it by set them manually in the Parameter
tab in Nonlinear Curve Fit dialog. For the sample data shown below, you can just set the initial
values for the parameters A =1, td = 1, tO = 1. After the parameters are initialized, you can then do
the fitting to obtain the fitting result, as shown to the right of the sample data.

Sample Data

Copy the below sample data and use Import Wizard to import the data from Clipboard, then do the
fitting using the given initial values for the parameters: A=1,td =1, t0 = 1.
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Sample Data

Results

X Y

2 0.7868954118
2.080808081 0.8133022141
2.161616162 0.8178216765
2.242424242 0.8427866729
2.323232323 0.8315815363
2.404040404 0.8484657180
2.565656566 0.8618233553
2.646464646 0.8745962570
2.727272727 0.8921620316
2.808080808 0.8687399759

- Farameters
Walue Standard Errar
A 096431 0.06562
" t0 1.394845 0.40134
td 053711 054076

Reduced Chi-sqr = 1.0244375604% E-4
CODCR™2) = 0.92247024514328
tterations Performed = 11

Taotal kergtions in Seszion = 11

Fit conwerged - tolerance chterdon satisfied.

42.2.11

Summary

Fitting Integral Function with parametric limit using NAG Library

Before you start delving into this tutorial, you are recommended to read the relevant tutorial in Fitting
with Integral using NAG Library. And as far as programming is concerned, the two tutorials are

basically the same, except that here you will learn to define Origin C fitting function with fitting
parameters in the integral limit, while in the previous tutorial we in fact define a fitting independent
variable in the integral limit. Also note that a different NAG integrator is used here.

Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

This tutorial will show you how to:
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e Create a fitting function with Definite Integral using the NAG integration routine
e Create a fitting function with a parametric integral limit

o Use alog function to scale a large return value from the fitting function

Example and Steps

For example, we will fit the sample data at the bottom of this page with the following model:
/rf cosh ((x; + 6% - 22)/(b + x))
=
; i+ Izrf‘ + x2)

idr;

Note that we use ‘Ti to indicate the integral independent variable while . indicates the fitting
independent variable. The model parameters i, iy, ¢, and ¢ are fitted parameters we want to obtain
from the sample data. To prepare the data, you just need to copy the sample data to an Origin Work
sheet. The fitting procedure is similar to the previous tutorial:

Define Fitting Function in Fitting Function Organizer

Press F9 to open the Fitting Function Organizer and add the User-Defined integral fitting function
nag_integration_fitting_cosh to the Category FittingWithIntegral, similar to the first tutorial.

Function Name: nag_integration_fitting_cosh
Function Type: User-Defined

Ind_ependent X

Variables:

Dependent Variables: y

Parameter Names: a,b,cd

Function Form: Origin C

Function:

L E
Click the button beside the Function box to open the code builder and define and compile the
fitting function as follows: (Note: Remember to save the Function after compiling it and returning to
the Function Organizer Dialog):

#include <origin.h>

// Add your special include files here.
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// For example, if you want to fit with functions from the NAG library,

// add the header file for the NAG functions here.

#include <OC_nag.h>

// Add code here for other Origin C functions that you want to define in this file,

// and access in your fitting function.

struct user

double a, b, fitX; // fitX the independent variable of fitting function

}i

static double NAG CALL f callback(double x, Nag User *comm) // x is the

independent variable of the integrand

struct user *sp = (struct user *) (comm->p);

double aa, bb, fitX; // temp variable to accept the parameters in the

Nag User communication struct

aa = sp->a;

bb = sp->b;
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fitX = sp->fitX;

return cosh ((x*x+bb*bb*fitX*fitX) / (bb+fitX))/ (aa+ (x*x+fitX*fitX));

// You can access C functions defined in other files, if those files are loaded and

compiled

// in your workspace, and the functions have been prototyped in a header file that

you have

// included above.

// You can access NLSF object methods and properties directly in your function

code.

// You should follow C-language syntax in defining your function.

// For instance, if your parameter name is P1l, you cannot use pl in your function

code.

// When using fractions, remember that integer division such as 1/2 is equal to 0,

and not 0.5

// Use 0.5 or 1/2.0 to get the correct value.

// For more information and examples, please refer to the "User-Defined Fitting

Function"

// section of the Origin Help file.
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1/

void nlsfnag integration fitting cosh(

// Fit Parameter (s):

double a, double b, double c, double d,

// Independent Variable(s):

double x,

// Dependent Variable(s):

double& vy)

// Beginning of editable part

double epsabs = 0.00001, epsrel = 0.0000001, result, abserr;

Integer max_num subint = 500;

// you may use epsabs and epsrel and this quantity to enhance your desired

precision

// when not enough precision encountered

Nag QuadProgress gp;

static NagError fail;
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// the parameters parameterize the integrand can be input to the call back
function

// through the Nag User communication struct

Nag User comm;

struct user s;

s.fitX = x;

comm.p = (Pointer)é&s;

dOlsjc(f callback, c, d, epsabs, epsrel, max num subint, &result, s&abserr,

&qp, &comm, &fail);

// you may want to exam the error by printing out error message, just

uncomment the following lines

// if (fail.code != NE NOERROR)

// printf ("%$s\n", fail.message);

// For the error other than the following three errors which are due to bad

input parameters

// or allocation failure NE INT ARG LT NE BAD PARAM NE ALLOC FAIL
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// You will need to free the memory allocation before calling the
integration routine again to

// avoid memory leakage

if (fail.code != NE INT ARG LT && fail.code != NE BAD PARAM && fail.code !=

NE_ALLOC_FAIL)

NAG_FREE (gp.sub_int_beg_pts);

NAG FREE (gp.sub_int end pts);

NAG FREE (gp.sub_int result);

NAG FREE (gp.sub_int error);

y = log(result);

// note use log of the integral result as return as the integral result is

large,

// you are not necessary to do so

// End of editable part

In the above code, we define the integrand as a callback function f_callback just outside the fitting
function body nisfnag_integration_fitting_cosh. Note that we parametrize the integrand function
with the variables a, b and fitX, and pass them into the callback funtion through the Nag_User struct.
After that we perform the integration using NAG integrator dO01sjc. Besides, you can also use other
Quadrature Routines as you want. In the current example, we also use a log scale for the fitting
function. (The sample data are already scaled by a log function)
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Compile the code, return to the dialog and then Save the fitting function in the function Organizer and
open the Nonlinear Curve Fit dialog in the Analysis-Fitting menu. You can then select this user-
defined fitting function in the Function Selection page under Setting Tab.

Set the Initial Values for the Parameters

Similarly, as it is a user-defined fitting function, you have to supply the initial guess values for the
parameters. You may manually set them in the Parameter tab in Nonlinear Curve Fit dialog. For
current example, you can just set the initial values for the parameters @ = 1, b = 10, ¢« =3, d = 4.
After the parameters are initialized, you can perform the fitting to obtain the fitting result, as shown in
the following.

Sample Data
Sample Data Results

X Y

-5 498.19046

-4.33333 329.43196

-3.66667 210.28005

-3 126.55799

Value | Standard Error

a 0.899303 0.06577

-2.33333 69.01544 4] 10 5.1 08E-5
¢ 3.00083 0.0062
o 4.00022 §.387T13E-4

-1.66667 31.3555

-1 9.1393

-0.33333 -0.84496

0.33333 -0.99914

1 6.86736

42212 Fitting with Integral using NAG Library
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Summary

Origin allows user to define an Origin C fitting function which involves an integral. You can call NAG
functions to perform the integration while defining the fitting function. There are built-in functions in
Origin C which perform integration. For the current example, the NAG solution is recommended. It
has a better performance compared to the built-in integration algorithm. Note that an infinite NAG
integrator is used here.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn

This tutorial will show you how to:

e Create a fitting function using the Fitting Function Organizer
¢ Create a fitting function with a Definite Integral using a NAG integration routine

e Set up the Initial Code for the fitting function

Example and Steps

We will fit the following model:

T _;1 l:.’—Jr'Ij
¥ =uo+ / e T i

Here Yo A, e and ur are the model parameters we want to obtain from the data fitting. The fitting
procedure can be outlined into the following steps:

Define the Function

Press F9 to open the Fitting Function Organizer and then create a new Category nhamed
FittingWithIntegral. Define a new fitting function nag_integration_fitting in the new category as
follow:

Function Name: nag_integration_fitting
Function Type: User-Defined
Independent

Variables: X

Dependent Variables: y

Parameter Names: y0, A, xc, w

Function Form: Origin C
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Function:

L E

Click the '=_button beside the Function box to open the code builder then follow the steps below:

1. Scroll up to go to line

//add the header file for the NAG functions here.

2. and paste the following code below this line.

#include <OC_nag.h>

3. Gotoline

// and access in your fitting function.

4. and paste the following code below.

struct user // parameters in the integrand

double amp, center, width;

}2

// Function supplied by user, return the value of the integrand at a given

X.

static double NAG CALL f callback(double x, Nag User *comm)

struct user *sp = (struct user *) (comm->p);
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double amp, center, width; // temp variable to accept the

parameters in the Nag User communication struct

amp = sp->amp;

center = sp->center;

width = sp->width;

return amp * exp( -2*(x - center)*(x - center)/width/width ) /

(width*sqrt (PI/2));

5. Gotoline

6.

// Beginning of editable part.

and paste the following code below.

// Through the absolute accuracy epsabs, relative accuracy epsrel and

max_num_ subint you can

// control the precision of the integration you need

// if epsrel is set negative, the absolute accuracy will be used.

// Similarly, you can control only relative accuracy by set the

epsabs negative

double epsabs = 0.0, epsrel = 0.0001;

// The max number of sub-intervals needed to evaluate the function

in the integral
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// The more difficult the integrand the larger max num subint

should be

// For most problems 200 to 500 is adequate and recommended

Integer max num subint = 200;

// Result keeps the approximate integral value returned by the

algorithm

// abserr is an estimate of the error which should be an upper

bound for the |I - result|

// where I is the integral value

double result, abserr;

// The structure of type Nag QuadProgress,

// it contains pointers allocated memory internally with

max num subint elements

Nag QuadProgress gp;

// The NAG error parameter (structure)

static NagError fail;

// Parameters passed to integrand by Nag User communication struct

Nag User comm;

struct user s;
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s.amp = A;

s.center = xc;

s.width = w;

comm.p = (Pointer)&s;

// Perform integration

// There are 3 kinds of infinite boundary types you can use in Nag

infinite integrator

// Nag LowerSemilInfinite, Nag UpperSemilInfinite, Nag Infinite

dOlsmc (f callback, Nag LowerSemiInfinite, x, epsabs, epsrel,

max_num_subint, &result, &abserr, &gp, &comm, &fail);

// you may want to exam the error by printing out error

message, Jjust uncomment the following lines

// if (fail.code != NE NOERROR)

// printf ("%$s\n", fail.message);

// For the error other than the following three errors which are

due to bad input parameters

// or allocation failure NE_INT ARG LT NE_BAD PARAM

NE_ALLOC_FAIL

// You will need to free the memory allocation before calling the

integration routine again to avoid memory leakage

if (fail.code != NE INT ARG LT && fail.code != NE BAD PARAM &&
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fail.code != NE ALLOC FAIL)

NAG_FREE (gp.sub_int_beg_pts) ;

NAG FREE (gp.sub_int end pts);

NAG FREE (gp.sub_int result);

NAG FREE (gp.sub_int error);

// Calculate the fitted value

y = y0 + result;

7. Click Compile to compile the file.

In the above code, we firstly define the integrand as a callback function f_callback just outside the
fitting function body _nlsfnag_integration_fitting. Note that we parametrize the integrand function
with the variables amp, center and width, and pass them into the callback funtion through the
Nag_User struct. Inside the fitting function, we perform the integration using NAG integrator dO1smc.

Calling NAG functions should be more efficient than writing your own routines. Using an analogous
method, you can perform finite, infinite, one-dimension and multi-dimension quadrature in your fitting
function. Please read the NAG Quadrature page and select a proper routine.

Set the Initial VValues for the Parameters or Setup the Initial Code

As it is a user-defined fitting function, you have to supply the initial guess values for the parameters.
You may do it later by setting them manually in the Parameter tab in Nonlinear Curve Fit dialog.

Simulate the Function

After entering the function body codes, you can click the Compile button in Code Builder to check
syntax errors. And then click Return to Dialog button to go back Fitting Function Organizer dialog
box. Now click the Save button to generate the .FDF file (Function definition file).

Once you have a .FDF file, you can click the Simulate button to simulate a curve, this will be very
helpful to evaluate the initial values. In the simcurve dialog, enter some proper parameter values and
X range, and see what the curve looks like in the Preview panel.

Fit the Curve
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Before you start to fit the curve, it is very helpful to simulate the function first. Performing integration
may take some time, if there is any mistake, you may see Origin "freeze" after you click the Fit
button. So in the Fitting Function Organizer dialog, select the function we defined and click the
Simulate button. This will bring up the simcurve X-Function. Enter some "guess" values and click
the Apply button. If the simulated curve looks like your source data, you can go further to fit.

To test the fitting function:

Import \Samples\Curve Fitting\Replicate Response Data.dat to Origin.

2. Next we are going to use log scale of the data in Col(A). To do this, in the F(x) = column label row
of column A, type in the formula Col(A) = log(Col(A)) and hit Enter once to change the data.
Highlight column A and B and create a scatter plot, the shape is a sigmoid curve.

Bring up the NLFit dialog from Analysis: Fitting: Nonlinear Curve Fit menu item.
Select the fitting function we defined in the previous sections and go to the Parameters tab,
initialize all parameters by 1 and fit (click Fit button).

6. You are supposed to see these results:

Standard

Value
Error

y0 |-0.00806 0.18319

A 3.16479 0.39624

Xc |-0.19393 0.10108

w 1.77252 0.33878

4.2.2.13 Fitting with Integral using LabTalk Function

Summary

Since version Origin 8.6, Origin introduces a new LabTalk function, integral(), to do one-dimensional
integration. This function returns the integral value of:

UpperLimait
/ flt.argl, arg2, ...).dt

Lower Limat

And the interface of the integral() function is defined as below:

integral (integrandName, LowerLimit, UpperLimit [, argl, arg2, ...])

Where integrandName here is the function name of the integrand:
flt.argl. arg2. ...)
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In other word, the integral() function do the following things:

e Accept another function (the first argument) as the integrand.
e Perform integration on specified lower and upper limit and return the integral value.

e If need, pass the subsequent arguments (Argl, Arg2, ...) into the integrand function.

Using this feature, we can define a fitting function with integral() function, and pass proper fitting
parameters to the integrand, to do integration in curve fitting.

In this tutorial, we will modify the other tutorial, calling NAG functions to do integration during fitting,
into LabTalk form, and show you how simple and straightforward to fit an integration function.

Minimum Origin Version Required: Origin 8.6

What you will learn
This tutorial will show you how to:

e Create a fitting function using the Fitting Function Builder
¢ Create a fitting function with a Definite Integral using Labtalk function

e Set up the Initial Code for the fitting function

Example and Steps
The Fitting Model

The fitting model is described as below:

3
L= T=-1
2 .

T A
W= n —I- / —ﬁf:_ = .f!TEl
Jooe W/g

There are four parameters in the fitting function, and we need to pass three of them into the
integrand, and use the independent variable as upper limit, to do integration. So you should define
the integrand first, and then use the integral() function to perform integration inside your fitting
function body.

Define the Function

1. Press F8to open Fitting Function Builder dialog. Make sure choosing Create a New Function
option, and click Next to navigate to the next page.

2. Inthe Name and Type page, enter a function name, say MylntegGauss. Leave the default
function type as Expression, and then check the Include Integration During Fitting checkbox.

This will lead you to a new page in the next step.
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Fitting Function Builder - Name and Type - MylntegGauss

Hints
)

Function Type Select or create a Category | | ey Defined I Mew
Select this option for simple fitting Function M ame Mylnteqd auss

functions that have anly one

dependent vanable. File: Mame( FDF) Myl ntegG auss. FOF

The function bady is limited to ohe Description

expression, and you need to provide

only the right hand zide of the equation.
Function Model
This option provides faster performance
thar Origin C. (%) Explicit O Implicit

Example:

. Function Type
a+b*exp[w"ctd] (3) Expression

) Equations

3 Origin
Define the integrand in the next page, .
and include this integrand in your fitting O LabTalk Seript

function. () External DLL-based Function

Include Integration During Fitting

[ Include Integration During Fitting]

In the Integrand page, you can define the expression of the integrand. Currently, Origin
supports one-dimensional integral only, so the integrand should have ONE integration

variable. In this example, the expression of the integrand is:

The other variables, like xc, w, and A, are parameters of the integrand. To distinguish from fitting
parameters, we named them Arguments here, and use the arguments name ixc, iw, and iA
instead. Later, we can pass fitting parameters into these arguments. So, the integrand definition
should looks like:
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Fitting Function Builder - Integrand - MylntegGauss E”E'E'

Integrand Mame |I‘-.-1_I,Ilntegrar‘u:|

Integration V ariable |t

Argurnents |i:-:u:, W, i

function dauble Muylntegrand{double t, double ixz, double iw, double i)

return i expl-2 me] " 24w 2] A (v sqrP1A2));

Cancel (CHack] [New» |

Note that this is a LabTalk function. To get the integration value, you must have a RETURN

statement in the function body. And the integrand expression in this example should be:

return 1A * exp (-2* (t-ixc)"2/iw"2) / (iw*sqrt(PI/2));

When all set, click Next to go to the Variables and Parameters page to define the variables and

parameters for the fitting function as below:



Data Analysis

Fitting Function Builder, - Variables and Parameters - MylntegGauss E”E'E'

|ndependent ariables |:-:

Dependent Y anables |_I,I

Parameters | (NIRRT

Derived Parameters |

Constants |

| Peak Function

Cancel ek [New>» |

The next Function page is where you define the fitting function body. Once you choose to

include integration in your fitting function at the beginning of the fitting function builder wizard,
there is an extra tab, Integrand, shown on this page. In this tab, you can map the fitting variables
and parameters with elements of the integrand, including lower limit, upper limit, and integrand

arguments. And in this example, we will map the variables as below:

Integrand elements Values pass into integrand
Lower Limit -inf
Upper Limit X
ixc XC
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iA A

6. Once set up all the mappings as above table, click the Insert button, then well prepared

integral() function is inserted into the Function Body box as:

integral (MyIntegrand, -inf ,x ,xc ,w ,A)

7. This expression means perform integration on the function, whose name is Mylntegrand,
from negative infinite to x, and pass the three fitting parameters, xc, w, and A to the

integrand.

8. By adding the constant parameter, yO0, into the expression, the whole fitting function body
should be:

y0 + integral (MyIntegrand, -inf, x, xc ,w ,A);

9. And the page may looks as below:

10.

Fitting Function Builder - Expression Function - MylntegGauss

44
. | Parameters | Ennstantsl Integrand

integrallMylntergrand, -inf = xo w4

e

Elernent | Walle
Lower Limit -inf
Upper Limik 4

iwe
i
i
= —

Function Body

¥= 1yl + integrallMylntearand, -in, =, ©o o A

[uick Check
Edl |

|§<< Eau:k?l [Ne:-:t>>] [ Firizh ]I
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11. Then active the Parameters tab, and give some proper initial values for each fitting parameters
as:

Fararmeters I Eunstantsl Integandl

FParam | L|nit| Meaning|Fi:-:ed| Imitial Walue | Sighifizant Digitz
L0 [] a Systern v |
R ] a Spstern |
W L] p System |
A [] 3 Spstern |

Now, you can click Finish button to save this fitting function.

Fit the Curve

Copy and paste the following data into Origin worksheet:

X Y
-1.69897 0.13136

-1.22185 0.34384

-0.92082 0.6554

-0.82391 0.73699

-0.69897 1.00157

0 1.70785

0.30103 2.31437

0.69897 2.77326

1 2.79321

Highlight the Y column, and press Ctrl + Y to open the NLFit dialog. Select the function you just
defined, and click Fit button to perform fitting. The fitting result should be the same like using NAG
function directly:
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- Parameters  ~|

Value Standard Error
yo -0.01749 0.20203
¥ -0.21058 0.11852
w o 1.76925 0.36484
A 315913 042476

Reduced Chi-sqr = 0.01148376.22841

COD{R*2} = 0.59334503530733

Iterations Performed = &

Total lterations in Session =8

Fit converged. Chi-Sgr tolerance value of 1E-9 was reached.

42214 Fitting with Two Integrals using LabTalk Function

Summary

In some circumstance, one may want to create fitting function with multiple integrals:

e rrz
/ flt.argl.arg2. ...) dt + glx. arg3.argd....) dr
JLL] JLLZ

We refer to Fitting with Integral using LabTalk Function for detailed description of parameters in the
expression.

In version Origin 8.6, however, Fitting Function Builder just supports one integral in fitting function.
Bypassing complex Origin C code, we can use Fitting Function Organizer to reach the goal.

In this tutorial, we will show you how to create a fitting function comprised of two integrals using
function organizer. Of course, one can include more integrals as desired.
Minimum Origin Version Required: Origin 8.6

What you will learn

This tutorial will show you how to:

e Create a fitting function using the Fitting Function Organizer
e Create a fitting function with two integrals using LabTalk function
Example and Steps

The Fitting Model

The fitting model is described as below:

¥=yn+ [ At dt— / Bt exp(—t*/w?) dt

o

There are four parameters in the fitting function, and we need to pass three of them into the
integrand, and use the independent variable as upper limit, to do integration.

Define the Function
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1. Press F9 to open Fitting Function Organizer dialog. Add a new function by pressing New
Function after you select a category in which you want to put your function. One can also add
new category by pressing the New Category button.

s Fitting Function Crgani

(#) ] Hyperbola -
@) [ Logarithm Name UserDefined
(#) (] Peak Functions

(# _d Polynomial

[#) ] Power

# _J Rational

) [ Waveform

[# (] Surface Fitting
[ ) PFY

(#) ] Baseline

(#) _J Chromatography

#) _J Electrophysiology
% ] Pharmacology

(# [ Spectroscopy

# [ Statistics

(# [_JQuick Fit | Simulate
# _JMaltiple Variables
B B Vser Defined

Busder..

Duphcate

m

Recet

[2) mymultifit (User)*

Equation | Sample Curve | Hints |

2. Specify the function name in the Function Name edit box as you like. Define Independent
Variables, Dependent Variables and Parameter Names in corresponding edit box.

3. Select the Function Form in the drop box. One can find explanations in the Hints tab at the
bottom of the dialog.
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n Fitting Function Organizer e e S|
# [ Logarithn Function Name mymultiit
o ; New
O W teak Functisax File Name(.FDF) C:\Usershjason\Documents\(
# 4 Pol 1al ;
i i | Brief Description
ower
&) [ Retional References
® [ ¥Yaveforn A
¥ [ Surface Fitting Duplicate
@ [ PR pr |
® D Baseline Function Type Uszer-Defined v
= |
#) [ Electrophysiology " | Function Model
# [ Pharnacology s
< Independent Variables %

i# [ Spectroscopy )
® [ Statistics Dependent Variables ¥ .
& Quick Fit Parameter Names abwey0
@ 4 Maltiple Varisbles ! e — s
& [ User Defined ||| Function Form Equations | ¥ 2 )

~ | Function -

[ Equation | Sample Cuve] Hints |
Function Faim has the following chosces [Note that Y-Script, Expression and Equation require LabT alk syntax whie OniginC requil ~
Origin C:  This is most flexble and most common. This allows you to define the function using Origin C syntax
Expression: This is imited to function definitions with a single dependent vaiiable.

The expression can only be in a single line.
Y-Sciipt:  This allows using LabT ak script to define the function.

This option will be slower than Onigin C and is mamnly provided for backward compatibiity with older versions.
Equations: This is appropriate for one or more dependent variables. ~

< n | »

4. Inthe Function edit box, define your fitting function. The integrals are written in the form of
LabTalk integral function.

y=integral (polyint, -5, x, a)-integral (gaussint, -inf, x, b, wc)+y0

5. As described in Fitting with Integral using LabTalk Function, x, a, b and wc are parameters

passed into the integrand functions.
6. Press the button at the right corner of Parameter Settings box to active Parameter Settings
dialog. Set initial values as well as other constraints such as lower bounds, upper bounds for
each parameter.

236


http://www.originlab.com/doc/Tutorials/Fitting-Integral-LabTalk

Data Analysis

W ' Fitting Function Organizer =
|[® [ Hyperbola &) ° - - — - Save
|® 6 Logaritha y=integral(polyint, -5, %, a)-imegraligaussint, -inf, ¥, b, \ :
|[# [ Peak Functions 7 K W
# [ Polynonisl Peak Function ! ot Easciion
|# J Power Parameter Settings
J B (0 et anal InitialValues = 0.25(V].4(V).1(V16V) A g I
| [ Waveform Meanings = 7.2.2.7
| ) Surface Fitting l':'owetgmmds = -E:, gg{ﬂ g:fr}.—ﬂ, gg{'ﬂ gg} B ¢
| - m@ndS"‘, |l |1, ~{l,
jEmITE | |NamingMethod = User Defined
@ [ Baseline NumberOfSignificantDigis = 0,0,0,0 -
[ 3 Chromatography - A Llrd =
[#) [J Flectrophysiclogy| M ' Parameter Settings =B
[# (] Pharmacology —
[# [ Spectroscopy Parameters
|® _: Statisties Param | Unit | Meaning !ﬁxedi Yalue | Significant Digits Lower Bounds @<
||® 2 Quick Fit a ? Pl  o0.25 Systen [=]
| dMultiple Variable b 9 F 1 Systen ™=
| [ User Defined e 9 ] 1 Systen =
| 5 0 ? i 3} Systen E|
quudion I Sqnpla Cuvo]
This edit box can be usedt < | I | ’
G
‘ou can chek b on to ! '
1athes than typing in the & "I Peak Function [ oK ] [ Cancel ]

<

7. Define the two integrals in the LabTalk Functions Definition and Initializations box. In this

case, the functions should be:

{

return ia*t;

function double gaussint(t, ib, iwc)

{

function double polyint(double t, double ia)

return ib *t* exp(-(t)*2/iwc”2) ;

8. We have successfully set our two integrals fitting function. You can set other information in

corresponding box. Do not forget to Save your fitting function after you finish.

237




Tutorials for Origin

Fit the Curve

Copy and paste the following data into Origin worksheet:

X Y

-3 2.47613
-2.6 2.24016
-2.2 2.01543
-1.8 1.83094
-15 1.85038
-11 2.17725
-0.9 2.44967
-0.7 2.61423
-0.5 3.02305
-0.3 3.23057
-0.1 3.37822
0.1 3.2827

0.3 3.18775
0.5 2.86194
0.7 2.69104
0.9 2.39315
14 2.04046
18 1.85287
2.2 1.85325
2.6 2.20569

Highlight the Y column, and press CTRL + Y to open the NLFit dialog. Select the function you just

defined, and click fit button to perform fitting.
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- Parameters hd
Walue Standard Error
a 0.26191 0.03201
b 35282 021956
wc  1.07153 0.04832
y0 4.57942 0.29938

Reduced Chi-sqr = 0.003 78913022851

COD{R*Z) = 0.5BB544354TT482

Iterations Performed = 7

Total lterations in Session =T

Fit converged. Chi-Sgr tolerance value of 1E-% was reached.

42.2.15 Fitting with Summation

Summary

We have showed you how to perform fitting with an integral using the NAG Library, and now you'll
learn how to do that without calling NAG functions. In this tutorial, we will show you how to do
integration by the trapezoidal rule and include the summation procedure in the fitting function.

Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

¢ How to include summation in your fitting function.
e Trapezoidal rule for integration.

Example and Steps

We will fit the same model as the integral fit using NAG:

x _;1 ( _Jr_li
Y= up+ / = e 2w . dr

The difference is that we will perform the integration within the fitting function. Using the trapezoidal
rule, we will first divide the curve into pieces and then approximate the integral area by multiple
trapezoids. The precision of the result then depends on how many trapezoids will be used. Since this
is a semi-infinite integration, we will set an increment (steps) and construct trapezoids from the upper
integral limit, x, to the lower integral limit, negative infinity and then accumulate the area of these
trapezoids. When the increment of the area is significantly small, we will stop the summation. Before
doing the summation, you should guarantee that the function is CONVERGENT, or you should
include a convergence check in your code.
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dTrapezia /

Define the Function

Select Tools:Fitting Function Organizer or alternatively press the F9 key to open the Fitting
Function Organizer and then define the function as follows:

Function Name: summation
Function Type: User-Defined
Independent

Variables: X
Dependent Variables: y

Parameter Names: y0, A, Xc, w
Function Form: Origin C
Function:

Click the button (icon) beside the Function box to open Code Builder. Define, compile and save the
fitting function as follows:

#pragma warning(error : 15618)

#include <origin.h>

// Subroutine for integrand

double f (double x, double A, double xc, double w)
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return A * exp (-2* (x-xc)* (x-xc)/w/w) / w / sqrt(PI/2);

1/

void nlsfsummation (

// Fit Parameter (s):

double y0, double A, double xc, double w,

// Independent Variable(s):

double x,

// Dependent Variable(s):

doubleé& v)

// Beginning of editable part

// Set the tolerance for stop integration.

double dPrecision = le-12;

// Initialization

Il
o
o
~

double dIntegral

double dTrapezia = 0.0;

// Steps, or Precision.

double dStep = 0.01;

Data Analysis
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// Perform integrate by trapezoidal rule.
// Note that you should guarantee that the function is CONVERGENT.

do

// Trapezia area.

dTrapezia = 0.5 * ( £(x, A, xc, w) + f((x-dStep), A, xc, w) ) *

dStep;
// Accumulate area.
dIntegral += dTrapezia;
x —-= dStep;
}while ( (dTrapezia/dIntegral) > dPrecision );
// Set y value.
y = y0 + dIntegral;

// End of editable part

Fit the Curve
We can use the same data to test the result.

1. Import\Samples\Curve Fitting\Replicate Response Data.dat.

2. Highlight the first column, right-click on it, and select Set Column Values from the context menu.

3. set CollA) = log(CollA)]in the set Column Values dialog. This will make a sigmoidal

curve.
4. Highlight columns A and B and create a scatter plot.
Then bring up the NLFit dialog by pressing Ctrl + Y. Select the fitting function we just defined and

go to the Parameters tab, initialize all parameters to 1 and fit. You should see these results:
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Value Standard Error
y0 -0.00806 0.18319
A 3.16479 0.39624
XC -0.19393 0.10108
w 1.7725 0.33878

42.2.16 Fitting Complex Function

Summary

When fitting with a complex function, we can easily separate the complex function to two functions:
one corresponding to its real part and the other corresponding to its imaginary part. With these two
functions, we can define the complex fitting function with two dependent variables by Fitting
Function Organizer and can access it in NLFit dialog. We will illustrate how to fit with complex
function below. More details about fitting with multiple dependent or independent variable please refer
to Fitting with Multiple Independent Variables.

Minimum Origin Version Required: Origin 8.0 SR6

What you will learn
This tutorial will show you how to:

¢ Create a user-defined complex fitting function with two dependent variables and one independent

variable

e  Fit with such function in NLFit

Steps

1. Select whole form below (including header line) and right click to choose Copy to put the data in

clipboard.
Omega Y1l Y2
0 3 0
0.01 2.88462 -0.28846
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0.02 2.58621 -0.51724
0.03 2.20588 -0.66176
0.04 1.82927 -0.73171
0.05 15 -0.75
0.06 1.22951 -0.7377
0.07 1.01351 -0.70946
0.08 0.8427 -0.67416
0.09 0.70755 -0.63679
0.1 0.6 -0.6
0.11 0.5137 -0.56507

2. Select Import/ Import Wizard to open Import Wizard dialog. Then choose Clipboard in Data

Source group and click Finish to import the data.

Import Wizard - Source

[rata Type
(&1 ASCI

[rata Source

() File

(%) Clipboard

) User Defined

3. Select Tools: Fitting Function Organizer from menu (or press F9) to bring up the Fitting

Function Organizer and define a new fitting function named ComplexFitting in NewCategory

(create the category if not exist) as follow:
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Function Name: ComplexFitting
Function Type: User-Defined
Independent Variables: omega
Dependent Variables: yl,y2
Parameter Names: A tau
Function Form: Origin C
complex cc = A/(1+1li*omega*tau);
Function: yl =cc.m_re;
y2 = cc.m_im;

4. Note: To use the imaginary unit "i" for creating complex numbers, you need to write it as "1i"
in Origin C, as in the above Function row. And complex is a class that implements a

complex number data type. It contains both a Real and an Imaginary component.

5. For more details about creating user-defined fitting function, please refer to User Defined

Fitting Function using Origin C.

6. Highlight all the columns and select Analysis: Fitting: Non-linear Curve Fit from menu to bring
up the NLFit dialog. Select the function ComplexFitting from NewCategory on the Settings:
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Function Selection page. Set the input datasets in the Data Selection page as follow:

B NLFit (ComplexFitting (User)) A=l 3
Malag Theme ﬂ
Settings | Code | Parameters | Bounds
Function Selection i
Data Selection Multi-Data Fit Mode
Fitted Curves
Fitd 5.0 Weights | I1ze Each Range's Setting w |
Advanced E Input Data [[Back1]5heetila Omega™ BT CV2"] [..f»]
Cutput
El Range 1 [[BookJSheetlI{& Omega B 1".C2"] [v]
Wiorkzheet  [Book1]Sheetd
u B w B
v C:ve w 3
k., ] . -
f€n||ﬂ| l==|ﬁ| 5-)|§-]|f|ﬁ, %, [ Fit HDDHE ”Eancel]j

7. Select Parameters Tab and set the initial values as follows:

Seftings | Code | Parameters | Bounds

Autarmatic Parameter Initiahization 1z enabled.

Param | Meaning | Fised | “alue | Ermar
A ? ] 1
baL 7 ] 1

8. Click Fit to generate the fitting report sheet. You can see the results from the report worksheet as

below:
Parameters
Walue Standard Errar
A 236712 015413
.2 tau 15.84746 1.94844
Statistics
R ¥
Mumhber of Points 24
Degrees of Freedom 22
Feduced Chi-Sgr 0123349
Fesidual Sum of Squares 271441
Adj. R-Square n.a23a7
Fit Status Succeeded(100)

From the Statistics table, we can see that the fitting is fairly successful.

42217 Fitting with Convolution

246



Data Analysis

Summary

When performing curve fitting to experimental data, one may encounter the need to account for
instrument response in the data. One way to do this is to first perform deconvolution on the data to
remove the instrument response, and then perform curve fitting as a second step. However,
deconvolution is not always reliable as the results can be very sensitive to any noise present in the
data. A more reliable way is to perform convolution of the fitting function with the instrument response
while performing the fitting. This tutorial will demonstrate how to perform convolution while fitting.

use built-in fitting function GaussMod in Peak Functions category to directly fit

| . . . . .
If your data is a convolution of Gauss and Exponential functions, you can simply
; your data.

Minimum Origin Version Required: Origin 2016 SRO.
What you will learn
This tutorial will show you how to:

e Access fitting information during iterations.

e Perform convolution while fitting.

Example and Steps
Background

Let's start this example by importing \Samples\Curve Fitting\FitConv.dat.
sy | B | e

Sampling | Signal Impulse
0 -0187745
0.1 -0.32893
0.2 010044
0.3 0.09394
04 -01292 0
045 006346 1 486T72E-B
06 0194583 1.3383E-4

[ e Y

The source data includes sampling points, output signal, and the impulse response. This experiment
assumes that the output signal was the convolution of an exponential decay function with a Gaussian
response:
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Exponential Decay Function

R esponse Crutput Signal

Now that we already have the output signal and response data, we can get the exponential decay
function by fitting the signal with the below model:

T ioC
Yy =y + / Ae™ @ Response,dr

W — ORD

Define the Function

Obviously, column 1 and column 2 are x and y respectively in the function. How about column 3, the
impulse response? We will access this column within the fitting function, and compute the theoretical
exponential curve from the sampling points. Then we can use fast Fourier transform to perform the
convolution.

Press F9 to open the Fitting Function Organizer and define a function like:
Function Name: FitConv

Function Type: User-Defined

Independent Variables: x

Dependent Variables: 'y

Parameter Names: yo, A t
Function Form: Origin C
Function:

Click the button (icon) beside the Function box and write the function body in Code Builder:

#pragma warning(error : 15618)

#include <origin.h>

// Header files need to be included

#include <ONLSF.H>

#include <fft utils.h>

//
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//

void nlsfTestConv (

// Fit

double

Parameter(s) :

y0, double A, double t,

// Independent Variable (s) :

double

Xy

// Dependent Variable(s):

doubleé& vy)

result.

// Beginning of editable part

NLFitContext *pCtxt = Project.GetNLFitContext () ;

Worksheet wks;

DataRange dr;

int cl,c2;

dr = pCtxt->GetSourceDataRange(); //Get the source data range
dr.GetRange (wks, cl, c2); //Get the source data worksheet
if ( pCtxt )

// Vector for the output signal in each iteration.

static vector vSignal;

// 1If parameters were updated, we will recalculate the

Data Analysis

convolution
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BOOL bIsNewParamValues = pCtxt->IsNewParamValues();

if

(

bIsNewParamValues )

// Read sampling and response data from worksheet.

Dataset dsSampling(wks, 0);

Dataset dsResponse (wks, 2);

int iSize = dsSampling.GetSize();

vector vResponse, vSample;

vResponse = dsResponse;

vSample = dsSampling;

vSignal.SetSize (iSize);

vResponse.SetSize (iSize) ;

vSample.SetSize (iSize) ;

// Compute the exponential decay curve

vSignal = A * exp( —-t*vSample );

// Perform convolution

int iRet = fft fft convolution(iSize, vSignal,

vResponse) ;



interval

Data Analysis

//Correct the convolution by multiplying the sampling

vSignal = (vSample[l]-vSample[0])*vSignal;

NLSFCURRINFO stCurrlInfo;

pCtxt->GetFitCurrInfo (&stCurrInfo) ;

// Get the data index for the iteration

int nCurrentIndex = stCurrInfo.nCurrDatalndex;

// Get the evaluated y value

y = vSignal [nCurrentIndex] + yO0;

// For compile the function, since we haven't use x here.

// End of editable part

Traditionally, for a particular x, the function will return the corresponding y value. However, when
convolution is involved, we need to perform the operation on the entire curve, not only for a particular
data point. So, from Origin 8 SR2, we introduced the NLFitContext class to achieve some key
information within the fitter. In each iteration, we use NLFitContext to monitor the fitted parameters;
once they are updated, we will compute the convolution using the fast Fourier transform by the

fft fft convolution method. The results are saved in the vSignal vector. Then for each x, we can get

the evaluated y from vSignal with the current data index in NLSFCURRINFO.

Fit the Curve

251


http://www.originlab.com/doc/OriginC/ref/NLFitContext
http://www.originlab.com/doc/OriginC/ref/fft_fft_convolution

Tutorials for Origin

In the fitting function body, we read the response data directly from the active worksheet. So, you
should perform the fit from the worksheet.

Highlight column B and press Ctrl + Y to bring up the Nonlinear Fitting dialog.
Choose X Data Type from Fitted Curves page as Same as Input Data.
Go back to the Function Selection page to select the FitConv function you just defined.

Go to the Parameter tab to initialize the parameters as y0=0, A=10, t=1.

g~ wbdh e

Click the Fit button to generate the results.

If you use a fitting function similar to this tutorial, please note when you run NLFit in Origin, in NLFit
dialog, choose X Data Type from Fitted Curves page as Same as Input Data.

42.2.18 Quoting Built-in Functions in Your New Function

Summary

This tutorial will show you how to reference a built-in function when creating a user-defined fitting
function.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn
This tutorial will show you how to:

o Define a piecewise fitting function
e Access built-in functions in you new function

e Auto initialize the parameters

Steps
Data

Start by importing the file \Samples\Curve Fitting\Asymmetric Gaussian.dat into a new workbook.

Highlight column B and create a graph. The peak in the data is slightly skewed to the right. How to fit
such a curve? One idea is to divide the curve into two parts - We can consider this curve to be
composed of two Gaussian function as below. These two Gaussian curves share the same baseline
and peak center, but differ in peak width and amplitude.
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HE

Define the Function

Press F9 to open the Fitting Function Organizer and define the function as below:

Function Name:

AsymmetricGauss

Function Type:

User-Defined

Independent Variables:

Dependent Variables:

Parameter Names:

y0, xc, wl, w2, Al, A2

Function Form:

Origin C

Function:

y = x<xc? nlf_Gauss(x, y0, xc, wl, Al) : nlf_Gauss(x, y0, xc, w2, A2);

Note:

x; y0; xc; wl; w2;

function successfully.

For versions before Origin 8.1, the function body should be defined as:

y = x<xc? nlfxGauss(x, y0, xc, wl, Al) : nlfxGauss(x, y0, xc, w2, A2);
Al; A2;

Listing the parameters at the end is used to avoid the "parameter not used inside the function
body" error, although you already use these parameters. This is required to compile the

When calling nlf_FuncName to reuse built-in functions, the syntax is:
nlf_FuncName( independent variable, parameter list ... )
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where FuncName is the fitting function name. Besides, the old notation, nlfxFuncName also
supported.

The Parameter List follows the parameter order in function definition file for the built-in function (the
FDF file. You can open the FDF file in Notepad. The files are located in the \Origin EXE
Folder\FitFunc\). Note that, the function name we use is the DLL interface name. The actual name in
the [General Information] section of the FDF file. Look at the Function Source item and the value is
fgroup.FuncName, and use the FuncName. In most cases, this function name is consistent with the
function name visible in the NLFit dialog. For a few few functions such as Voigt, these names are
different.

For parameter initialization of this skewed gaussian function, we can simply copy the initialization
code of the built-in gauss function, and make a few minor modifications:

xc = peak pos(x_ y curve, &wl, &y0, &Al);

w2 = wl;

A2 = Al;

The final function body should be as below:
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Function Hame Agummetric[ augs
File Name[_.FDF] C:ADocuments and SettingshAdminiztrato

Brief Description

References

;l
Function Type [dzer-Defined w
Function Model Explicit w
Independent ¥ariables b
Dependent Yariables [N
Parameter Names wlacwl w2 Al b2
Function Form Origin C w
Treat All Humbers As Double
Denvatives ]
Function

y=wowc? nlif_Gauss(s, w0, 2 w1, A1) nlf_Gauss(=, v0, #o, w2, A2 Ly

hd|
Peak Function [F]
Parameter Settings
Initiafy alues = -] -[¥ ][] V][] -[¥] Ly 2(=
Meanings = 7.7.7.72.72.7
LowerBounds = -[|, QFF]-[1. QFL-[1. QL-(1, DFL-~(1. DFF)-[I. OFF]
UpperBounds = {1, QFF.-[1, QfF,-{1. QFF),-{I. QFL,-{1. DFF.-[1, Q)
M amingkdethod = Uzer-Defined
MurnberdfSignificantDigitz = 0,0,0,0,0,0
Urit = ...
Format = - - - .-,
CuztormDisplay = - - -~ -
=)
Enable Auto Initialization
Use OriginC
Parameter Initialization
we = peak_pos(x_y_curve, &, B0, 847); "E

we =wl a2 =41

Once compiled successfully, save the function and fit the curve. The results should be as below:
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Value Standard Error
yO  1.80002 4 7H492E-5
) 4.50001 3.44845E-5
w1 1.80003 4 49861E-5

AELATEE w2 o 2.899993 4 BTEHEBE-5
Al a0 0.00103
AZ 49.99962 0.00111

4.2.2.19 Fit Function with Non-constant Background

Summary

Many of the Origin built-in functions are defined as:
Y=1yoTt .

Where y0 can be treated as the "constant background". How about fitting a curve with a non-constant
background? One option is to use the Peak Analyzer we provide. The Peak Analyzer includes
multiple methods to subtract the baseline, including exponential or polynomial backgrounds. In this
tutorial, we will show you how to fit such curves without using the Peak Analyzer.

Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

e Review Worksheet Query.

¢ Quote a built-in function by nlfxFuncName method.
e Auto Initialize the parameters.

Example and Steps

Prepare the Data

Let's start this tutorial by importing \Samples\Spectroscopy\Peaks on Exponential Baseline.dat. From
the worksheet sparkline, we can see that there are two peaks in the curve. To simplify the problem,
we will fit just one peak in this example.

A B
Channel | Amplitude

N

10 424
11 416
12 4.08
13 4.02
14 385

i 14 389 7
~\F"nf:aks on Exponential Bazeline 'f’HJ

256


http://www.originlab.com/doc/Tutorials/Extract-Wks-Data
http://www.originlab.com/doc/Origin-Help/UserDef-FitFunc

Data Analysis

Now bring up the Worksheet Query dialog from Worksheet : Worksheet Query. And we will extract
data from row 1 to row 240:

B Worksheet Query - [PeaksonExpone] Peaks 'lkn Exponential... |:|
File Scripts  Fix)

Colurnns: Select Columnn Yarables for If Test

Extract | Mame Alias | Calumn ou heed to move columns

Chant ko thiz izt before you can

- Lize them to build test
Arnplitu conditions. You can change

the aliaz by clicking.

=

Condition:
If |i=240 Add...
NOT | (1] (0]
Riows Found : - l Test - select if tue ]
Row(i} From |1 |Ta (346 |[ AlRows |
Output;

Recalculate |Mone L

) Add a column of 1=true 0=falze
() Extract to New “Warkshest

(%) Extract to Mew wWorkbook
() Extract to Specified Sheet

) Fill with S pecified Calar
) Select

1]

AN =

So the curve we will fit should look like this:
5 -

4

Arnplitude
- (] (%]

[}
1 L

0 50 100 150 200 250
Channel

Define the Function
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As illustrated below, we can consider the source curve is the combination of an exponential decay
component (the background) with a Voigt peak:

Zource Data

- - —Exponential Component
\ - - —-Peak component

So should we write down the whole equation to define the function? Like:

2wy In2 [ -t
y=yo+ Ay 4, 7L / 2 : 7t
= (Vin222) 4 (VAn2zze — o)

Well, this is a complicated equation and it includes infinite integration. Writing such an equation
directly is painful. Now that we already have these two built-in functions:

ExpDecl:
y = yo+ Ae" "/
Voigt:
2wpIn2 [~ et
y=yo+ A—F— / Z — 7 dt
+ (VAn2Ezze - ¢)

R p—

we can simply use the nlfxFuncName method to quote these two built-in functions and create a new
one. Press F9 to open the Fitting Function Organizer and define a function as below:

Function Name: ExpVoigt

Function Type: User-Defined
Independent Variables: X

Dependent Variables: y

Parameter Names: y0, A1, t1, xc, A2, wG, wL

258




Data Analysis

Function Form: Origin C
Function: y = nlf_ExpDecl(x, y0, Al, t1) + nlIf_Voigt(x, y0, xc, A2, wG, wL) - y0;
Note:

Some of the built-in function names do not consistent with the actual DLL function
name. Just like this Voigt function, it's defined in Voigt5.FDF, and if you open the FDF
file by Notepad, you can see a line under [GENERAL INFORMATION] section says:

Function Source=fgroup.Voigt5

The name after "fgroup" is the actual name we should put into nlf_FuncName.

Besides, for versions before Origin 8.1 SR2, the function body should use old
nlfxFuncName notation and define as:

y = nlfxExpDecl (x, y0, Al, tl) + nlfxVoigt(x, y0, xc, A2, wG, wL)

- y0;

x; Xc; Al; tl; A2; wG; wL;

Listing the parameters at the end is done to avoid the "parameter not used inside the
function body" error, although you already use these parameters. If not, you will not

compile the function successfully.

A
Click the Ebutton on the right of the Parameter Settings and enter these parameter initial values:

yO: 0
Al: 5
t1: 50
XC: 100
A2: 50
wG: 10
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wL: 10

So the final function definition part should look like:

Function Type [dzer-Defined -
Function Model E wplicit W
Independent Yariables %

Dependent Yariables I

Parameter Hames wLAT T b i il

Function Form Crigin C W
Treat All Humberz As Double
Denvatives ]

Function

= nlf_ExpDect(=, w0, A7, 111+ nlf _Woighlx, w0, sc, A2, wiE, wl] - wd;

Peak Function [F]

Parameter Settings

Imitialy alues = 0[W].50).500], 100015001001 00)
7

LowerB ounds = {1, QFF).-[1, Q-1 QfF-{I. QfF--[I, QEFL-[1, Qff)-I
UpperBaounds = (|, QFF-(1. Q)L QfL--(1, QL[ D)1, QfFL.-(]
Mamingkdethod = Uzer-Defined

MHumberDfSigrificantDigits = 0,0,0,0,0,0,0

Urit = ......

Auto Parameter Initialization

L

Elﬁ_

In the above section, we set fixed parameter initial values. If you know the possible fitted results, you
can set the initial values in this way. But how about when the data is changed? Origin provides an
Origin C interface to "guess" the initial values. To use the parameter initialization code, make sure to
check the Enable Auto Initialization and Use OriginC checkboxes, and edit the code in Code

Ful
Builder by clicking the ﬁicon.
(P.S: If you know the initial values very well, or you don't like coding, please skip this section.)
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Enable Auto Initialization [+
Use OriginC ~

Parameter Initialization

int ASign;

11 = get_exponent(x_data, v_data, &0, &47, LnSign);
H=-1M:

A1 = nSignexpl&l];

Elﬁ_

W_Wcurve = ®_y_curve - [0 + A1 * expl-4_data]):

#C = peak_pos(s_y_curve, i, byl BA2);
wl = wi;

I

Now that the curve is composed by two components, we can guess the parameter values by
separating these two parts, the initialization code includes:

1. Use the get_exponent function to fit the curve and get the parameter values for exponential
component.

2. Remove the background -- exponential component -- from source data.
Approaching the peak by Gaussian peak using peak pos function and set the initial values for

peak component

So, the initialization code in Code Builder should look like this:

void nlsfParamExpVoigt (

// Fit Parameter (s):

double& y0, double& Al, double& tl, double& xc, double& A2, double& wG, double& wlL,
// Independent Dataset (s):

vectoré& x data,

// Dependent Dataset (s) :

vector& y data,

// Curve (s) :

Curve x_y curve,

// Auxilary error code:
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int& nErr)

// Beginning of editable part

int nSign;

// Evaluates the parameters' value, y0, 1In(A) and R for y = y0+A*exp (R*x) .

tl = get exponent(x data, y data, &y0O, &Al, &nSign);

// Set the exponential component values for the fitting function.

tl -1/t1;

Al

nSign*exp (Al) ;

// Remove the exponential component from the curve;

X y curve = x_ y curve - (y0 + Al * exp(-x_data/tl));

// Fit to get peak values.

xCc = peak pos(x_y curve, &wG, &y0, &A2);

wL = wG;

// End of editable part

Note:

When you check the Enable Auto Initialization and enter the initialization code, this code will
cover the initial values in Parameter Settings.

Fit the Curve

No matter what kind of parameter initialization method you used, highlight column B and press Ctrl +
Y to bring up the NLFit dialog, select the ExpVoigt function and fit. The result should be:
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ya 0.04362 0.00724

Al 5.08842 0.02598

t1 5067095 0.51938

Amplitude | xc  102.31043 0.07241
AZ 3291106 092012

wG 965255 067731

wlL 57529 081022

4.2.2.20 Fitting with Piecewise Functions

Summary

We will show you how to define piecewise fitting function in this tutorial.

Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

This tutorial will show you how to:

o Define piecewise (conditional) fitting functions.

Example and Steps

Data Analysis

We can start this tutorial by importing the sample \Samples\Curve Fitting\Exponential Decay.dat data
file. Highlight column D and plot a Scatter Graph. You can fit this curve using built-in functions under
Growth/Sigmoidal category, however, in this tutorial, we will separate the curve into two parts by a

piecewise function.

L
-

So the equation will be:

B et” o .
a4+br4+e o, ifr<

¥=
i =+ b,

Define the Function

if v =

o
-.\q‘..'l-f FoL -
L pndﬁ.‘ F.o ' “m‘f”':
Exponential Straight
Curve Line

€,

€,
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Press F9 to open the Fitting Function Organizer and define a function like:

Function Name: piecewise
Function Type: User-Defined
Independent

Variables: X
Dependent Variables: y

Parameter Names: xc, a, b, t1
Function Form: Origin C
Function:

A
Click the Ebutton on the right of the Function edit box and define the fitting function in Code Builder
using:
void nlsfpiecewise(
// Fit Parameter (s):
double xc, double a, double b, double tl1,
// Independent Variable(s):
double x,

// Dependent Variable(s):

doubleé& v)

// Beginning of editable part
// Divide the curve by if condition.

if (x<xc) {
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y = atb*x+exp (- (x-xc)/tl);

} else {

atb*x;

Y]
Il

// End of editable part

Fit the Curve

Press Ctrl + Y to bring up NLFit dialog with the graph window active. Select the piecewise function
we defined and initialize the parameter values:

XC: 1
a: 1
b: -1
tl1: 0.1

Click Fit button to generate the results:

XC: 0.24

a: 36.76585
b: -24.62876
t1: 0.04961

Note that this function is sensitive to xc and t1, different initial values could generate different results.

4.2.2.21 Fit Curve Through Certain Points

Summary

This tutorial shows you three methods to force a fit curve to go thru a particular point. Choice of
method depends on function expression and the data point you want the fit curve to go through.

What you will learn

265



Tutorials for Origin

e Learn different methods to force a curve to go through a point.
e Fix fitting parameters during nonlinear fitting.
e Use general linear constraints in nonlinear fitting.

e Fit with weights.

Example and Steps
Fixing Function Parameters

This method works only when the point you want to fit through is related to a function parameter. One
typical example: force the fitted line to go through the origin point, (0, 0), when fitting a straight line,
y=a-+b#*x |nthis particular case we know that if we let @ = (J, the line will go through (0,0).

1. Import the data "\Samples\Curve Fitting\Linear Fit.dat" into an Origin worksheet.

2. Highlight one of the Y column, column D for example, and select Analysis: Fitting: Nonlinear
Curve Fit to bring up the NLFit dialog.
Choose the Line function after selecting the Polynomial category.
Click the Fitted Curves page on Settings tab. Under the X Data Type branch, make sure the
Range option is Use Input Data Range + Margin, and then enter 10 in the Range Margin(%)

edit box. This option will lengthen the fitted curve.

5. Click the Fit until converged button ﬂ You can see from the Fit Curve tab that the curve

does not go through the origin point.
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B NLFit {Line)

Dialog Theme

Settings | Code || Parameters | Bounds |

Function Selection Bl = Data Type | Uniform Linear w | A
Data Selection
: Paints 1000
Range | Jze Input Data Range + Margin w |
Advanced ) —
ot Range Margin 4 () |
Confidence Bands F
Prediction Bands F] L
Confidence Level for Curves(%) l:l "
Fit corvverged. Chi-Sar tolerance walue 9 . -
of 1E-9 was reached. £ H| £ 5% 99| 4] 4] & ’ OK. ] [ Done ] [ Cancel ] ﬁ

Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

1

= 0

FItCume |

L Fitted curve not through (0.0}

6. Now go to the Parameters tab, check the Fixed checkbox for parameter A and fix the value to 0.

Click the Fit until converged to fit the curve again. Now you can see the curve go through zero.
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B NLFit (Line)*

Dialog Theme -« ﬂ

Settings | Code | Parameters |Bounds|

Auto Parameter [nitislization

Double click cells to change operatar. Right click cellz for more optionz. Drag column header to change column orders.

MO, | Faram | teaning |Fi>:ed| W alue | Errar | Dependency | Lower Conf Limite | Upper Conf Limitz | Significant Digits
1 A Yintercept ! o D0 1] - - System v
1 B glope [] 1.20144 004717 I} - - Szt [+

Eift-lcli::u-r;avirgj:rcléaiﬂfdc-utnlerancevalue ﬁ|E| Elﬁl ﬂlﬂlililil[ ik ][ — ][Eancell ﬂ

Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

1
« 0

. —— FRCawe i

Note: You can also use the Fix Intercept option in the Linear Fit dialog to force the linear
fitted line to go through the origin point.

Use Linear Constraint

This method works when the fitting function is based on a LINEAR model, such as Line, Parabola, or
Cubic, etc.

We will show you how to force the fitted curve to go through a particular point by using linear
constraint:
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Import the data "\Samples\Curve Fitting\Polynomial Fit.dat" into Origin worksheet.

Highlight column B and press Ctrl + Y to bring up the NLFit dialog.
2
Select Parabola (¥ = A+ Brr+Cxx ) from the Polynomial category. From the Fit

Curve tab, we can see the initial value already fits the data very well.

Suppose we want to force the curve through [1[1 1[][];'. Substitute [l[l IDD} to the fitting function
2

=A+ B=xxr+C =17 wethen have 100 = A + 10 % B 4 100 * C'. we can use this

equation as a general linear constraint condition. Select the Constraints page on Code tab.
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Check the Enable Linear Constraints checkbox, and enter the following expression into the edit

box.

A + 10*B + 100*C

100

5. Click the Fit until converged button ﬂ We can see the fitted curve deviates from the data

points, but it goes through the specified point.

M NLFit (Parabola)*

Dialog Theme

Settingsl Code |F'arameters Bounds

Enable Linear Congtraints |

Function

A+ 1078 + 100°C = 100; |

LabT alk Functions Defi
Farameter Init

Script B efore Fitting
Script After Fitting
Derived Parameters

Constants

of 1E-3 was reached,

Fit comwerged. Chi-Sor tolerance value

Fit Curve |F|esidual Formula | Sample Curve | Messages | Function File || Hints

EE Eﬁ ﬂﬂﬂﬂﬂl Ok H DDneHEancel] ﬁ

1

—_—
| Through
this paoint

= B
FitCame 1

Use weighting

If the parameters are some eigenvalues such as upper or lower asymptotes, and your raw data
includes the points you want to fit through, you can fit the curve by assigning larger weights to these
particular points. This is not an analytical solution, but you can assign larger weights to reduce the

error:

1. Prepare data by running the following script:
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newbook;

string fname$ = system.path.program$;

fname$ += "Samples\Curve Fitting\Replicate Response Data.dat";

impasc fname$ options.PartImp.Partial:=1 options.PartImp.LastCol:=2;

wks.addcol () ;

col(a) = log(col(a)) + 5;
col(c)[1l] = 100;
for(int ii = 2; ii < wks.maxrows; ii++)
{
col(c) [1i] = 1;
}
col (c) [wks.maxrows] = 100;

2. First, let's see how the fitted curve looks when there is no weighting. Highlight column B and bring

up NLFit dialog from Analysis: Fitting: Nonlinear Curve Fit. Select the Logistic function from

Growth/Sigmoidal category. Then click the Fit until converged button ﬂ From the Fit Curve

tab, we can see the curve does not go through any points near the top.
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M NLFit (Logistic) X

Dialog Theme ﬂ

Settings | Code | Parameters | Bounds|

Category | Growth/Sigmoidal ' |
ted Cures
Advanced Iteration Algorithm
Output Description Logistic dose response in Pharmacaology/Chemistry

File Mame[.FDF] D:5Program FilessOriginLabhDrigindsfitfunchLogistic. fdf

Fit converged. Chi-Sar tolerance value B B
of 1E-9 was reached, f€ﬂ||n| l==| ﬁ| )] §j|lz| £,
| Fit Curve | Residual | Formula | Sample Curve | Messages | Function File | Hints |

1

= F
32— ——FECame 1

iEN

[ ak ” Done “ Eancel] ﬁ

Mot through
the last point

.................
0BT R4 G B A0 4T 44 4B LES0S2SASESEG06264

3. Note that in the raw data worksheet, we have prepared column C and assigned large values for
the first and last data points. If we use this column as weights, these two points will contribute

more impact on the fitted curve and hence force the curve to go through these two points.

BTuTT]

i22 ReplicateResp - Replicate Response ... |: E'E'
Y

A BOY) %
330103 013136 1000
377815 0.34384 1
407918 06554 1 0
417609 0.73599 1
430103 1.00157 1
469397 1.39062 1
5 170785 1
530103 231437 1
569897 277336 1
B 27932 1000
' Replicate Response Data / |<_ |[>
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Now, activate the Data Selection page on the Settings tab. Expand the Input Data branch as

below to expose the weighting option. Choose the Direct Weighting method and assign column

C as the weighting dataset. Then click the Fit until converged button ﬂ

B NLFit (Logistic) EEX

Dialog Theme ﬂ

Settings |E0de Parameters | Bounds

Fuinction Selection E Range 1 [[FeplicateFiesp] Replicate Fiesponse Data"lj4.B] |ﬂ A
Fittad Curves whorksheet [FeplicateR ezp] R eplicate Rezponze Data
1Y ;
Advanced
output =0 B w
= Weight | Direct Weighting e
Fows Al R

|L|i 3

Eggobr:\;zrﬁeeaclc.htél*fqr toleratice value of EE Eﬁ ﬂﬂﬂﬂﬂ I o H Dore ” Cancel]

|FitCurue |Residual Formula | Sample Curve | Messages | Function File | Hints

1
Through the
last point
-0z +—r—+r—r—r—r—"-"r—r—rr—rr

3032 3435324042 44 t54ESO S2 545662 G062 6.4

A

From the preview result, we can see that the fitted curve goes through the first and last data

points.

42222 Distribution Fit with the Probability Density Function and Cumulative
Distribution Function

Summary

To know the location or scale parameters of a sample distribution, one can perform distribution fit on
the data. However, you can also fit a probability density function or cumulative distribution function on
the binned data to get these values. This tutorial shows you how to estimate these parameters by
curve fitting.

Minimum Origin Version Required: Origin 2016 SR2
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What you will learn

e Generating Normally Distributed Data for Fitting

¢ Fitting with Probability Density Function (PDF)

e Fitting with Cumulative Distribution Function (CDF)
Example and Steps

Generating Normally Distributed Data for Fitting

1. Run the following script to create sample dataset

newbook;

col(2) = normal (1000) * 2 + 5;

2. This script generates 1000 normally distributed points where mean = 5 and o = 2.
3. We can first perform simple descriptive statistics on this column to see the corresponding
Moments output.

Highlight the data column and select Statistics: Descriptive Statistics: Statistics on Column
to open the dialog. Select Quantities tab, then make sure the Mean and Standard Deviation
checkboxes are selected. And the click OK to generate report.

- Descriptive Statistics -|
|_ M total Mean Standard Devation

B 1000 5.03869 2.06311

From the report worksheet, we can see the Mean and Standard Deviation are very close to the

value we just set.

Fitting with Probability Density Function (PDF)

1. Tofit the data with the PDF, we should calculate the binned data with Frequency Counts tool
first. Highlight the source data column and select Statistics: Description Statistics: Frequency
Counts from menu. This dialog will count the number of data points on specified bins.

o Expand the Computation Control branch, and make sure Bin Size radio button is check
in Step by group. And then set the Bin Size to 0.5 .
o Make sure the Bin Center , Count and Cumulative Count check boxes under

Quantities to Compute branch are selected. Then click OK to count the data.
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2. Highlight the Counts column on the Frequency Counts result worksheet, select Plot:
Column/Bar/Pie: Column to create a column graph. Now we got the histogram of the source
data.

3. With the graph active, select menu Analysis: Fitting: Nonlinear Curve menu to open the NLFit
dialog. Then select the Gauss function from the Statistics category. Leave other options as

defaults and click the Fit button directly to output fitting report.

= Parameters |
Value Standard Error t-Value Prob>|t| ' Dependency
0 -068078 157098 -043335 066834 074273
xc 5.03664 0.05018 100.3801 0 5.06394E-5
w 426937 0.13954 30.59591 0 065495
Count A 5108423 205045 2491367 0 082858
sigma  2.13468 0.06977
FWHM 5.0268 0.1643
Helght 9546922 225117

From the fitting report, we can see that the fitted xc and sigma are close to 5 and 2.

Fitting with Cumulative Distribution Function (CDF)

1. Tofit the data with the CDF, we should start from the cumulative binned data. Select the
FreqCounts1 sheet from the previous section. highlight column D, Cumulative Count, this time.
select menu Plot: Symbol: Scatter to plot the CDF points

2.  With the graph active, select menu Analysis: Fitting: Nonlinear Curve menu to open the NLFit
dialog. Then select the NormalCDF function from the Statistics category. Leave other options as

defaults and click the Fit button directly to output fitting report.

= Parameters |
Value Standard Error t-Value Prov>|ll Dependency
y0 -1.03748 121312 -0.85522 0.40024 0.73485
Cumulative Count A 100298626 2.10B45 47569602 0 0.76168
479432 000938 51110057 0 0.50906
w 209438 | 0.01277 | 163.96837 0 0.47041

From the fitting report, we can see that the fitted xc and w are close to 5 and 2.

W After you got binned data from the Frequency Counts tool, you can also fit the
binned data with your user-defined probability density function or cumulative
distribution function. View this page for defining and fitting with a user-defined
function.

4.2.2.23 Fitting Integral Function with a Sharp Peak

Summary
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Data Analysis

In this tutorial, we will show you how to define an integral fitting function with a sharp peak in the
integral function, and perform a fit of the data using this fitting function.

Because the integral function contains a sharp peak, the integral should be performed in three
segments so that the sharp peak can be integrated in a narrow interval.
Minimum Origin Version Required: Origin 9.0 SRO

What you will learn

This tutorial will show you how to:

o Define an integral fitting function.
e Integrate a function with a sharp peak.

o Divide the integral interval into several segments.
Example and Steps

Import Data

Open a new workbook.
Copy data in Sample Data to the workbook.
3. Highlight column B, and select Plot: Symbol: Scatter from Origin menu. The graph should look

like:
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Define Fitting Function
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The fitting integral function is described as follows:

1 ]_ _i.‘—ulg_l_’
y = 1Uz‘-';[/ e T dt)
S

V21h

where a and b are parameters in the fitting function.

Initial parameters are: a=1e-4, b=1e-4. Note that the integral function contains a peak whose center is
about a and width is 2b. And the peak’s width (2e-4) is very narrow compared with the integral

interval [0,1]. To make sure it is integrated correctly at the neighborhood of the peak center, the
integral interval [0,1] is divided into three segments: [0,a-5*b], [a-5*b,a+5*b], [a+5*D,1]. It is integrated
in each segment, and then the three integrals are summed up.

The fitting function can be defined using the Fitting Function Builder tool.

1.
2.
3.

6.
7.

Select Tools: Fitting Function Builder from Origin menu.

In the Fitting Function Builder dialog's Goal page, click Next button.

In the Name and Type page, select User Defined from Select or create a Category drop-down
list, type fintpeak in the Function Name field, and select Expression in Function Type group,
check Include Integration During Fitting check box. And click Next button.

In the Integrand page, type myint in Integrand Name edit box, t in Integration Variable edit

box and a, b, x in Arguments edit box. Type the following script in Integrand Function box.

return 1/ (sqrt(2*pi) *b) *exp (- (t-a) "2/ (2*b"2)-x*t);

5. And click Next button.

In the Variables and Parameters page, type a, b in the Parameters field. Click Next button.

In the Expression Function page, click Parameters tab, and set Initial Value for parameters a
and b to 1e-4, click Integrand tab, and set Value for Lower Limit and Upper Limit to 0 and 1,
Value for a, b, x to a, b, x respectively.

In the Expression Function page, click Insert button. In the Quick Check group, type 0 in x=
edit box, click Evaluate button, and it shows y=9.3e-21. This implies that the peak is not
integrated correctly because y should approach 1 for x=0. Divide the integral into three segments,

and type following script in Function Body box.

integral (myint, 0, a-5*b, a ,b ,x)+integral (myint, a-5*b, at5*b, a ,b ,x)+

integral (myint, a+5*b, 1, a ,b ,x)

9. Click Evaluate button again, and it shows y=0.84, hence it is clear that the peak is integrated

correctly this time.

10. In the Expression Function page, update the script in Function Body box as follows.
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log(integral (myint, O,

7 X)

+integral (myint, a+5*b, 1,

a-5*b, a ,b ,x)+integral (myint,

a ,b ,x))

a-5*b, a+5*b, a ,b

11. Click Finish button.

Fit the Curve

1. Select Analysis: Fitting: Nonlinear Curve Fit from Origin menu. In the NLFit dialog, select

Settings: Function Selection, in the page select User Defined from the Category drop-down

list and fintpeak function from the Function drop-down list. Note that initial parameters have

been set during defining the fitting function.

2. Click Fit button to fit the curve.

Fitting Results

The fitted curve should look like:

= B
fintpeak (User) Fit of Sheet1 B
0.0 Model fintpeak (Usery
logiintegral{myint, 0, a-5*b, a ,by
X wintegral(myint, a-5*b, a+5*
E 1 b, a b x)
0.5 4 quatien +integralimyint, a+5*b, 1,a b,
=)
Plot B
a 4 933E-4 = 1.11375E-5
m -1.0 4 b 1.84273E4 = B5070%E-5
Reduced Chi-Sgr 0.0
R-Square(COD} 0.59792
-1.5 4 Adj. R-3guare 0959777
_2|:| .
T T T T T
0 5000 10000 15000 20000
i
Fitted Parameters are shown as follows:
Parameter Value Standard Error
a 4.98302E-4 1.07593E-5
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1.94275E-4

8.21815E-6

The Adj. R-Square is 0.99799. Thus the fitting result is very good.

Sample Data
y

0 -0.00267
60 -0.01561
240 -0.05268
500 -0.10462
1000 -0.22092
1500 -0.31004
2000 -0.40695
3000 -0.61328
4000 -0.75884
5000 -0.9127

6000 -0.98605
7000 -1.18957
9000 -1.43831
10000 -1.41393
12000 -1.61458
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15000 -1.88098
20000 -2.07792
4.2.2.24 Fitting with a Piecewise Linear Function

Summary

In this tutorial we will show you how to define a piecewise fitting function consisting of two linear
segments, perform a fit of the data using this fitting function, and calculate the intersection location for
two linear segments from the fitting result.

Minimum Origin Version Required: Origin 8.6 SRO

What you will learn
This tutorial will show you how to:

o Define a piecewise (conditional) fitting function.
¢ Auto initialize parameters.

e Calculate the intersection location of the piecewise fit lines.

Example and Steps
Import Data

1. Open a new workbook.

1l
2. Click the Import Single ASCII button = o bring up the Open dialog. Browse to

\Samples\Curve Fitting folder and select the file Step01.dat.
3. Right click on the Sensor E x column (column J), and select Set As: X from the context menu.
Highlight Sensor E y column, and select Plot: Symbol: Scatter from Origin menu. The graph

should look like:
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= Graphi
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Define Fitting Function

From the above graph, the curve consists of two segments of lines. It can be fitted with a piecewise
linear function. The function can be expressed as:

.Ul[-*':s - -*'J' + .U:s[-*' - -*'1}

. ifax < ag
_ Ty — I

4 yalrz — -r'j + yzlx — a3)
Ty — g

. it

[/

i ]

where x1 and x2 are x values of the curve's endpoints and they are fixed during fitting, x3 is the x

value at the intersection of two segments, and y1, y2, y3 are y values at -¥i: * = 1.2,
respectively.

The fitting function can be defined using the Fitting Function Builder tool.

1. Select Tools: Fitting Function Builder from Origin menu.

2. Inthe Fitting Function Builder dialog's Goal page, click Next button.
In the Name and Type page, select User Defined from Select or create a Category drop-down
list, type pwl2s in the Function Name field, and select Origin C in Function Type group. And
click Next button.

4. Inthe Variables and Parameters page, type x1,y1,x2,y2,x3,y3 in the Parameters field. Click
Next button.

A
5. Inthe Origin C Fitting Function page, click the Ebutton on the right of the Function Body edit
box and define the fitting function in Code Builder as follows.
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1f( x < x3 )

y = (yl* (x3-x)+y3* (x-x1))/(x3-x1);

else

y = (y3*(x2-x)+y2* (x-x3) )/ (x2-x3) ;

6. Click Compile button to compile the function body. Then click Return to Dialog button. Click
Next button.

A
7. Inthe Parameter Initialization Code page, click the Ebutton on the right of the Initialization

Code edit box and initialize the fitting parameters in Code Builder as follows.

int nl, n2, n3;

x data.GetMinMax( x1, x2, &nl, &n2 );

x3 = x1 + (x2 - x1)/2;

yl = y data[nl];

y2 = y data[n2];

vector vd;

vd = abs( x data - x3 );

double xta, xtb;

vd.GetMinMax ( xta, xtb, &n3 );

y3 = y data[n3];

8. Click Compile button to compile it. Then click Return to Dialog button. Click Finish button.
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Define Derived Parameters for Slopes and Intercepts

During function defined process, you can also define some additional derived Parameters such as
slopes and intercepts , which are computed from the function parameter values after the fitting
process ends.

1. Click <<Back button twice to go back to Variables and Parameters page, type al,b1,a2,b2 in
the Derived Parameters field.

2. Click Next button four times to go to Derived Parameters page, fill in the Meaning column and
type the equations in the Derived Parameters Equations area as follows, then click Finish
button.
al=(y1*x3-y3*x1)/(x3-x1);
b1=(-y1+y3)/(x3-x1);
a2=(y3*x2-y2*x3)/(x2-x3);
b2=(-y3+y2)/(x2-x3);

Derived Parameters

Hame |Mea.ning Init
al interceptl

bl slapel

32 intercapt?

o Lope?

Derived Parameters Equations

al=[p15 331 1A 3-61] &
bl =[-1 +p 33411
a2=[pF w2 3] m2-w3]
bi2=(-y3+p2) =243

|<<Back| [Mewt>>| | Finish |

Fit the Curve

1. Select Analysis: Fitting: Nonlinear Curve Fit from Origin menu. In the NLFit dialog, select
Settings: Function Selection, in the page select User Defined from the Category drop-down
list and pwl2s function from the Function drop-down list.
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2. Inthe NLFit dialog, select Parameters tab, and fix parameters x1, x2 as shown in the dialog.

Seftings | Code | Parameters | Bounds

Auta Parameter |nitialization

Double click cells to change operatar. Right click cellz far more options. Drag col.

MO, | Param | Meaning Fixed|  Yalue Etrar | Dependency
1 x1 ? 0.8 - -
1 vl ? . 0 - -
1 %2 ? 60 - -
1 Y2 ? [l ooossz - -
1 %3 ? ] 3204 - -
1 y3 ? [l o73w08 - -

3. Click Fit button to fit the curve.

Fitting Results

The fitted curve should look like:

104 ™ SensorEvy
—— pwl2s (User) Fit of Step01 K"Sensor E y"
_ |
[ |
0.8
—
L)
(o]
g pwi2s (User)
iflx=xd)
8 DE 7] y = (13- +y 30T ) W 321,
e kE
= Equaticn ¥ = [}'3"[}:.'3_-}::-;'E'I'E[x-xE.:-:u'[x.'é-xB:-;
L
| . ]
3 0.4 Plat SensorE y
c x1 08+0
L ¥ -0.0271 £0.01082
m D 2 _ o 800
. vz 0.95565 + 0.0082
*3 22 26316 + 0 58445
va 0.86106 £0.01187
0.0 Reduced Chi-Sar 4 38246E-4
= R-Sgquars(COD) 0.89511
Ad]. R-Square 0.92468
| T | T | T | T | T | T | 1
0 10 20 30 40 50 60
Sensor E x (conc05)
Fitted Parameters are shown as follows.
Parameter Value Standard Error
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x1 0.8 0

yl -0.0271 0.01063

X2 60 0

y2 0.95585 0.0083

x3 22.26316 0.58445

y3 0.66106 0.01197

al -0.05275 0.01123

bl 0.03206 8.7153E-4
a2 0.48715 0.01664
b2 0.00781 3.86455E-4

Thus the intersection point for the two segments is (22.26316, 0.66106).

Note that fitting with a piecewise linear function for more than two segments can be done in a similar
way.

4.2.2.25 Fitting with an Ordinary Differential Equation

Summary
In this tutorial we will show you how to define an ordinary differential equation (ODE) in the Fitting
function Builder dialog and perform a fit of the data using this fitting function.
Minimum Origin Version Required: Origin 9.1 SRO

What you will learn

This tutorial will show you how to:

o Define an ODE fitting function.
e Call NAG functions using Origin C code.
e Recalculate the ODE result only when parameters are updated.

¢ Interpolate on the ODE result.
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Example and Steps

In this tutorial, we will use a first order ordinary differential equation as an example:

dy
— = il
dr Y

.U|.|'=.|'[] == U[}

where a is a parameter in the ordinary differential equation and yO0 is the initial value for the ODE.
NAG functions d02pvc and d02pcc are called using the Runge—Kutta method to solve the ODE
problem.

Import Data

1. Open a new workbook.

1l
2. Click the Import Single ASCII button = (o bring up the Open dialog. Browse to the

\Samples\Curve Fitting folder and select the file Exponential Growth.dat.

3. Highlight B column, and select Plot: Symbol: Scatter from Origin menu. The graph should look

like:
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Define Fitting Function
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The fitting function can be defined using the Fitting Function Builder tool.

Select Tools: Fitting Function Builder from Origin menu.

2. Onthe Fitting Function Builder dialog's Goal page, ensure the Create New Function radio
button is selected. Click the Next button.

3. Onthe Name and Type page, From the Select or create a Category drop-down list select User
Defined. For Function Name type FitODE. In the Function Type section select the Origin C
radio button. Click Next.

4. Onthe Variables and Parameters page, in the Parameters field type a, y0. Click Next.

A
5. Onthe Origin C Fitting Function page, click the ﬁbutton on the right of the Function Body
edit box and define the function in Code Builder as follows. Include header files for NAG and

fitting:

#include <oc nag.h>

#include <ONLSF.H>

6. Define a static function to solve ODE by calling NAG functions. Call NAG function d02pvc to
establish ODE model and d02pcc to solve the model:

struct user // parameter in the ODE

double a;

//Define the differentiate equation: y'=a*y

static void NAG CALL f (Integer neqg, double t, double y[], double ypl[],

Nag User *comm)

neq; //Number of ordinary differential equations
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t; //Independent variable

y; //Dependent variables

yp; //First derivative

struct user *sp = (struct user *) (comm->p);

double a;

a = sp->a;

yp[0] = a*y[0];

//Use Runge-Kutta ODE23 to solve ODE

static bool nag ode fit( const double a, const double y0, const double

tstart,

const double tend, const int nout, vector &vP )

//nout: Number of points to output

if( nout < 2 )

return false;
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vP.SetSize ( nout );

vP[0] = yO;

int neq = 1; //Number of ordinary differential equations

Nag RK method method;

double hstart, tgot, tinc;

double tol, twant;

int i, Jj;

vector thres(neq), ygot(neq), ymax(neq), ypgot(neq), ystart(neq);

Nag ErrorAssess errass;

Nag_ODE_RK opt;

Nag User comm;

struct user s;

comm.p = (Pointer)&s;
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ystart[0]

for (i=0;

thres[i

errass =

= yO;

i<neq; i++)

] = 1.0e-8;

Nag ErrorAssess off;

hstart = 0;
method = Nag RK 2 3;
tinc = (tend-tstart)/ (nout-1);

tol = 1.0e-3;

NagError nagErrl;

//Setup ODE

d02pvc (neq, tstart, ystart, tend, tol, thres, method,
Nag RK range, errass, hstart,

&opt, &nagErrl);

if ( nagErrl.code != NE NOERROR )
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return false;

for (j=1; j<nout; j++)

twant = tstart + j*tinc;

NagError nagErr2;

//Solve ODE

d02pcc (neq, £, twant, &tgot, ygot, ypgot, ymax,

&nagErr2) ;

if ( nagErr2.code != NE NOERROR )

return false;

vP[j] = ygotl[O0];

//Free functions for Runge-Kutta suite

d02ppc (&opt) ;

return true;

&opt,

&comm,




7. Define the fitting function body _nIsfFitODE:

Data Analysis

if ( pCtxt )

static vector vX, vY;

static int nSize;

BOOL bIsNewParamValues

bIsNewParamValues

if |

int nout = 100;

tinc =

vX.Data( tstart,

if( !'nmag ode fit( a,

return;

double tstart = 0.02,

nSize = vX.GetSize();

)

y0, tstart,

tend = 2,

NLFitContext *pCtxt = Project.GetNLFitContext () ;

pCtxt->IsNewParamValues () ;

// If parameters were updated, we will recalculate the ODE result.

//Initial and final values of the independent variable

tinc;

//Number of points

(tend-tstart) / (nout-1) ;

tend, tinc );

tend, nout, vY) )
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//Interpolate y from fitting data's x on the ODE result.

ocmath interpolate( &x, &y, 1, vX, vY, nSize );

}

8. Click the Compile button to compile the function body. To return, click Return to Dialog
button. The Evaluate button on the dialog has a black figure of a running person. Clicking on
it will show y=2.6627270424371. This implies that the function works. Click Next.

9. Inthe Parameter Initialization Code page, type the code in the Initialization Code box:

//Set the start y value in fitting data as the initial value of yO0

y0 = y datal[0];

a=1;

10. and click Finish.

Note: In order to monitor the the fitted parameters, NLFitContext class was introduced in defining
fitting function to achieve some key information within the fitter

Fit the Curve

1. Highlight B column, then select Analysis: Fitting: Nonlinear Curve Fit from Origin menu. In the
NLFit dialog, select Settings: Function Selection, in the page select User Defined from the
Category drop-down list and FitODE function from the Function drop-down list.

2. Select Parameters tab, and fix y0 as shown in the dialog.

HO. Param | Meaning Fixed Value Error | Dependency | Lower Cor
1 a ?

0 1
1 ¥0 ? 0.77038 - - -

3. Click Fit button to fit the curve.

Fitting Results
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The fitted curve should resemble the following image:
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Fitted Parameters will be shown as in the following table:
Parameter Value Standard Error
a 1.30272 0.00858
y0 0.77038 0

Note: Fitting with more complex ODE fitting functions can also be done in a similar way.

4.2.2.26

Fitting with Convolution of Two Functions

Summary

In this tutorial, we will show you how to define a convolution of two functions, and perform a fit of the
data with non-evenly spaced X using this fitting function.

v

Minimum Origin Version Required: Origin 9.0 SRO

If your data is a convolution of Gauss and Exponential functions, you can simply
use built-in fitting function GaussMod in Peak Functions category to directly fit
your data.
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What you will learn

This tutorial will show you how to:

Sample a function.

Calculate a convolution of two functions.

Define constants in the fitting function.

Pad zeroes before the convolution.

Interpolate the convolution result for non-evenly spaced X.
Use a parameter to balance the speed and the precision.

Use Y Error Bar as weight.

Example and Steps

Import Data
1. Open a new workbook.
1l
2. Click the Import Single ASCII button = (o bring up the Open dialog. Browse to
\Samples\Curve Fitting folder and select the file ConvData.dat. Note that column A is not
evenly spaced. We can use LabTalk diff function to verify it.
3. Right click on column C, and select Set As: Y Error from the short-cut menu. Highlight column B
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Define Fitting Function

The fitting function is a convolution of two functions. It can be described as follows:

o 5
H{rx—x al=

I!I'i'ﬁ-"'lﬁ — e
Yy =uyn+ hr+ ——¢ i 4 f % gllx
y = yo + by ) ( g)(x)
fla) = 2. s (ry — o)
Wherel m [.I' — Iy I}TL[[J' — Iy 1}2 — *2 }2 + [[f — I 1}2 — f[];'z,
1 2

glr) = ——
) wiy/ w2

And o, L, TL, s, Yo, b1 and b2 are fitting parameters. ', -Fe1, Wa L2 and Ay are constants in the
fitting function.

The fitting function can be defined using the Fitting Function Builder tool.

Select Tools: Fitting Function Builder from Origin menu.
In the Fitting Function Builder dialog's Goal page, click Next.

3. Inthe Name and Type page, select User Defined from Select or create a Category drop-down
list, type convfunc in the Function Name field, and select Origin C in Function Type group.
And click Next.

4. Inthe Variables and Parameters page, type x0,xL,tL,s,y0,b1,b2 in the Parameters field,
wlxclw2,xc2,A2 in the Constants field. Click Next.

5. Inthe Origin C Fitting Function page, set initial parameters as follows:

x0 = 3.1
xL = 6.3
tL = 0.4
s = 0.14

y0 = 1.95e-3

bl = 2.28e-5

b2 = 0.2

6. Click Constants tab, set constants as follows:
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wl = 1.98005

xcl = -0.30372

w2 = 5.76967

xc2 = 3.57111

A2 = 9.47765e-2

Iy

7. Click the Edbutton on the right of the Function Body edit box and define the fitting function

in Code Builder as follows:

8. Include header files,

#include <ONLSF.H>

#include <fft utils.h>

9. Define the function body

NLFitContext *pCtxt = Project.GetNLFitContext () ;

if ( pCtxt )

// Vector for the output in each iteration.

static vector vX, vY;

static int nSize;

BOOL bIsNewParamValues = pCtxt->IsNewParamValues() ;

// 1If parameters were updated, we will recalculate the convolution
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result.

if (

bIsNewParamValues )

//Sampling Interval

double dx = 0.05;

vX.Data(-16.0, 16.0, dx);

nSize = vX.GetSize();

vector vF, vG, vTerml, vTerm2, vDenominator, vBase, vAddBase;
double Numerator = tL * x072 * (xL"2 - x0"2);

vTerml = ( (vX - xcl) * tL * ( (vX - xcl)”"2 - xL"2 ) )"2;
vTerm2 = ( (vX - xcl)”2 - x0"2 )"2;

vDenominator = vTerml + vTerm?2;

//Function £ (x)

vF = (s/pi) * Numerator / vDenominator;

//Function g (x)

vG = 1/ (wl*sqrt(pi/2))*exp (-2*vX"2/wl"2);
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//Pad zeroes at the end of f and g before convolution

vector vA(2*nSize-1), vB(2*nSize-1);

vA.SetSubVector ( vF );

vB.SetSubVector ( vG );

//Perform circular convolution

int iRet = fft fft convolution(2*nSize-1, vA, vB);

//Truncate the beginning and the end

vY.SetSize (nSize);

vA.GetSubVector ( vY, floor(nSize/2), nSize + floor (nSize/2)-1 );

//Baseline

vBase = (bl*vX + y0);

vAddBase = b2 * A2/ (w2*sqrt(pi/2))*exp( =2* (vX-xc2)"2/w2"2 );
//Fitted Y

vY = dx*vY + vBase + vAddBase;

//Interpolate y from x for the fitting data on the convolution result.
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ocmath interpolate( &x, &y, 1, vX, vY, nSize );

}

10. Click Compile button to compile the function body. And click the Return to Dialog button.

11. Click Evaluate button, and it shows y=0.02165 at x =1. And this indicates the defined fitting
function is correct. Click Next.

12. Click Next. In the Bounds and General Linear Constraints page, set the following bounds:

0 < x0 < 7

0 < xL < 10

0 <tL <1

0 < b2 <= 3

13. Click Finish.

Note: In order to monitor the the fitted parameters, NLFitContext class was introduced in defining

fitting function to achieve some key information within the fitter

Fit the Curve

1. Select Analysis: Fitting: Nonlinear Curve Fit from the Origin menu. In the NLFit dialog, select
Settings: Function Selection, in the page select User Defined from the Category drop-down
list and convfunc function from the Function drop-down list. Note that Y Error Bar is shown in
the active graph, so column C is used as Y weight, and Instrumental weighting method is
chosen by default.

2. Click the Fit button to fit the curve.

Fitting Results

The fitted curve should look like:
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Y
convfunc (User) Fit of CorwData B™™
c il comviunG :...EE[:
0.035 St L FRContext “pCid = Proj
= h
0.030 x0 31424 2007318
il 61297201193
c L 0427952002972
0.025 H = 0147962000423
v 000216 21 7614584
0.020 91 L0FEE-S 21 611EES
- 007913 20 02855
- 0.015 4 Feduced Ch-Sgr 117455
’ R-Squane(CO0) 138506
Ad) R-Souane EEER
0.010
0.005
0.000
0.005 T T T T T T 1
-15 -10 -5 0 5 10 15
X
Fitted Parameters are shown as follows:
Parameter Value Standard Error
x0 3.1424 0.07318
xL 6.1297 0.1193
tL 0.42795 0.02972
S 0.14796 0.00423
y0 0.00216 1.76145E-4
bl 4.90363E-5 1.61195E-5
b2 0.07913 0.02855

Note that you can set a smaller value for dx in the fitting function body, the result may be more
accurate, but at the same time it may take a longer time for fitting.

4.2.2.27

Parameter Initialization for Rational Functions

Summary
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In this tutorial, we will show you how to calculate initial parameters for rational fitting functions using
the multiple linear regression method, and perform a fit of the data using calculated initial parameters.

Minimum Origin Version Required: Origin 9.0 SRO

What you will learn
This tutorial will show you how to:

e Calculate initial parameters for rational fitting functions.

o Perform multiple linear regression using Origin C code.

Example and Steps
Algorithm

In this tutorial, we will use the following rational function as an example:
a+ br + ex?

v= 1+ dr + ex?

where x is the independent variable, y is the dependent variable, and a, b, c, d, e are fitting
parameters.
Multiplying both sides by the denominator on the right side yields:

y+dry +er’y = a+ br + cx’

and the equation can be expressed as:
y = a+ br+exr? —dry — ex’y

Substituting fitting data (i y) i=1...N into the equation gives:
a+ bry + f:.r'f — dryy — t’:.l"%y]_ =1
a+ brg + m% — drgls — t’:.l"g Yo = o

it + by + f:.l"i. —dryyy — f:.l"i,yh- =Y

Hence estimating initial parameters for a rational polynomial fitting function becomes a multiple linear
regression problem with linear coefficients a, b, c, d, e.

9 2 [
"1 ry ry —In —rii t "m-‘
3 3
1 @y x5  —rayx —I3Ye b Y2
i e
d
i 2 . 2 )
1 wy xy —xyyn  —anun] |e YN

Origin provides a function ocmath multiple linear regression in Origin C for multiple linear
regression, which can be called in initialization code.
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Import Data

1.
2.

Open a new workbook.

Copy data in Sample Data to the workbook.

Highlight column B, and select Plot: Symbol: Scatter from Origin menu. The graph should look
like:

= Graph1

Define Fitting Function and Initialize Parameters

The fitting function can be defined using the Fitting Function Builder tool.

1.
2.
3.
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Select Tools: Fitting Function Builder from Origin menu.

In the Fitting Function Builder dialog's Goal page, click the Next button.

In the Name and Type page, select User Defined from the Select or create a Category drop-
down list, type rationalfunc in the Function Name field, and select Expression in the Function
Type group. Click the Next button.

In the Variables and Parameters page, type a, b, c, d, e in the Parameters field. Click the Next
button.

In the Expression Function page, type the following script in the Function Body box.

(a+tb*x+c*x"2) / (1+d*x+e*x"2)
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6. Click the Evaluate button, and it shows y=1 at x=1, hence this implies the expression is

correct. Click the Next button.

iy

7. Inthe Parameter Initialization Code page, click the Open Code Builder button =Tto the right of

the Initialization Code box, and initialize fitting parameters as follows, in terms of the algorithm.

UINT nOSizeN = x data.GetSize(); //Number of points

UINT nVSizeM = 5; //Number of parameters

matrix mX (nOSizeN, 5);

//Construct matrix for data points of independent variables

vector vCa (nOSizeN), vCb, vCc, vCd, vCe;

vCa = 1;

mX.SetColumn( vCa, 0 );

vCb = x data;

mX.SetColumn( vCb, 1 );

vCc = x _data”2;

mX.SetColumn ( vCc, 2 );

vCd = -x data*y data;

mX.SetColumn ( vCd, 3 );

vCe = -x data”2*y data;

mX.SetColumn ( vCe, 4 );
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//Options for multiple linear regression

LROptions stLROptions;

stLROptions.UseReducedChiSqg = 1;

stLROptions.FixIntercept = 1; //Fix the intercept at 0.

FitParameter stFitParameters[ 6 ]; // should be nVSizeM+1

UINT nFitSize = nVSizeM + 1;

int nRet = ocmath multiple linear regression (mX, nOSizeN, nVSizeM,

y data,

NULL, 0, &stLROptions, stFitParameters, nFitSize );

if ( nRet == STATS NO_ERROR )

a = stFitParameters[1l].Value;

b = stFitParameters([2].Value;

c = stFitParameters[3].Value;

d = stFitParameters[4].Value;

e = stFitParameters[5].Value;

8. Click the Compile button to compile the code. And click the Return to Dialog button. Click
Finish to close the Fitting Function Builder dialog.
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Fit the Curve

1. Select Analysis: Fitting: Nonlinear Curve Fit from Origin menu. In the NLFit dialog, select
Settings: Function Selection, in the page select User Defined from the Category drop-down
list and rationalfunc function from the Function drop-down list.

2. Click the Parameters tab. Initial parameters calculated from initialization code are listed in the

dialog, and the fitting function curve for initial parameters is shown as follows. It seems that initial

parameters from initialization code are very good.

= Graph1 |Z| |E| fgl

-y
Fit Curve 1

3. Click the Fit button to fit the curve.

Fitting Results

The fitted curve should look like:
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- ] B
12 4 [—— rationalfunc (User) Fit of Sheet! B
™ Mode] rationalfunc (Us er)
Equaticn {atb®croe2 ) 1+d et
10 4 Flat B
5 317138+ 0.20284
b -1.85802 + 1.76748
B - - D.28407 £ 181764
d 3.6884 + 0.26282
o 6 e £ 31812+ 0.55285
| Reduced Chi- 0.41073
R-Square{CO 0.86797
4 Adj. R-Square 0.95243
7 |
[ ]
[ ]
04
T T T T T T
15 -1.0 05 0.0 0.5
A
Fitted Parameters are shown as follows:
Parameter Value Standard Error
a 3.17139 0.30284
b -1.65602 1.76748
c 0.26407 1.81764
d 3.6884 0.26362
e 5.31812 0.55265
Sample Data
y
-1.5 1.13173
-1.39474 0.8262
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-1.28947 1.06999
-1.18421 1.37155
-1.07895 0.79569
-0.97368 2.11346
-0.86842 2.32006
-0.76316 3.9205
-0.65789 5.81904
-0.55263 7.38037
-0.44737 8.31272
-0.34211 11.39718
-0.23684 8.39808
-0.13158 4.7305
-0.02632 4.11105
0.07895 2.39105
0.18421 1.65394
0.28947 0.42953
0.39474 0.83337
0.5 1.18758
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Note: You can also use this method to initialize parameters for other rational polynomial fitting
functions.

4.2.2.28 Surface Fitting with Multiple Peaks

Origin provides several built-in surface fitting functions which can be used to perform fitting on 3D
data. The surface fitting function is similar to the nonlinear fitting function.

Surface Fitting is only available in OriginPro.
Minimum Origin Version Required: OriginPro 9.0 SRO

What you will learn

e How to do surface fitting on matrix data.

¢ How to fit the surface with multiple peaks.

Steps

This tutorial is associated with the Surface Fitting (Pro Only) folder in the Tutorial Data.opj (<Origin
EXE Folder>\Samples\Tutorial Data.opj).

1. With the matrix sheet active, click Analysis on the main menu, and then click Nonlinear Matrix
Fit... to open the NLFit dialog. (Alternatively, you can plot the matrix as a 3D surface or contour,
and then select Nonlinear Surface Fit... to open the same dialog.)

2. Click Function Selection, select Gauss2D from the Function dropdown menu.

M NLFit (Gauss2D) FEX

Dialog Theme ﬂ

Settings | Code | Parameters | Bounds|

|§: (moulg] 2
Data Selection Category [ |

Fitted Curves [Functinn Gauzz2D w J
Find Z

Advanced Iteration Algorithm
Output

Description The gaussian surface

File Mame[.FDF] D:5Program FilessOriginLabhDrigindsfitfunchG auzs 20 df

@E Eﬁ ﬂﬂﬂﬂﬂ [ Fit ” Dare ” Cancel] %

3. Click Advanced, set Number of Replicas to 3, and set Peak Direction as Positive.

308



Data Analysis

Seftings | Code || Parameters | Bounds

Function Selection

[ ata Selection Recalculate Auyko
Fitted Curves

Firnd = =l Replica
Humber of Replicas
Fitting 4 Peaks
H Peak Finding Settings

Peak. Finding Method | Local M asimum

Peak Direction Positive L

Peak Min Height(y scale] |3 |

4. Click Fit to perform a multiple peak fit and generate a report worksheet with fitting results.

4.2.2.29 Nonlinear Multiple Variables Fitting

Summary

Origin supports fitting functions with multiple dependent or independent variables. With the nonlinear
fitting function, you can define multiple variables and separate them with semicolons. Since global
fitting allows you to fit only one function at a time, this is a good way to defeat that limitation.

Origin ships with three built-in functions with multiple dependent and independent variables. These
functions, available in the Multiple Variables category, are actually composites consisting of two

ordinary functions. The GaussianLorentz function, for example, is a combination of the Gaussian and
Lorentz functions, sharing y0 and xc:

1 = Yo+ Al r'_zi::':r..lz
H1 — 5o - —=F
un /)2
21‘12 (a5
Y2 = Yo+
T 4(r— :L'::;'Z +wl

This tutorial will demonstrate how to fit such multi-variable functions.

What you will learn

e Use Nonlinear Multiple Variables Fitting to fit a curve with two different functions.
e Assign data to fitting variables.

Steps

1. Start with a new project or create a new workbook and import the data file \samples\curve
fitting\Gaussian.dat.
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2.
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BT

#2f Gaussian - Gaussian. dat

ACD BiY) C%)
Long Mame| Channel | Amplitude Errar
Units 1
Comments

Sparklines

\
>
;

1.732
2646
2256
1.732
1.414
2.449
3162
2646
2.449

1732 =
| E— |

—
LR Ry RS R w7 ) SRR PR S RN R R

[=m B Cw B w e B 7 B R SRR R R R

Highlight Column(A) and Column(B). In the main menu, click Analysis, then point to Fitting, and
then click Nonlinear Curve Fit.

In the NLFit dialog’s left panel, select Function Selection. In the right panel, select Multiple
Variables in the Category dropdown menu. In the Function dropdown menu, select
GaussianLorentz.

B NLFit (GaussianLorentz) |Z”:| El

Dialog Theme ﬂ

Settings |Eode Parameters | Bounds

glsiiin]g]

Data Selection ﬂategul}l |Multiple Wariables V| \\
Fitted Curves |
FreaCs \ Funcson )
Advanced Iteration Algorithm
Dutput L ) .
Description Ore independent and two dependent vaniables, shared parameters

File Mame[.FDF] C:AProgram Files\OriginLabhOriginfittunchG aussianLorentz. fdf

|Data for fitting not specified. Please update the Input Data in the Data Selection step on Settings tab.

& B = 2| & o 0] £ 4] 5

|
: =
Fit Daone ﬂ

As you can see on the Sample Curve tab, the equations in this fitting function share the same
parameters, yO and xc.
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Fit Euwe] Hesidual] Formula  Sample Curve l Mezsages | Function File] Hintz ]

Zauzszian Peak
Lorentz Peak

4. Inthe NLFit dialog’s left panel, select Data Selection. In the right panel, expand the Range node

and assign data to the fitting variables. In this example, we have assigned column B to both y1
and y2, which means that both expressions will fit the same dataset.
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B NLFit (GaussianLorentz)

Dialag Theme |

Seftings lEu:u:Ie ] Parameters] Eu:uunu:ls]

Function Selection

MultiData Fit Mode |
Fitted Curves

Find ¥/ Weights

|L|se Each Range's Setting j

Advanced
outpLt

El Input D ata

|[G augzian]G@auszian[& ' Channel, B amplitude"

\ w2 B : Amplitude -
\Z | JJ /

F o Al -

=IEE 5|Eﬁ|f|ﬁpﬂ?: Fit

| B

B Range 1 |[Gaussian]Gaussian![.-‘l'-."Ehannel",E".-'f-.mplituu:le" Izl
Worksheet  [Gauszsian]@auszian
/— ] |.-i‘-.: Chanrel j \\
[ |B : drnplitude j

Eb =

Done | Ear‘u:el|

e

Fit Curve l Hesidual] Fn:nrrnula] 5 ample Eurve] Messages] Function File] Hirts ]

0 - = Amp ke
=4 B
E

Ampltn e
i
;

.I,;" O % B 15 20 25 T 35 40| w ',a,r;-.plltme
=] I 1 c
23 ca R

am plt e
i
;
[ |

h
o
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h
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T
z Iﬂ:
i
&
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5. Click Fit until converged to fit, then OK. In the results sheet, compare parameters A and w, with
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BT

#2f Gaussian - Gaussian. dat

&, 1 = Noniinear Curive Fif (Gaussianlorentz) (8/22/2071 08:39:08)
+ Notes =]
* Inout Data =l [%
- Parameters x| -
Walue Standard Error
yil 2.09209 0.7EA26
F {8 2492185 0.095745
. ) Al 107586988 32.489458
Amplitude Amplitude A2 1401.57586 5293044
] Wil 10.79511 031418
w2 10. 41147 0.45473
Reduced Chi-sqr = 19 BR26228133
CODMR") = 0973424242 16416
tterations Performed = 7
Total erations in Session = 7
Fit conwerged. Chi-=gr tolerance value of 1E-9 was reached.
[ [\ Gaussian \FtNL1 £{FiNLCurvel 7 Ik LH

4.2.2.30 Modifying Derived Parameters in Build-in Functions

Summary

Derived parameters are additional parameters computed using the fitted parameter values. You can
define your own derived parameters for any built-in or user-defined fitting functions.
They are not involved in the fitting process and are computed only at the end of the fitting session.

What you will learn

e How to add derived parameters in a built-in fitting function by Fitting Function Organizer.

¢ How to remove derived parameters in a built-in fitting function by Fitting Function Organizer.

Adding Derived Parameters

The built-in Gauss function fits the peak area with the following equation:

_.4 2 {r—x.)2
_plfr— Tl
Y=yt ——==¢ e
w2
Suppose that you also want to know the peak height, which can be computated as follows:
A
h= ———
fm /2

E['1,~_.
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Select Tool: Fitting Function Organizer in the menu. In the left panel of the dialog, select

Origin Basic Funcions: Gauss.

Go to Derived Parameters section and input the h=A/(w*sqrt(P1/2))

i

. Fitting Function Organizer

Ty g T O s T AT Nt T

Allometnc
Beta
Buoltzmann
dHuperbl
Expdzson
ExpDecl
EwpDec?
ExpDec3
ExpGrowl
ExpGrows

1aLIEs

[

Logistic
agtarmal
Larentz

I P P P P P
—

[+ [ Implicit
[# [ Convalution
[# [ Exponential

E quation | S ample Curve | Hirts |

m

Script After Fitting

Constants

Enable Constraints

[l

Constraints

Derived Parameters

zigma=i 2

PusHM=gqrt[25n[2]] * v
H eight=2 /w2 art{F1./2]]
b=/ zgrt[F1A2]) ]

Derived Parameter Settings

4

I

o] = ]
> Save

I e Cateqary

Mew Funchion

Builder...

Duplicate
Add
Remove

Canicel

Sirnulate
Reset

= Search

o
-

>

Note:

o Each derived parameter should be specified in a separate row.

o Derived parameters cannot be computed from other derived parameters.
Click on Save and the OK button.

Create a new workbook and import the data file \samples\curve fitting\Gaussian.dat, using

File: Import: Single ASCII.
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5. Highlight column A and B, then select Analysis: Fitting: Nonlinear Curve Fit to open the

Nonlinear Curve Fitting dialog, and select Gauss from the Function drop-down list.

% Gaussian - Gaussian.dat

| MLFit (Gauss)

Dialog Theme | =

|4 [» [\ Gaussian

Settings

Code I Parametersl Boundsl

Drata Selection
Fitted Curves
Find »=./
Advanced
QOutput

Category [Drigin B azic: Functions v]

Function Gauss -

Iteration Algorithm [Levenberg td arquardt

Description Area verzion of Gauzsian Function

File Mame[.FDF) C:AProgram Filest OriginLab\Origin201 54fitfunct G auss. fdf

&l @B L o] p|o|s]s] s

6. Go to Code tab and click Derived parameters on the left panel. You can see the Derived

Parameters listed on the right panel.

7 | NLFit (Gauss)
Dialog Theme | =

| Settings| Code | P arameters | Bounds|

Derived Parameters Formula

Function

Isig'ma=w/2

LabT alk Functions Definition and [nitializ
Parameter Init

Constraints
Script Before Fiting
Script After Fitting

i Derived Parameters

Constants

FWHM=sgrt(2*1ln(2)) * w
Height=A/ (w*sgrt (PI/2))
h=2/ (w*sgrt (PI/2))

Added Derived
Parameter

»

m

-

A= T A A

[ Fit J[ Done ” Eancel] %

7. Click Fit button to generate report sheets. After fitting, Origin will compute the height and include

the result in the Parameters table on the fitting results worksheet.
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-] Gaussian - Gaussian.dat * [ @ =)
i, 1 = Nonlinear Curve Fit (Gauss) (8/7/2015 10:06:17) T
Notes |
Input Data hd -
— Parameters x|
Value Standard Error t+Value Prob=|{| Dependency
y0 534198 058341 915655 | 6.21148E-12 054074
XC 249089 0.03666 = 287.40475 0 1.07265E-11
w 1016969 0.20452 4972362 0 052123
G A 98490204 2145075 4591457 ] 0.69383
sigma 508485 010226
- FWWHM 11.9739 024081
Height  77.27256 1.21284
h  F7.27256 1.21284
Reduced Chi-sqr = 781572174469
COD{R*2) = 0.38966112534176
Iterstions Performed = &
Totsl Iterations in Session =5
Fit converged. Chi-2gr tolerance value of 1E-9 was reached.
sigma, FWHM, Height, h are derived paramster(s). -
4 [ v [\ Gaussian } FithNL1 £ FithLCurve f |« & b

If you want to obtain the confidence interval for derived parameters, you can click on the green

lock and select Change Parameters to go back to the NLFit dialog. Click Advanced option

under Settings tab, expand Quantities node on the right panel and check the LCL and UCL

checkboxes under Fit Parameters branch. Click Fit button to recalculate.

Settings |Code | Parameters I Bounds|

Function Selection
Data Selection
Fitted Curves

Find =/

Output

Quantities
B Fit Parameters
Unit
W alLie
Fired
Standard Error

LCL
UCL

Confidence Level for Parameters( %)

LR e

1 g9 EEDE O,

m

-

9. Then confidence interval 95% LCL and 95% UCL are calculated for both parameters and derived
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YValue Standard Error t-Value Prob=[t| 95% LCL 95% UCL Dependency

¥0 5.34198 0.58341 915655  G6.2114BE-12 4 16764 6.51631 0.54074

xC 24 90649 0.08666 287 40475 ] 24 73246 2508134 1.07265E-11

w 1016969 0.20452 4972362 0 975801 1058138 0.52123

A 898490204 21.45075 4591457 0 94172392 1028.08016 0.69383
sigma 5.08485 0.10226 4879 5.280649
FWWHM 11.97349 024081 11.48817 12 45862
Height 77.27256 1.21284 7483123 78.713849
hf 77.27256 1.21284 7483123 79.71389

Removing Derived Parameters

You can also remove derived parameters from result sheet. Continue with the tutorial above, follow
the steps below:

1. Select Tool: Fitting Function Organizer in the menu to open the dialog again. In the left panel

of the dialog, select Origin Basic Functions: Gauss.
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2. Goto Derived Parameters section and remove expression h=A/(w*sqrt(PI/2)) from that panel.

P

. Fitting Function Organizer

g v e = gy = e | e

Allometnc
Beta
B oltzrmann
dHvperbl
Expdzson
ExpDecl
ExpDec?
ExpDec3
ExpGrowl
ExpGrow2
Gausz®
ausssmp
wperbl -
Logistic
LogM armal
Larentz

Paoizzon

m

G
H

[# [ Implicit
[# [ Convalution
[+ [ Expanential -

E quation | S ample Curve | Hirts |

bl 3 |
Script Before Fitting
| |
Scnpt After Fitting
> |[=]
Constants
> |[=]
Enable Constraints
Constraints
| |
Derived Parameters
zigma=wi2 -
P HM=zgrt[2R[2]] * w
Height=g./[wzgrt[P1/2]]
hall| 3 |

N Expression for h
A ~“7 has been removed

e

=] = |

»

m

d

Save
I ew Categary
Mew Function
Builder...
Duplicate

Ad

('l

Remove

Canicel

o
-

Sirmnulate

Reset

Search

>

4

3. You may need to wait one or two seconds before the Save button is enabled. Click Save button

and then OK button to close dialog.

4. Click on the green lock on the top left corner in result sheet FitNL1 to change parameters and

click Fit button again in the appeared NLFit (Gauss) dialog. We will see the derived parameter h

has been removed from result table.
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m

% Gaussian - Gaussian.dat * E'@
@, 1 = Nonlinear Curve Fit (Gauss) (8/7/2015 16:47:28)
= Notes =
< Input Data hd|
- Parameters |
Value Standard Error tValue Prob=[i| 95% LCL 95% UCL Dependency
ya 534198 0.58341 915655 B6.21148E12 416764 6.51631 0.54074
e 24 9069 0.08666  287.40475 0 24 73246 2508134  1.07265E-11
w 10.16969 0.20452 4972362 ] 9.75801 10.58138 052123
Amplitude A 98490204 21.45075 4591457 0 94172392 102808016 0.69383
sigma 5.08485 0.10226 4879 529069
FWHM 11.9739 0.24081 11.48917 12.45862
Height 77.27256 1.21284 74.83123 79.71389
Reduced Chi-sqr = T.81572174485
COD{R"Z) = 0.98565112534176
Iterations Parformed = 5
Totsl [terations in Session = 5
Fit converged. Chi-Sgr tolerance value of 1E-9 was reached.
sigma, FWHM, Height sre derived parameter(s).
- Statistics hd
[+ [+ [\ Gaussian jFitNL1 £ FitNLCurve1 f || « v

42231 Fit Multiple Datasets by Fitting One and then Using Those Fit
Parameters for Other Datasets

Summary

In some cases, you might have multiple datasets, and want to fit them using the user-defined function
without parameter initial code. For increased efficiency, you can fit one and then apply the fit
parameters for other datasets.

Minimum Origin Version Required: Origin 8.6
What you will learn

This tutorial will show you how to:

o Create a user-defined fitting function in Fitting Function Builder
e Perform an independent fit.
o Fit one of multiple datasets by doing 1-iteration, full-iteration.

o Apply the parameter values of one dataset to other datasets.

Steps

Create a User-Defined Function in Fitting Function Builder

The Fitting Function Builder can be used to create or edit a user-defined function. In the following
section, we will define a fitting function MyExp with this tool.
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1. Select Tools: Fitting Function Builder... from the main menu (or press F8) to open the

Fitting Function Builder. Select the Create a New Function radio box.

Fitting Function Builder, - Goal

@ Create a Mew FunctinD

() Edit a User-defined Function

2. Click the Next button to go to the Name and Type page. Enter MyExp in the Function Name

box and select the Origin C radio box for the Function Type.
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Fitting Function Builder - Hame and Type - MyExp Z||:|[z|
«|
Select or create a Cateqgaory | Izer Defined Mew
Function Name (l MyE up D |
File Marme(.FO'F) |r-.-1_|,|E xp.FOF |
Dezscription | |

Furction kModel

%) Explicit ) Implicit

Function Tepe
) Exprezsion
) Equations
) LabT alk Script
") External DLL-based Function

Include Integration During Fitting

[<<Back| [Mests>|  Finish

3. Click the Next button to go to the Variables and Parameters page. Enter the variables and

parameters as shown in the following screenshot:
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Fitting Function Builder - Yariables and Parameters - MyExp

o ——

|ndependent Y ariables /| » \‘1 |

Dependent ¥ ariables |.'r' |

Parameters vO.aH / |
e

Derved Parameters | |

Constants | |

[] Peak Function

[<< Back] [Ne:-ct>>l

4, Click the Next button to go to the Origin C Fitting Function page. Enter the function body
y=y0+a*exp(b*x) in the Function Body box. To verify the correctness of the function, click

the button beside the Function box to open the Origin Code Builder.
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Fitting Function Builder, - Origin € Fitting Function, - MyExp

Significant Digits
il ? ] 1 Spstern v
a ? ] 1 Spstern v
1 Spstem ¥

Function Body [Dependent Yarables : y) Treat All Mumbers As Double [ ] Use Denvatived £ }

y=yDeatenplb™) ) Click this button to

open the Code Builder

[uick Check
2| |

< Back| [Mewts»|  Finen

In the Code Builder, click the Compile button to compile the function. If passed, the message Compile

Done will show, and then you can click the Return to Dialog button to return to the Fitting Function

Builder.
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## Untitled - Code Builder - _nlftyExp.fit
File Edit ‘“iew Build Tools ‘Window Help
[ —\_1 .\ﬂ oo ::-:.:::.:-:: HaRLr E I: i

1 niftdyExp fit x

- Project (: Compile } | Retum ta Dialog

--E System

: 76 B
E Temporary 27 £ =
[ User "C:\Documen 28 s |

29 woid _nl=fMyE=xpi

an <« Fit Parameter(=):

31 double w0, double a. double b.
32 <« Independent Variablei(=):

a3 double =.

34 <« Dependent Variablei=):

a5 doublei v

b {

a7 <« Beginning of editable part
" aa v=vl+a*exp(b*x)
34 ¢ End of editable part

40

Compile Donel E E E g E

Mame Labels
<5 2| | £ | 2
| =] output |Ecall st... | B Find R..| |3 Break... | Elvariab...| (3 Book... |

5. Click the Finish button to create this fitting function MyExp.

Fit Multiple Dataset with User-Defined Fitting Function

1. Import\Samples\Curve Fitting\Exponential Decay.dat to Origin worksheet.
2. Highlight all columns and then select Analysis: Fitting: Non-linear Curve Fit from the menu to

open the NLFit dialog.

3. Select the function just defined in Settings tab, Function Selection page:
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B NLFit (MyExp (User))

Dialog Theme - ﬂ
Settings | Code | Parameters | Bounds

Data Selection Category | User Defined w |
Fitted Curves .

Find 57 Function MyExp [Uszer] v
Advanced Iteration Algorithm | =venbeng Mamuad

Output

Description

File Mame[.FDF] C:ADocuments and Settings\OriginLabtMy DocumentshOriginLabh 3040 ser Fileshfil

< i |

A =T Y T P A A N | e =

4. Switch to Parameters tab, enter 80, 100, -5 on the Value column as initial values for y0, a, b
of the first dataset. Then select 1 from the independent fit drop-down list and iterate the first

dataset until converged.

B NLFit (MyExp (User))
Dialog Theme =

Settings | Code | Parameters | Bounds |

[¥] &wto Parameter Initialization 1. Set initial values for the

Double click cells to change operator. Right parameters of first datset. eader to change column orders.

(]
N
R

2 y0_2 ? ] - - - - System (VI =
2 az 7 J - - — - Systemn [
2 b2 2 O . a 3.Click Fit Until w0 &
5 03 5 o - 3 Converged button to fit 2. Select first S

= - the first dataset. dataset to iterate.
3 a_3 7 O - . m
- 1 - - m 1 —

alglm] 1l ool A 4 COEE g

5. The parameter values are calculated and the fitting result is hinted in the buttom left corner of

this dialog.
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6.

7.

W NLFit (MyExp (User)) o

Dialog Theme = ﬂ

Settings | Code | Parameters | Bounds |

Auta Parameter Initialization

Double click cells to change operator. Right click cells for more options, Drag column header to change column orders.

MO, | Param | Meaning Fixed |__Error | Depend Loweer Conf Limits | Upper Conf Limits | Significant D

2 w0z ? J = - = = System

2 a2 ? i - - - - - System

2 bz ? I - - - - - Systerm

3 y0_3 ? ] - - - - - System

- - -~ | - —
< 1l | >

=

S =) slBl) 1) plolslalsl ¥ (A

To initialize the parameters of other datasets, apply the parameter values of the first dataset
to other datasets by right-clicking the values, and then selecting Apply Whole Set of

"Value" to All Datasets from the fly-out menu.

B NLFit (MyExp (User))

Dialog Theme -

Settings | Code | Parameters | Bounds|

Auta Parameter |nitialization

Double click cells to change operatar. Right click cells for more options. Drag column header bo change column orc

MNO. | Paramn | Meaning |Fixed WalLie Etrar Dependency | Lower Conf Limits

l:. Format Cells. ..
l:. Apply Same "Value® to all yo
2 y02 ? [l - Apply Format to All y0
2 a_z ? C] - PR e !
2 b2 ? [] - Copy "Value” of all y0
3 y0_3 ? 4 - alue® to ol
5 a3 5 D _ Paste "Walue™ to all vO
3 b_3 ? [ — Copy Whaole Column
L

Paste Whaole Column

|
Fit corverged. Chi-Sar tolerance value
of 1E-9 was reached. 4 |E ¢ Apply Whole Set of "Value" to Al DEESE_E‘\'&R\_ |

L

Click Fit button to finish the fitting for all datasets.
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BTuTT]

22 ExponentialDe - Exponential Decay. dat

- Parameters =|
Yalue Standard Error
yl 104.85968 0.6900%
Decay1l a 1933244 210614
h -8.273 021726
wO 5636224 1.207249
Decay? g 1256017 295612
L b -5.07476 024853
yO 2015473 064325
Decay3 g 117.5494 3.920498
b -11.260494 056814
Reduced Chi-=qr = 26 761 1441611
CODCRZ) = 094502213157 155
terations Performed = 18
Total erations in Session = 18
Al datasets were fitted successfully. Z
1] * |\ Esponential Decay A FitNL1 £ FitdLCuvel 7 || »
4.2.2.32 Implicit Fitting with Three Variables
Summary

This tutorial will show you how to define an implicit fitting function with three independent variables,
then perform implicit fitting with it on fitting data.

Minimum Origin Version Required: OriginPro 9.0 SR1
What you will learn
This tutorial will show you how to:

1. Define an implicit fitting function.
2. Perform implicit fitting with three independent variables.

3. Plot the fitted surface manually.

Examples and Steps

Import Data
ity
1. Click the Import Single ASCII button = to bring up the Open dialog. Browse to
\Samples\Curve Fitting folder and select the file Ellipsoid.dat file.
2. Highlight column C, right click on selection and choose Set As: Z from the context menu. Select

Plot: 3D Symbol/Bar/Vector: 3D Scatter from Origin menu. Double click on the graph. In the
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Plot Details dialog, select Layerl in the left panel, click Axis tab, set X, Y, Z Length as 100, 75,

50 respectively. Click the Fit frame to layer button in the 3D Rotation toolbar. The graph should
look like:

=l Graph1 |Z| |E| [z|

etV - 100
I . :-:: o | ?‘ . % ".".'.l‘
e 2 *+* . " ‘.- ™ {i
i sy ®e ‘e "o . w "B, * .
L] . -: ] - » . ¥ ¥ L™
" | "" ‘e " % R ‘e !‘:
| ::- .:"l .: -"" '.. I‘. . "o :‘
‘l . .ln . »a ..' L] .q.-l
"'.ﬁ,.' !' . B e
! < .r‘ -2‘%":*:1'#?‘

Define Fitting Function

The graph can be fitted with an ellipsoid. The function can be expressed as:
2 2 2
r — I y— 1 T—z
(z —x0)*  ly—w)® | (=~ 20

a? b2 2

=1

where [1’{]- b 3{1;' is the ellipsoid's center location, a, b and ¢ are semi-principal axes lengths, x, y
and z are three independent variables for fitting data.

The fitting function can be defined using the Fitting Function Builder tool.

Select Tools: Fitting Function Builder from the Origin menu.
In the Fitting Function Builder dialog's Goal page, click Next.
3. Inthe Name and Type page, select Implicit from Select or create a Category drop-down list,

type Ellipsoid in the Function Name field, and select Implicit in Function Model group. And
click Next.
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Fitting Function Builder - Name and Type - Ellipsoid |'-_||E|f'5__<|
&
Select ar create a Category [ Implicit L ” Hew
Function M ame Ellipzaid |
File Mame(.FOF] |EIIip$u:uiu:|.FDF |

D ezcription | |

Function kModel

Function Tepe
) Expression
) Equations
) Origin C
) LabT alk Script
) External DLL-bazed Function

[<< Eack] [Ne:-:t>>]

Note that implicit functions must be defined in Implicit category.

In the Variables and Parameters page, type X, vy, z in the Variable field and x0, y0, z0, a, b, c in
the Parameter field. Click Next.

In the Expression Function page, type the following script in the Function Body edit box.

(x-x0)"2/a”2+ (y-y0) *2/b"2+ (z-z0) *2/c"2-1

Note that for an implicit function filaipi) = falai . pi) where i (i=1,2..) are independent

variables, Pi (i=1,2...) are parameters, it must be defined as f= fileipi) — falwipi)in
Origin where f is the Estimate.

Set initial parameters as follows in the Parameters tab.

x0=0 y0=0 z0=0 a=3 b=3 c=3
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7. Inthe Quick Check group, click Evaluate button, it shows f=-0.667 at x=1, y=1, z=1.
Fitting Function Builder - Expression Function - Ellipsoid
Significant Digits
7 ] Syskern (%]
| 7 ] Swstem [»]
z0 ? ] System [
a ? ] System [
b 7 ] System [
? ] Swskemn ol
Function Body
f= [:-c-:-cEI]AE.-"aA2+LI.J-_I,IEI]A2.-"|:|A2+[2-2EI]A2.-"|:A2-1J
Quick Check
|||t = -0.6E6E6EEEEEE6E7 |
| << Back| |Mest>>| | Finish ]I
Click Next button, then click Next button again.
8. Inthe Bounds and General Linear Constraints page, set lower bounds for a, b and c,
a>0 b>0 c>0
9. Click Finish button to close the dialog.
Note that a message in Messages Log is shown that the implicit function is saved in the User
Files folder.
Fit the Curve

1. Forimplicit fitting with more than 2 independent variables, Origin only supports input data from
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workbooks not graphs. So we have to make the workbook for fitting data active before fitting.

Select Analysis: Fitting: Nonlinear Implicit Curve Fit from Origin

menu. In the NLFit dialog,

select Settings: Function Selection, in the page select Ellipsoid function from the Function

drop-down list.
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2. Select Data Selection page, expand Input Data: Rangel, and choose column A as X, column B
as Y and column C as Z. An error message is shown at the bottom of the Settings panel.
Following the suggestion of the error message, go to the Fitted Curves page and change the
Data Type of X to Fitted Point for Input Data. The Data Type of y and z should automatically
change as well.

M NLFit (Ellipsoid (User)) o]

Dialog Theme ﬂ

Settings |Code Parameters | Bounds

Function Selection ' )
Data Selaction Plot on Source Graph

Update Legend on Source Graph

Fird % Multiple Plots Use Source Graph Color

Advanced - -
Output [ Data Type of = HFltted Poirt for nput Data vﬂ
Gridding Size
Range 4
Fange Margin [%)] I:l
[iata Type of y | Fitted Paint for Input Data A | -
| B & & B 0]e]8]a] [Fe_J(Coone J[(cameel] 5

|Fit Curve |Residual Formula | Sample Curve | Messages | Function File | Hints

No Preview

origin does not support fit curve
presiew for functions with more than
2 wariables in orthogonal regression.

Note that Origin doesn't support Fit Curve preview in the NLFit dialog or fitted surface in the
fitted report for implicit fitting with more than two independent variables.

3. Since initial parameters have been set in Fitting Function Builder dialog, we can click Fit button
to fit the curve.

Fitting Results

Switch to the fitted report. Parameters and Statistics tables are shown in the report.
Fitted Parameters are shown as follows.

Parameter Value Standard Error

x0 0.41073 0.01576
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yo 0.32043 0.01352
z0 0.00147 0.00749
a 4.00325 0.02076
b 3.00097 0.01881
c 1.99972 0.00933

And Adj. R-Square is 0.99823, which means the fitted result is very good. Note that this result is
from Origin9.0 32Bit, while in Origin9.0 64Bit the result is slightly different, and the latter is better.

In the FitODRCurvel worksheet, the first three columns show XYY coordinates for fitted points.

Note that in the implicit fitting, x ,y and z are all independent variables, they will all be adjusted during
iterations in the fitting.

Fitted Surface

Although Origin9.0SR1 doesn't show the fitted surface in the fitted report for implicit fitting with more
than two independent variables, in this example you can plot the fitted ellipsoid using 3D Parametric
Function Plot tool in Origin as follows.

1. Make the fitted report active, run following LabTalk script in the Script Window in order to get
fitted parameter variables.

getnlr tr:=tt;

x0=tt.x0;

yO0=tt.y0;

z0=tt.z0;

a=tt.a;

b=tt.b;

c=tt.c;

2. Variables x0, y0, z0, a, b and c can be used in following steps.
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3. Make Graphl active. Select File: New: Function Plot: 3D Parametric Function Plot from
Origin menu. In the Create 3D Parametric Function Plot dialog, set u from 0 to pi, v from 0 to
2*pi. And define X ,Y and Z as follows.

X (u,v)=x0+a*sin (u) *cos (v)

Y (u,v)=y0+b*sin (u) *sin (v)

Z (u,v)=z0+c*cos (u)

4. And choose Add to Active Graph from the drop-down list at the bottom left of the dialog.

Create 3D Parametric Function Plot

Theme = 'S |
Function Lal:uel|

kezh Gnd Scale
Parameter Fram Ta

Columnz |50 u
Flows |5IZI | |v ||n |2"|:|i

o[ ()] w
T yD+h*sin{u}*sin{v}J LI
Zlu] = zl+c®co=(u) J LI
Drefinition [ ] Show LabT alk, Script

Name Yalue

Crr— =
5.

6. Click OK button to close the dialog. A 3D ellipsoid plot will be added to Graph1l.

7. Double click on the graph. In the Plot Details dialog, you can customize the graph as follows.

Note that only OpenGL of 2.1 or higher version supports 3D transparency in Origin9.0. You can
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select Tools: 3D OpenGL Settings from Origin menu to see your OpenGL version, if your
OpenGL version is lower than 2.1, you should ignore the setting for 3D transparency in Step 3.2.
1. Select Layerl in the left panel, click Size/Speed tab, clear Worksheet data, maximum
points per curve check box in the Speed Mode, Skip Points if needed group. Click
Lighting tab, choose Directional in the Mode group, and select blue color as Ambient
color in the Light Color group.
2. Select the second plot in the Layer1 branch, click Surface tab, set Transparency as
50%. Select Fill tab, and change Fill piece by piece color to white in the Front Surface

group. Click OK button to close the dialog.

The graph for the fitted ellipsoid will look like:

4.2.2.33 Nonlinear fitting using Orthogonal Distance Regression

Summary

When performing non-linear curve fitting to experimental data, one may encounter the need to
account for errors in both independent variables and dependent variables. In Origin, you can utilize
the Orthogonal Distance Regression (ODR) to fit your data with implicit or explicit functions. This
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tutorial will demonstrate how to perform non-linear curve fitting on data with both X errors and Y
errors using ODR with a built in function.

Minimum Origin Version Required: Origin 9.1
What you will learn

This tutorial will show you how to use Orthogonal Distance Regression to fit nonlinear data with both
Xand Y errors.

Example and Steps

1. Open a new workbook.

ity
2. Click the Import Single ASCII button = to bring up the Open dialog. Browse to the

\Samples\Curve Fitting folder and select the file ODR fitting.dat.

3. Highlight column XError (long name) and right click to select Set As: X Error to set it as X error
column.

4. Highlight column YError (long name) and right click to select Set As: Y Error to setitas Y error
column.

5. Highlight all four columns and go to Plot:Symbol:Scatter to make a scatter plot with both X and
Y error bars.

6. Go to Analysis:Fitting:Nonlinear Curve Fit:Open dialog... to open NLFit dialog.
On Function Selection page, select Category as Polynomial, Function as Poly4 and Iteration

Algorithm as Orthogonal Distance Regression (Pro).

21 NLFit (Poly4) [F=R(=R ==

Dialog Theme | = ﬂ

Settings | Code

Pararmeters | Bounds

Data Selection Category [F'olynomial v]
Fitted Curves .
Advanced Iteration Algorithm | Orthogonal Distance Regression [Pra
Output D . Leverberg Marquardt

eszcrnption -

File Hame[ FDF]

ﬁlﬂl Elﬁl ﬂlﬁlililil [ Fit ” Done ][ Cancel] %
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8. Since X error and Y error columns have been specified in step 3, 4 so that when Orthogonal
Distance Regression is selected as iteration algorithm these two columns will be automatically
assigned as corresponding weight for X and Y data respectively. You can go to Data Selection

page and expand x and y nodes under Input Data to see.

7| NLFit (Poly4)
Dialag Theme | - | ﬂ
Settings | Code I Palametersl Bounds|
Function Selection
i Data Selection Multi-D ata Fit Mode |Independent Fit - Conzolidated Report V|
Fitted Curves
Fird & Weights [Use Each Fange's Setting V]
Advanced B In T
put Data [Graph1]1H"™
Output | DE]
B Range 1 [[Graphi[in ™ ]
winrksheet [ODRfiting]"D0R fitting™*
cf
El wWeight [Instrumental -
Data | C:xEmor hd
By B.Y -
Weight [Instrumental -
Rows Al -
& B[R] L5 o]0]2]4]5] (] (oere ] (Carcel] 3]
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9. Click Fit button and choose No radio box in the appeared Reminder Message dialog, and click

OK to close it, the fitting results are as shown below:

Medel Foly4
) y= A0+ Al% + AZR2 + AZh
5 Eguation 3+ Adexhd
) Y Reduced 0.27028
. i chi
—— Poly4 Fit of ODR fitting B"Y" Fe
Adj. R-Squars 0.99881
4 Valug | Standard Error
AD | 63857 1.37074
Al | -8.40808 40582
v AZ | -0.12299  4.19041
A3 | 27207 1.77818
> 3 A4 | 072885 0.20889
2 4
1 4
O T T T T T T
0.0 05 1.0 15 20 2.5 30

You can refer to this page for the details of the algorithm of ODR as well as Levenberg Marquardt (L-
M) algorithm. Another example of using Orthogonal Distance Regression for Implicit Functions can be

found here.

4.3 Signal Processing

4.3.1 Signal Processing

e FFT and IFFT

FFT Filter

Smoothing

STFT (Short-Time Fourier Transform)

IIR Filter
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e 2D FFT and Filter

e Convolution
o Wavelet

e Coherence and Correlation

e Decimation and Signal Envelope

e Rise Time

e Sound Processing

4.3.2 FFT and IFFT
4.3.2.1 Summary

FFT (Fast Fourier Transform) is able to convert a signal from the time domain to the frequency
domain. IFFT (Inverse FFT) converts a signal from the frequency domain to the time domain. The
FFT of a non-periodic signal will cause the resulting frequency spectrum to suffer from leakage.
Origin provides several windows for performing FFT to suppress leakage.

4.3.2.2 What You Will Learn

In this tutorial, you will learn how to:

1. Perform FFT on signal with different windows.
2. Recover the original signal with the spectrum.

3. Perform FFT on a graph by using the FFT gadget.

4.3.2.3 EFT Gadget

Origin's FFT gadget places a rectangle object to a signal plot, allowing you to perform FFT on the
data contained in the rectangle. This is convenient for quickly observing the FFT effect on the data.

The following tutorial shows how to use the FFT gadget on the signal plot.

1. Start with a new workbook, and import the data <Origin Installation

Directly>\Samples\Signal Processing\Chirp Signal.dat.
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2.

3.

:#8 ChirpSignal - Chirp Signal. dat

Comiments
Sparklines

AL B
Long Marme Time Amplitude
LInits (ser) (a.ul

— i

f.1359E-5
24544E-4
5.5223E-4
08175E-4
0.001453
00021
0.0030m
0.00393

3|

Armplitude (a0
(]

[ — Amplitude |

10
Tirme (sec)

With the plot active, select menu Gadgets: FFT... to start the FFT gadget.

Data Analysis
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Data Exploration: addtool _curwve fft E] E|

Dialog T heme ﬂ

Descrption  Place a rectangle onta the plat to perfarm FFT

R.OI Box

El ¥ Scale
Fram 2q
To 15

Fixed[Prevent moving by RO []
[ ]5how Tool Hame

Fill Color D Auto |

[ OF. H Cancel ]

4, Using the default settings, click OK to add the rectanglar Region of Interest (ROI) to the

graph.
&= Graph1
1 .
[ — Amplitude |
*
" 1
E)
=
[ak]
3 o
E
=L
. I
0 ' 10 ' 0
Tirme (sec)

5. Note that the FFTPREVIEW graph is created showing the FFT results for the selected data.
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FFTPREVIEW * =N R
1 Options
E Rescale
01 4 |i Log Scale
—_ [X Keep DC OF
5 Lhadl
el
Jub}
T 0014
= ]
=1
E
<
0.001 3 L\\s
1E4 o

2 40

0
Frequency (1/(sec))

6. You can move the rectangle left and right to cover different portions of the data. You can also

change the width of the rectangle to cover different numbers of data points. Repositioning or
resizing the ROI changes the FFTPREVIEW graph.

4.3.2.4 EET

In this example, we are going to change the window for suppressing the spectrum leakage.

1. Use the same data as the FFT Gadget subsection above.

2. Highlight column B, then select menu Analysis: Signal Processing: FFT: FFT.... This opens the

Signal Processing\FFT: fft1 dialog box.

3. Inthe dialog, check the Auto Preview box at the bottom to preview the result in the right

panel. Change the Window to Blackman, but keep the remaining default settings. In the

right panel, we can see that there is a sharp narrow peak spectrum for Amplitude. The

Blackman window has suppressed the spectrum leakage very well.
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Shift

Unwrap phase

r ~
& FFT: it (-2 [
Dialog Theme | = ﬂ Preview
Description  |Fast Faurier transform on input vector (discrete Fourier transfarms) . ngqu ency n -
3000 T T
Fecalculate @ 0l
£ 000 ]
|Input | Cptions | Plot | Cutput | o . . .
0264 1
S ampling Interval 0.01 Auto
- L oyg
windon g o
=
Window Cormrection Amplitude - =
£ 0085 |
Normalize Re. Im and Mag [| <
0.000 4

o) @ 60

Factor [-1 [Electiical Engineering) V] b Frequ ency
Spectrum Type
Mormalize power to [MSA-Mean Square Amplitude v]
Preview Amplitude/Phaze "
[¥] Buto Preview) | Freview
4, Click OK to generate the resulting data and graphs.
] ChirpSignal - Chirp Signal.dat * =N = ==
AX) (i) B(Y) @ | C(Y) @] -
Laong Mame Frequency Complex Real |
Units 1(sec) (a.u) (a.u.)
Comments FFT of [ChirpSignall™Chirp FFT of [ChirpSignal]"Chirp FFT of [ChirpSignal]"Chirp FFT of [C
Signal"lB"Amplitude” SignalB"Amplitude” Signal”B"Amplitude” Signal
F(x)=
2 0.04883 1.35312 + 0.05927i 1.35312
3 0.09766 1.80944 -013873i 1.80044
4 014648 236092 - 085292 236092
5 019531 259074 -2 27207i 259074
G 024414 1.81698 - 4.29756i 1.81698
7 0.29297 -0.72738-6.18918i -0.72738
8 0.3418 -5.26597 - 6.2992i -5.26597
9 039063 -10.37639 - 2470171 -10.37639
10 0.43945 1217611 +6.17883i -12.17611
11 0.48828 -5.63361 + 16.26424i -5.63361 A
12 n&3711 10 2RA4T + 18 73255] 10 PRA4AT —
4 [+ [\ Chirp Signal } FFTResultData1 £FFTResultGraphs1 / || « m Wl e

4.3.2.5 |EE

This example will show how to recover the signal from the results of doing an FFT. To do so, both
settings for FFT and IFFT need to be the same, and the Spectrum Type needs to be Two-sided and

Window needs to be set to Rectan

gle.

1. Start with your FFT results, above, and click on any of the green locks. Select Change

Parameters... from the menu to open the dialog box again.
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[ (Change Parameters...
Delete

(2o ko Source

Recalculate Maode; Manual
Fecalculate Maode: Auto

Recalculake Made: Mone

Shiowe Info (FFELY

Generate Scripk

Repeat this Analysis to All ¥ columns

2. As mentioned above, the Window needs to be set to Rectangle, and Spectrum Type

should be Two-sided, so edit these two settings.

.
5 FFT: fitl (2 [
Dialog Theme | = ﬂ Preview
Description  |Fast Fourier transform on input vector [discrete Fohr transforms] Frquency
-850 50
Recalculate @ 2300 4 ' ' ' b
w
(1] 04 9
|Input | Options | Flot | Output | £
o -2800 - B
B
Sampling Interval oo [¥] &t 008 J W | 1
2 also can
Window see that
@ .
Window Correction m T 00444 Rectangleis
, = not as good
Normalize Re, Im and Mag [ | = as Blackman
Shift L £ 0022 - for i
Unwrap phase << suppressing
Factor [-1 [Electical Engineering) '] 0.000 SeF;ec;éLém B
Spectium Type T T T
-50 0 50
Hormalize power to [MSA-Mean Square Amplitude '] Frequency
Preview Amplitude/Phaze - A

[¥] Auto Preview | Freview

3. Click OK and the results will be modified.

4. Go to the FFTResultDatal worksheet. We can see one column is Complex, one column is
Real, and one is Imaginary. Here, we can use the Complex column (the Real column and
Imaginary column also can be used). Highlight it and select the menu item Analysis: Signal
Processing: FFT: IFFT... to open the Signal Processing\FFT: ifftl dialog. (Note, if using
Real and Imaginary columns, the first line for Input should be the Real column, and the
Imaginary box should point to the Imaginary column.) Check the Auto Preview check box at

the bottom to preview the result in the right panel.
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Recalculate

El Input
Imaginary
Sampling Interval

Plot

=l Options
Unda Shift Input D ata

‘window

‘window Cormection

Factar

Unwrap Phasze
Result Data Sheet

Result Graph Sheet

M anual

ChirpSignallFF TR esultD atallB"Complex'|

B

0048328125 At

Amplitude/FPhaze -

Rectangle -
Amplitude -

[-1 [Electrical Engineering) v]

i

o0

Amplitude () Phase (Deg)

m
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»
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4

Auto Preview

Preview

5. Keep the default settings and click the OK button.

6. Now, we can make a comparison between the IFFT result (in IFFTResultDatal worksheet)

and the original signal data. As the image below shows, they are almost the same.

hirpSignal - Chirp Signal. dat

ChirpSignal - Chirp Signal.dat [Z[E][X]
- =

Timegd - Real(y) IS Irag (Y} &) ~ AQQ =T3S
Long Mame Tirme(s) [ Real | Imaginary ' Long Name| Time | Amplitude
Units 1ifsec) (a.u) (a.u) Unitz|  (zec {a.u)
Comments IFFT of IFFT of IFFT of Comments
[ChirpSignallFFTResultDatal IF|[ChirSignalFFTResultDatal IF [ChimSignalFFTResultDatal IF [Chim i -
FTComplex’ FTComplex FT"Complex / IW'_
7 0 61350E-5 IMaginary is 0 1] 0.01| 6.1359E-5
2 0.01 245464 | almost zerd 245617 2 0.02| 2.4544E-4
3 0.02 5 5273E-4 Z3.98986E-17 3 0.03| 5.5223E-4
) 0.03 9.8175E-4 -2 42861E-17 4 0.04| 8.8175E-4
5 0.04 0.00153 7.632T8E1T 5 0.05] 0.00153
B 0.05 0.00221 8.6T3BZE-1T ? gg? ggggg]
7 0.06 0.00301 -F.93889E-18 5 sosl ooaes
8 0.07 0.00393 ~2.77556E-17 g voal 000297
g 0.08 0.00487 -3.46945E-18 0 01|  noogta
10 0.09 0.00614 728R84E1T 11 041]  0.00742
11 04 0.00742 3.46945E-18 12 042  0.00884
12 011 0.00884 f2B837E-18 13 013 001037
13 012 0.01037 1 64799E-16 1; 31; ggggf
12 043 0.01203) | 2.08167E-17 | — . : :
T IFFT_resuit 014 00138 resrser,  ~ 1 'g nalg:?‘\__ 3313;}' ¥
<[+ \JFFTResultData {IFFTResulGraphi 7 IE s | | WD enirp Signal AFFTResultDa] < | »|[

4.3.3 FFT Filter
4.3.3.1 Summary

Origin offers an FFT filter, which performs filtering by using Fourier transforms to analyze the
frequency components in the input dataset.
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There are six types of filters available in the FFT filter function: low-pass, high-pass, band-pass,
band-block, threshold and low-pass parabolic. Low-pass filters block all frequency components above
the cutoff frequency, allowing only the low frequency components to pass. High-pass filters work in
the opposite way: they block frequency components that are below the cutoff frequency.

This tutorial will show you how to perform the low-pass and band-pass filtering using Origin's FFT
filter.

4.3.3.2 What you will learn

This tutorial will show you how to:

e Perform low pass filtering.

e Perform band pass filtering.

4.3.3.3 Low-pass Filter

1. Start with an empty workbook.

2. Select File:Import:Sound(WAV) menu item and import the file Origin 8 Message.wav
located at <Origin EXE Folder>\Samples\Signal Processing\. Accept the default import

settings.

:#8 OriginBMessag - Origin B Messag. |
[ AT B L

Long Mame| Origin 8 Message
LInits
Comments

sampling Interal\; 5674676-5 second)
Sparklines |  —ebelissbie—
126
112
120
112
122
134
130
144
106 —

% Drigin 8 Message / |{ ¥ | r

Llwl Wl RV Wyl W S0 DR S

3. Highlight column A(Y) and click the Line / button on the 2D Graph toolbar to create a line plot.
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7.

8.

This signal is a sound wave and it is already known that the high frequency components can be
regarded as noise, and should be blocked. So we will use the Low Pass method in the FFT Filter
tool to approximate the low frequency component for further analysis.

Make sure the line plot is active, then select Analysis:Signal Processing:FFT Filters to open
the fft_filters dialog box.

Make sure the Filter Type is set to Low Pass.

Check the Auto Preview box to turn on the Preview panel:

Preview

200 - — Dngm 8 Message _
Fitered

NH'T’" dr""ff’ e

'.'.||_r:1||| g W EDAED |

107 5 —— FFT Amplitude 3

10° ]
L
9 4
=
= 10°
o

10°

10°

T T T T
0 2000 10000 18000 20000
Freguency

The top two images show the signal in the time domain, while the bottom image shows the signal in the
frequency domain after Fast Fourier Transform. The X position of the red vertical dot line indicates the
cutoff frequency. By moving the vertical line horizontally, you can preview the comparison between the

original signal and the filtered signal in real time, in the top part of this panel.

Move the vertical line to the X position of the peak amplitude (as in the image below). Note
that human error may be introduced during this step, but it is acceptable since we only want

to roughly filter the signal.



Amplitude

— FFT Amplitude

5000 10000 15000 20000
Frequency

9. Click OK to apply the FFT filter to the original signal.

Data Analysis

10. The signal after filtering will be added to the data plot of original signal. Select Graph:Speed

Mode and turn off speed mode in this graph. The resulting graph should look like this:

&= Graph1

—— Origin 8 Message
— 440348 Hz Low Pass fitfilter of "Origin 8 Message"

10000

g0o0

G000

Origin 8 Message

-2000

-4000

£000

5000

4000

2000

Tirne (second)

11. In the resulting graph, we can see that the high frequency components are blocked by the Low

Pass FFT filter.

4.3.3.4 Band-pass Filter
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1. Start with a new workbook.

13y,
2. Click the Import Single ASCIl = button and import the file fftfilter3.dat located at <Origin EXE

Folder>\Samples\Signal Processing.

3. Highlight column B and click the Line i button on the 2D Graphs toolbar to generate a line

plot.

= Graphi E| @| E|

! | —— Amplitude |

20 4

13 4

10 4

Amplitude

0.0 0.1 0.z 0.3 0.4 0.5
Time (=)

4. With the graph active, select Analysis:Signal Processing:FFT Filters. This opens the fft_filters
dialog box.

5. Check the Auto Preview box to enable the Preview panel.

6. From the plot of frequency domain (the image below), we can see that this signal has
components at several different frequencies> Now we are going to get the component at

about 300Hz. So we will use the Band Pass method.
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7. Setthe Filter Type to be Band Pass.

When Band Pass is chosen, there will be two vertical red lines in the preview panel, marking the Lower
Cutoff Frequency and Upper Cutoff Frequency. You can similarly move these two lines and get the real

time preview of filtering results in the top parts of this panel.

8. Enter the values of the lower and upper cutoff frequencies according to the image below:

W FFT Filters: fft_filters |2 [
Dialog Theme | = ﬂ Preview
Description | Perform FFT Filtzring T2 = SR .-':L1:|::|Ir_ne -
Q Fitzmd
< IH JIJ.J IJIJ..IJJJH..I Ll |.l“|ﬂ|J
Recalculate b4 arwal - :
1 "R Y VI I e
ot o Rk
Input |[Graph'l 11 Amplitude"' T | b - E —— FFT AmplRude
Filter Type | Band Pazs -
Lower Cutoff Frequency 268 Auto
Upper Cutoff Frequency 333 Auto
Keep DT Offse 7 ) Freeny
Dutput |[<new>,<new>] i ™
o | Aabo Preview Presiew | ak. | | Caticel |

As long as only the desired amplitude peak stays within the cutoff frequency range, the error in filtering
could be considered as acceptable even though the values of upper and lower cutoff frequencies may

slightly differ for different cases.

9. Click OK to execute filtering.

10. We obtain the components at a frequency of around 300 Hz after filtering.
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4.3.4 Smoothing
4.3.4.1 Summary

Smoothing is a common technique for removing noise from signals. Origin provides multiple
smoothing methods, including Adjacent Averaging, Savitzky-Golay, Percentile Filter, and FFT Filter.
Additionally, there is a wavelet-based tool available.

For matrix data, Origin's smoothing is performed in two ways. If the number of columns or rows is
less than 32, it will expand the matrix first, then shrink it back to the original size. If greater than 31,
the matrix if first shrank, then expanded.

4.3.4.2 What You Will Learn

This tutorial will show you how to:

1. Smooth signals by several methods.
2. Smooth signals using wavelets.

3. Smooth a 3D surface.

4.3.4.3 Smoothing by Several Methods
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1. Start with an empty workbook.

2. Select menu item File: Import: Single ASCII... to import the data Signal with High
Frequency Noise.dat under the folder <Origin Installation Directory>\Samples\Signal

Processing\ (use default settings).

21 SignalwithHig - Signal with High ... [= |[B][X]
LS

Long Marme

LInits
Comments
Sparklines

1 -1.3483
1.01905 ) -0.27967
1.0381 0.85976
1.06716 1.9451
1.07621 2.80651
1.09526 315696
111431 2.949905
1.13337 263606
116242 221618
117147 1.81566

b
'\Siﬂlial Wﬁl].I'iiill_l-Fre{lliel.l;Ii'-hl_ﬂi | ! b ||_

3. Highlight column B in the worksheet. Then, the select menu item Analysis: Signal Processing:
Smooth... (if the tool has been used before, select Open Dialog) to open the Signal

Processing: smooth dialog box.

Adjacent-Averaging

The Adjacent-Averaging method performs a broad smoothing of data.

1. Choose Adjacent-Averaging for Method. Set the Points of Window to 100 and Boundary
Condition to Periodic. To preview the result in the right panel, check the Auto Preview

check box.
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M Signal Processing: smooth

Dialog Theme ﬁ Preview

Description  Perform smoathing to iregular and noisy data.

—8B
—— Smoothe
Recalculate b anual v
Input |[SignalwithH ig]"Signal with High Frequency Moise"[4.B) u
r__/_i;l-elhod Adjacent-fyeraging v ‘
Weighted Average [ |
P - =
I,-‘F‘olnls of Window 100 ]!gl
I'-\Boundal_v Condition | Periodic -
— —
Output [[<inputs < new]
-10 ; . T
[u] 20 a0

':‘ Auta Previevf:;: 0k Cancel ﬁ A

2. Click OK to generate the result.

Savitzky-Golay

The Savitzky-Golay method is good for preserving the shapes of signal peaks.

1. Select column B again. On the Analysis menu, click Signal Processing: Smooth:Open
Dialog....

2. Inthe smooth dialog box, set Method to Savizky-Golay. Set Points of Window to 100,

Boundary Condition to Periodic and Polynomial Order to 3.

M Signal Processing: smooth @
Dialog Theme ﬂ Previewn
Description  |Perfarm smoothing to iregular and noisy data. B
—— Smoothe
Recalculate M arual v 191
Input |[SignalwithH ig]"*Signal with High Frequency Moize"l[4.B] u
I.-ﬁ.elhod Savitzky-Golay w ..\-.,I @
Points of Window  [100 ]!gl 0
Boundary Condition | Periodic w
I'--Eol_\momial Order 3 - /
— -
Dutput |[<input>,<new>] q; u
-10 T T
u} 20 40
Auta Preview Ok Cancel ﬁ A

3. Click OK.

Percentile Filter

1. Select column B again. On the Analysis menu, click Signal Processing: Smooth:Open
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2. For Method, choose Percentile Filter. Set Points of Window to 100, Boundary Condition

to Periodic, and for Percentile accept the default value of 50.

M Signal Processing: smooth

Dialog Theme

Description  Perform smoathing to iregular and noisy data.

2

Recalculate I anual v

Input |[SignalwithH ig]"'Signal with High Frequency Maise"l[4,E) q; u
..«ﬁ.;alhod Percentile Filter v \
) 1
Points of Window  [100 ]@
"-.Boundaly Condition | Periodic L /]
\»\._ "
Percentile [ | (0 |
Output [[<input> < new>] 53 u

Auto Preview

[u]8 Cancel ﬁ

Preview

3. Click OK button.

FFT Filter

1. Select column B again. On the Analysis menu, click Signal Processing: Smooth:Open

2. Set Method to FFT Filter. Set Points of Window to 100.

M Signal Processing: smooth

Dialog Theme

Description  Perform smoathing to iregular and noisy data.

2

Recalculate Manual v

Input |[SignalwithHig]"SignaI with High Frequency Moise"l[4,B]

Method FFT Filter v
i

"-.\Poinls of Window [100
Cutoff Frequency 0.25244

Output [[<inputs < news]

Auto Preview

Preview

[u]8 Cancel ﬁ

3. Click OK to close the dialog box.

4. Note that in the worksheet, there are now four added columns containing the results of your

four smoothing operations. Highlight those four columns (C,D,E,F), then from the menu select

Plot: Line: Line to make a line graph with these four datasets.
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5. Comparing the results of the four methods, you can see that the Savitzky-Golay method did the
best job of preserving peaks in the data, while the FFT Filter method did the poorest job of
preserving peaks.

4.3.4.4 Smoothing by Wavelet

1. Start a new workbook.

2. Select menu item File: Import: Single ASCII... to import the data Signal with High
Frequency Noise.dat under the folder <Origin Installation Directory>\Samples\Signal

Processing\ (use the default settings).
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21 SignalwithHig - Signal with High ... [= |[B][X]
.S

Long Marme

LInits
Comments
Sparklines

1 -1.3483
1.01905 ) -0.27967
1.0381 0.85976
1.06716 1.9451
1.07621 2.80651
1.09526 A 15696
11143 2.949905
1.13337 263606
116242 221618
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3. Highlight column B, and from the menu select Analysis: Sighal Processing: Wavelet:

Smooth... to open the Smooth: wtsmooth dialog box.

4. Inthe dialog, set Wavelet Type to DB6, and Cutoff (%) to 98. Check Auto Preview to

preview the result in the right panel.

B | Smooth: wismeoth [‘@ ﬁl

Dialog Theme | « ﬂ Preview
Description  |Smaath zignal by cutting off detailed coefficients 12 — =&
Q —— WT Smeogih
—= T
Recalculate 2
Input |[Signalwithig]"SignaI with High Frequency Maoise"l[s B E] o
0
Wavelet Type DEE -
Extension Mode
Output [<hews <news) % apl 4
| . E] " a n 0
Cutoff (%) 38 = 4
|
(V] Auta Presview izl

5. Click OK to close the dialog box and generate your result.

6. To see the difference between the original signal and the smoothed signal, highlight all

columns in the worksheet and from the menu select Plot: Line: Line.
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4.3.4.5 Smoothing Matrix

Start with a new matrix book.

2. Select menu File: Import: Image to Matrix... to import the image scale.jpg under the folder
<Origin Installation Directory>\Samples\Image Processing and Analysis\ (if the implmage dialog
box opens, simply accept the defaults and click OK).

3. Origin is not able to apply to perform smoothing on an image so we must convert the image to
matrix data first. From the menu select Image: Conversion: Convert to Data.... Accept the

dialog box default settings and Click OK.

4, With the converted matrix activated, select menu View: Image Mode to view this matrix as

image.
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MBook1 :1/1
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5. To perform smoothing, select Analysis: Signal Processing: Smooth.... This opens the

Signal Processing: msmooth dialog box.

Dialog Theme ﬂ

Description | Srooth the matrix by expanding and shinking

Recalculate | Manual b
Input Matrix  [[MBook1MSheet1!1 ]
Output Matrix | <news =3 u

OF. H Cancel ]

6. Accept the default settings and click OK. To view the result, select View: Image Mode from

the menu.
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4.3.5 STFT (Short-Time Fourier Transform)
4.3.5.1 Summary

Short-Time Fourier Transform (STFT) is a time-frequency analysis technique suited to non-stationary
signals. Short-Time Fourier Transforms can provide information about changes in frequency over
time.

4.3.5.2 What You Will Learn

In this tutorial, you will learn how to:

1. Perform Short-Time Fourier Transform (STFT).
2. Change dialog settings to improve the time and frequency resolution.

3. Change window type to improve resolution.

4.3.5.3 Steps

1. Start with a new workbook, and import the data <Origin Installation

Directory>\Samples\Signal Processing\Chirp Signal.dat.
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AL BiY) it
Long Mame Tirme Amplitude
LInits (sec) (a.u)
Comments
Fixi=
Sparklines // J‘]M_
1 001 6.13538E-5
2 002 Z4544E-4
3 003 5458223E-4
4 004 98175E-4
5 0.04 000143
] 0.06 000221
7 007 0.00301
8 0.0s 0.00353
g 0.04 0.00457
10 0.1 0.00614
11 011 000742
12 01z 0.00es4
13 013 0.01037 [l
4 | » [\ Chirp Signal f || « m M
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2. Highlight column B, and select menu Analysis: Signal Processing: STFT... to open the STFT:

3.

stft dialog box.

In the dialog box, check Auto Preview at the bottom of the dialog so that you can preview

your results in the right panel. Uncheck the Auto check box next to Window length and

Overlap, then change Window length to 8, and Overlap to 7. Set Window Type to

Hanning and Option to Amplitude Result.
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4. Click OK to perform STFT with the chosen settings and obtain your results, including a matrix

book with data and a color fill contour plot.
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5. We can see from the above image that the time resolution is good, but the frequency is not
so apparent. Click on the lock on the graph, then choose Change Parameters...from the

menu. This reopens the STFT dialog box. Change the Window Type to Rectangle and click

OK.
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6. Now, we are better able to see resolution of both time and frequency. Please note that it is not
possible to optimize for both time and frequency; the best we can do is to find the balance
between them.

7. To view the result in 3D, activate the resulting matrix, then select menu Plot: 3D Surface: Color

Map Surface to create a 3D surface of the result.

8. Double click on the 3D graph to open the Plot Details dialog, and go to the
Colormap/Contours tab in the right panel. Click the Line... heading to open the Contour

Lines dialog and Hide All lines.
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B Plot Details - Plot Properties

| Surface | Fil

@Inrmap ! I:::unh:u@ Mezh I

Eror Bar | Side Wallg | Mumeric Fu:urmatsl

=] |

Click colurmn header ar cell ta edit

Line Properties

Calarmap Therme

Level.. Fill.. Line.. ) B
<0 L
1}

Egi Contour Lines @
0.0& i
n.0e & Show on Major

) Levelz Only i
o Cancel
Level Eratl () Eeep Current

nene @ Show Al
et © Hide Al
Delete

[] Link Line ta Colormap Colar
Inciude Levels and Colors
Apply ko All
Copy Save...
[ ] [ [ Color A . Doark Gray -
[CI5tle | — Sald
Rezcale Mode MHormal [width 05
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Apply

Go to the Mesh tab and clear the Enable check box.
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10. Click OK to finish the settings. To get a better view, rotate the graph.
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4.3.6 IIR Filter
4.3.6.1 Summary

In OriginPro, it is possible to design, analyze, and implement IR (Infinite Impulse Response) digital

filters. The IIR filter supports four methods, including Butterworth, Chebyshev Type |, Chebyshev

Type Il, and Elliptic.
This provides users more choices in signal processing.

Minimum Origin Version Required: 9.0 SRO

4.3.6.2 What You Will Learn

This tutorial will show you:

e How to design and apply an IIR filter
e A comparison between IIR filter and FFT filter

4.3.6.3 Steps
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Design and Apply IR Filter

1.

366

Start with a new worksheet and import the EMG Recording.dat file from \Samples\Signal

Processing\.

Highlight column B and Select Analysis:Signal Processing:lIR Filter from the top menu to open

the dialog.

Change the Response type as High Pass, keep the Method as Butterworth, uncheck the
Minimum for Filter Order and set it as 4. In the Frequency Specification branch, set the

Cutoff Frequency(Fc) as 20, then check the Forward-Backward Filtering. The dialog

settings should look like the following figure, and the IIR filter is designed.

B Signal Processing: dfilter

Dialog Theme

Dezcription | Create and apply an IR filker

o o o me
El ricyucericy Jpccinicaliun

It Hz W

S ample Frequency [Fz] 2000

Cutaff Frequency [Fi) 20
aticnuation—atthe-eutel-freguenay-istHned-at-3-dB

Forward-Backward Filtering
E Output Results

Recalculate bd arwaal W

Input Signal [EMGRecording] EMBG Rrecording 18 Time' B
Responsze Type High Paz= w

Method Buttenworth W

Filter Order 4 [ ] Minimum

S05 Matrix |[<in|:|ut>]< Nt
[ ]Zeros Poles and Gain
[]5tate-Space Form

[] Coefficients

Output Signal |[<irnputs <mews)

v

[ ] &uto Preview [ Fresiewm H

Ok

][ Cancel ]




Data Analysis

4. Click OK to apply the created IIR filter to the input dataset.
5. A new column will be added to the original data as a new column of filtered data and a new SOS

Matrix worksheet.

Compare Results with FFT Filter

1. Highlight column B in the original worksheet, perform FFT filter by Analysis:Signal
Processing:FFT Filters.

2. Inthe opened dialog, choose High Pass for Filter Type and set 20 as Cutoff Frequency.

B Signal Processing: fft_filters

Dialog Theme H

Description  |Perform FFT Filkering

Recalculate b aral W
Input |1I3Fiec1:url:|ing]"EMl3 Fecordingl[a" Time" B astus Lateraliz"]
Filter Type High Paz= W

Cutoff Frequency’, |20
Keep DC Offzet

Output |[<ries < news) % u

[ ] &t Preview [ Fresigwm H ] ][ Cancel ]

3. Click OK button. Column C in the EMGRecording worksheet is the filtered result of the previously

designed IIR filter, highlight column B and column C to generate a line plot with the i button
(Graph 1).

Use the scale in button ] to zoom the area between 12.5s and 13.3s.
Column E in the EMGRecording worksheet is the filtered result of the FFT filter, highlight column

B and column E to generate a line plot with the 4 button (Graph 2).

6. Also use the scale in button ] to zoom the area between 12.5s and 13.3s, the two graphs

could be used for visualized comparison.

367



Tutorials for Origin

I=l Graphi |T| |El rb_<|

17 kr'h ruaning
—— Filter Result of "Jestus Laterzlic” by High =255 Sutiens~yarth

A4
AL 4
= 1 No Ripples
E PP
x |
o
g L
3 . o
@ -10C
= |
(]
=200 4
-ﬁnr-l \
s
T T T T T
126 126 127 23 129 130 34 132 133
Time {51

—— 14 kmn'h ruaning
2001z lick 2ass Htf lter of "VYastus Lateralis"

Many Ripples

Viastus | aaralis )
|
#
=
>
%

368



Data Analysis

e Note that there are many ripples in the FFT filter result, but almost no ripples in the IIR filter

result.
Ripples in FFT Filter

1. Highlight column E and click on the 7 button to create a line plot (Graph 3).
2. Activate Graph 3, choose Gadget:FFT and set the X Scale as From 12.664 To 13.052.

3. Click OK to bring up the preview window, in which ripples are almost pure 20.125 Hz sine.

=l FFTPREVIEW Mi=1E3

[TrmpBkFFTISheet1[3] FW
10 4 ¥ 20125, ¥ oy Scak
J i 29 466,
o i
=
E 1—_
= 3
= ]
< ]
01 3
nm_;
1] 500 ' ' ' ' 1000
Frequency

4. Now we would try to remove the ripples at 20.125 Hz by applying another high pass filter at 25
Hz, keep highlighting column E and select Analysis:Signal Processing:FFT Filters.
5. Select High Pass for Filter Type and set Cutoff Frequency as 25.

6. The resultis listed in Column G, highlight column G and click on the / button to create a line
plot(Graph 4).

7. Activate Graph 4, choose Gadget:FFT and set the X Scale as From 12.664 To 13.052, in the
preview window, there are still ripples, and they are shifted from 20.125 Hz to 25.157 Hz.
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= FFTPREVIEW
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¢ Note that the ripples could not be removed by FFT filter for this dataset.

4.3.7 2D FFT and Filter
4.3.7.1 Summary

2D FFT (2-dimensional Fast Fourier Transform) can be used to analyze the frequency spectrum of
2D signal (matrix) data. Conversely, 2D IFFT (2-dimension Inverse Fast Fourier Transform) is able to
reconstruct a 2D signal from a 2D frequency spectrum. OriginPro provides both for conversion
between time and frequency domains in 2 dimensions, together with the 2D FFT filter to perform
filtering on a 2D signal.

4.3.7.2 What You Will Learn

This tutorial will show you how to:

1. Convertimage into data.

2. Perform 2D FFT on matrix data with DC shift to center.

3. Perform 2D IFFT on the 2D FFT result to recover the original matrix data.
4. Perform 2D FFT filter on matrix data.

4.3.7.3 Steps

2D FFT

1. Start with a new matrix book, and select menu item File: Import: Image to Matrix... to import
the image <Origin Installation Directory>\Samples\image Processing and

Analysis\cell.jpg.

370



Data Analysis

2. Because Origin is not able to perform analyses on image data directly, we need to convert
the image to matrix data first. So, select menu item Image: Conversion: Convert to Data to

bring up the Convert to Data: img2m dialog box. Set Type to byte(1).

Convert to Data: img2m

Dialog Theme | = |ﬂ

Description | Corvert a grayscale image ko a numeric data matrix

Recalculate b arwal -

Input Image |[|:EII]|:EII!'I

Output M atnx |<new>

Type bpte(1] -

3. Click OK to finish the conversion. The result shows below. You can choose menu item View:

Data Mode and View: Image Mode to convert between data mode and image mode.
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i MBook1 :1/1 = |[B][X] & MBook1 :1/1

[« J\MSheet1

4. With the converted result matrix active, select the menu item Analysis: Signal Processing:
FFT: 2D FFT... to open the 2D FFT: fft2 dialog box. Check the DC Shift Center check box to
shift the direct current to center. In the Output node, only check Complex Matrix and Log

Amplitude Matrix.
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o
20 FFT: fft2

Dialog Theme | =

Drezcription |T wio-dimenzional fast Fourier transform

[ Imaginary b atris

Mormalize Amplitude M atrix

Recalculate
B Input
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B Output
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Ok

] [ Cancel

Data Analysis

Click the OK button to generate the FFT results. Both the complex matrix and the log

amplitude matrix are in the same matrix book. Change to image mode (View:Image Mode)

for the log amplitude matrix. The results should look like this:

2

16

16

e I By i R i 271 7
||I|ﬂfFF72_Complex1_:éFFTz_LogAmplitudm Al

330.923908 - 188.13513i
-228.08425 + 391.342095]
-192.46144 - 62727910
-345.63072 + 243 665911
-98.82365 - 124 726680
ATB.EISZ + 18.162860
81.27655 + 180.60389i
16.60348 + 230.65871i
S5.61661 + 339.02342
-1B3.8725 + 167122
A7.65295 + 67 477070
-57.38227 - 270.191030
394 58695 - 7. 78284]
-38.81555- 13916511
-287.55986 - 331.94323)
-384.63701 + 83.50184i

-524 77368 + 30412164

2856278 + 129662510
323.8H633 + 8404104
-69.11802 + 227.4395i

-104.07526 + 79.988i
34973205 - 224 647249
B3.0379 + 246.76508i
-41.26379 + 461.082170 -
205.23611 + 124 82157i
-47.09492 + 110.5524] -
-322.77192 - 174.0126i
-158.65537 - 136.71867i
-248.28479- 43 466580 -
280.7497 - 384719140
101.92848 - 32.86216i

-1.22878- 402 50628
FRORI

FET2result1 - FFT2_result1 :1/1 Log Amplitude |

FFT2_CDmpIex1 FFTZ_L ogAmplitude 1

373



Tutorials for Origin

2D IFFT

1. Start with the complex matrix (FFT2_Complex1) generated in the 2D FFT section above. Make it
the active window.

2. Select the menu item Analysis: Signal Processing: FFT: 2D IFFT... to bring up the 2DIFFT:
ifft2 dialog box.

3. Inthe dialog box, the imaginary matrix is not needed because the Input Matrix is a complex
matrix. Check Undo Shift because DC has been shifted. Output should have the Real

Matrix and Imaginary Matrix boxes checked.

i '
2D IFFT: ifft2 2 |
Dialog Theme | = ﬂ

Description  [lnverse two-dimensional discrete Fourier transfarm

Recalculate GEIE] -

E Input
Input Matiis [IFFT 2result FFT2_Complex 111 ]
[ Imaginary b atriz
(undo shi D
\ Undo Shift
El Output

[ Comples b atrix

Real Matrix |[< sarmes < rews|

Irmaginary i atrix |[<: zamer )< nem %

[] Amplitude b atix

[7] Phase Matrix

] ] [ Canzel

4. Click the OK button, and the result will be output to the same matrix book as the input

complex matrix.
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FET2result1 - FFET2_result1 :1f1 Real
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Data Analysis

From the comparison shown below, the IFFT has recovered the original signal.
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Original data

2D FFT Filter

1.

Real part of IFFT result

Imaginary part of IFFT result

Start with an empty matrix book and from the menu select File: Import: Image to Matrix... to

import the image <Origin Installation Directory>\Samples\Iimage Processing and

Analysis\myocytel.tif.
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i myocyte1 - myocytel.tif :1/1 my...

myacyte]. tif

» [\myocyte1

2. With the imported image active. select the menu item Image: Conversion: Convert to Data.
This opens the Convert to Data: img2m dialog box. Set Type to byte(1) and click OK to

finish the conversion.

Dialog Theme | =

Description  |Corvert a grayscale image ko a numernic data matris

Recalculate b arwaal -

Input Image |[m_l,u:u:_l,lte1 Jryocyte11

Output M atnx |<new>

G )
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3. Activate the converted matrix and select the menu item Analysis: Signal Processing: 2D FFT
Filters.... This opens the 2D FFT Filters: fft_filter2 dialog box.

4.

5.

In the dialog box, check the Auto Preview check box at the bottom to view the result in the

right panel. Set Filter Type to Band Pass, and set Lower Cutoff Value and Upper Cutoff

Value to 0.05 and 0.25 respectively. For other controls, keep the default values.

B ' 2D FFT Filters: fft_filter2

(B |

Dialog Theme | =

Description | Perfarm 200 FFT filkering

2

Preview

Specify Cutoff By | Fraction

Recalculate | M atual A |

Input Matrix |[MEook2]MSheet1!1
@tel Type IBand Pazz vD

Window Type | Butterwarth - |

Order 1

h |

BIJ

/Gwer Cutoff Value 0.05
Lower Cutoff in Pixels: 36.2039

Upper Cutoff ¥alue 0.25

Upper Cutoff in Pixels: T81.079

Dutput M atrix |<new>

-
1

Lt =) et

(J .&utoF‘review) 'F'.l;iew | Cancel | |E|

Click OK to obtain the filtered result. As the image below shows, the background noise (the

light) is removed.
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4.3.8 Convolution

4.3.8.1 Summary

Convolution is commonly used in signal processing. Origin uses the convolution theorem, which
involves the Fourier transform, to calculate the convolution.

4.3.8.2 What You Will Learn

With this tutorial, you will learn how to perform convolution in Origin.

4.3.8.3 Steps

1. Start with a new workbook.

2. Import the data <Origin Installation Directory>\Samples\Signal

Processing\Convolution.dat.
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BTuTT]

22 Convolution - Convolution. dat

A BiY) G
Long Mame| Channel Signal Response
LInits
Comments
Sparklines / /"\'.- _A_
1 03434 TE-4
2 0.5552 00014
3 1.0563 0.0031
4 0979z 0.006
5 1.3847 00111
6 1.5228 0.0149a
7 1.7604 0.0341
8 1.9665 0.0561
g 21248 0.0z84
10 25617 0.1353 -
' Convolution f || < S

Highlight column B and C, and from the menu select Analysis: Signal Processing:
Convolution.... This opens the Convolution: conv dialog box. In the dialog, column B is labelled
as Signal, and column C as Response and the Sample Interval will be set according to the input

signal's associated X column.

4, Expand the Options node and change Convolution Type to Circular, to repeat the data

within range for the data outside range, but not pad with zeroes.
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Dialog Theme
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5. Click OK to obtain the result.

6. Inthe worksheet, highlight column B and E (press CTRL to select non-adjacent columns),
then from the menu select Plot: Line: Line to make a graph with input signal and the output

signal.
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4.3.9 Wavelet
4.3.9.1 Summary

Wavelet transforms are useful for analyzing signals which exhibit sudden changes of phase and
frequency, local maxima and minima, or related parameters. Wavelet transforms have become a
popular tool in time-frequency analysis, especially for analysis of non-stationary signals. OriginPro
provides wavelet transform tools for both continuous and discrete transforms.

4.3.9.2 What You Will Learn

This tutorial will show you how to:

1. Perform one-level discrete wavelet decomposition and reconstruct a signal from approximation
coefficients and detail coefficients.

Apply multi-level discrete wavelet decomposition.

Perform continuous wavelet transform.

Remove noise from signals by using wavelet transform.

Perform 2D wavelet decomposition and reconstruction on matrix data.

Convert an image to matrix data.

N o g~ w DN

Merge graph windows into one graph.

4.3.9.3 1D Wavelet Transform
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Decomposition

1. Start with a new workbook, and select menu File: Import: Single ASCII... to import the data

<Origin Installation Directory>\Samples\Signal Processing\Chirp Signal.dat into the

worksheet.
] ChirpSignal - Chirp Signal...| = || & |[s23]
ALK) B(Y) i
Long Mame Time Amplitude
Units (sec) (a.u.)
Comments
Fix)=

Sparklines T Jvm_
.u-#'“’f

0.01 ) 6.1359E-5
0.02 24544E-4
0.03 55223E-4
0.04  98175E-4
0.05 0.00153
0.06 000221
0.0v 0.00301
0.08 0.00383

D hcnimpsiona 2o 117 |

[0 S ] = ] I Y )

2. Highlight column B, and select menu item Analysis: Signal Processing: Wavelet:

Decompose... to open the Decompose: dwt dialog.

3. Inthe dialog, choose DB6 for Wavelet Type & Order, and Zero-padded for Extension
Mode.
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[ Decompose: dwt @
Dialog Theme | = ﬂ

Descrption 10 dizcrete wavelet transform

Recalculate G EE] -
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D etail Coefficient |<newe- B E

Ok ] I Cancel I

Click OK to close the dialog box and output the approximation coefficients and the detail
coefficients.

Highlight columns B, C, and D (columns C and D should contain your approximation coefficients
and your detail coefficients, respectively). From the menu, select Plot: Multi-panel: Stack... to

open the Stack: plotstack dialog box.

6. In this dialog, clear the Link Layers check box in the Options node. Check the Auto

Preview check box at the bottom to see the preview graph in the right panel.
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7. Click OK to close the dialog box and create a stack graph.
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Note: To perform level 2 (3, 4, etc.) discrete wavelet decomposition, repeat steps 2 to 4 on the
approximation coefficients (column C, in our example). Multi-scale wavelet decomposition (available
in OriginPro) is demonstrated below.

Reconstruction

Reconstruction is the inverse operation of decomposition and this example will recover the signal
from the result generated above.

1. Highlight columns C and D (your approximation coefficients and detail coefficients, from above).
2. Choose menu item Analysis: Signal Processing: Wavelet: Reconstruction... to bring up the

Reconstruction: idwt dialog box.

3. To reconstruct the signal, we need to specify the same Wavelet Type, and Boundary, so set

them to DB6 and Zero-padded, respectively.
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4. Click OK and the recovered signal is output to column E of the worksheet.

5. Press CTRL and select columns B and E. From the menu, choose Plot: Line: Line to make

a graph with these two columns of data.
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6. We can see from the resulting graph that the original signal and the recovered signal overlay

each other.

Multi-Scale Wavelet Decomposition

1. Start with a new workbook, and then import the same data used in the Decomposition section

above.
2. Highlight column B and select menu item Analysis: Signal Processing: Wavelet: Multi-Scale
DWT... to open the Multi-Scale DWT: mdwt dialog box.

3. Inthe dialog, change Extension Mode to Zero-padded, and Decomposition Level to 3.
Click the arrow button beside Multiple Coeff Data and select [<input>]<input> from the

menu.

Multi-Scale DWT: mdwt L2 [

Dialog Theme | = ﬂ

Description  Multlevel 1-D wavelet decormposition

Recalculate
Input [ChirpSignal] Chirp Sigral”B" Amplinde” (3 | » |

Wwavelet Type Haar -

/ Extension Mode Zeropadded  ~| )
Decomposition Level
Multiple Coeff Data  [[<inputsJ<input> %[
N /
| ok || Cancel |

4. Click OK to obtain 3rd level discrete wavelet decomposition results. The coefficients are stored in

the same worksheet as the input signal.

5. Select all columns in the worksheet, then choose menu Plot: Multi-panel: Stack... to open
the Stack: plotstack dialog box. Click the arrow button to the right of Dialog Theme and
select System Default. Check the Auto Preview check box at the bottom of the dialog box

to preview the graph.
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6. Click OK. The resulting graph is shown below.
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Continuous Wavelet Transform
1. Start with a new workbook with two empty columns (columns A and B) in a single worksheet.

2. Select column A and then right-click and choose Set Column Values... from the shortcut
menu. This opens the Set Values dialog box. In the text box, enter data(0, 1, 1/1023) and
click Apply. This fills column A with data.
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Bl Set Values - [Book1]5heet1!Col{A)
Formula  weolf1)  Colfa)  Fix)  Variables

Raw [0 Fram |<autn:|> | Tao |<autn:|> |

ke] [« ColfA] =

datai0. 1. 171023

Recalculate ﬁ [,&.ppl_l,l] [Eancel] [ (] l ﬂ

3. Click the >> button to select column B. Enter sin(1.5/(0.25-col(A)))+cos(0.2/(0.2-col(A))) and
click OK.

B Set Values - [Book1]Sheet1!Col(B) C o]
Formula  weol(1)  Calld)  Fix)  Wariables

Faow [ From |<aut|:|> | To |<aut|:|> |

>3] [331] CollB) =

sin(l . 5<(0.25—col(A)))+co=s(0 . 200 2—1:01{&}_} }::

Recalculate ﬁ [.-'.‘-.ppl_l,l] [Eancel] [ 0K l ﬂ

4. We can make a plot to see how the data looks. With column B selected, choose Plot: Line:

Line from the menu.
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&= Graph4
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5. With the worksheet active, add a new column to the worksheet by selecting Column: Add

New Columns... from the menu. In the dialog box, accept the default value of 1 and click OK.

Add New Columns

How many columns do you want to

add to the worksheet? S

Cancel

II

6. Column C is added to the worksheet. Select it, right-click and choose Set Column Values

from the shortcut menu. In the text box, enter data(1, 512) and click OK.
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Bl Set Values - [Book1]5heet1!Col{C)
Formula  weolf1)  Colfa)  Fix)  Variables

Raw [0 Fram |<autn:|> | Tao |<autn:|> |

CollC) =

datai{l. 512}

Recalculate ﬁ [,&.ppl_l,l] [Eancel] [ (] l ﬂ

7. Select both columns B and C, then from the menu, select Analysis: Signal Processing:

Wavelet: Continuous Wavelet... to open Continuous Wavelet: cwt dialog box.

8. Inthe dialog, set Wavelet Type to MexHat, and check Coefficient Matrix.

[ Continuous Wavelet: owt @
Dialog Theme | = ﬂ

Descrption  [Computes the real, one-dimenzional, continuous wavelet tansform

coefficients
Recalculate
Discrete Signal ([Baok1]Sheet1 1B ]
Scale [Back1]Sheet1IC %[

Uze Pzeudo-Frequency | |

Coefficient |[<input>]< new:11 E]
Coefficient Matrix |<new> % E]
Create Image Flot

[ Ok ] [ Cancel ]

9. Click OK button to exit dialog.
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10. The coefficients are output to a new worksheet and a matrix and a contour plot is added.

Data Analysis

Double-click on the plot to open the Plot Details dialog box. Select the Colormap tab and

click on the Fill... heading. The Fill dialog box opens with color contols. Click Load Palette,

and choose Pumpkin Patch from the Select Palette menu. Click OK to return to the Plot

Details dialog box.

"3 Plot Detais - Plot Properties

Plot Type:

11. Click OK to change the color of the contour plot. It should now look like the graph below.
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= Graph5

Noise Removal by Wavelet Transform

1. Start with a new workbook and from the menu, select File: Import: Single ASCII.... Import
the file <Origin Installation Directory>\Samples\Signhal Processing\Signal with Shot

Noise.dat .
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BTuTT]

21 SignalwithSho - Signal with Shot Noise. dat [= |[B)[X]

A B(v)
Long Marne|  Time Arnplitude |
LInits (ser) (2.0
Comments
Sparklines /_,/’“ M
0.0 1.011
0.011 1.035
0.012 1.089
0.013 1.082
0.014 1.106
0.01% 1.13
0.016 1.154
0017 1178
0.013 1.204
0.019 1.23 1]
% Signal with Shot Noise / |« E

2. We can see from the Sparklines in the image above that there is shot noise in the signal.
Highlight column B and select menu Analysis: Signal Processing: Wavelet: Denoise... to bring

up the Denoise: wtdenoise dialog box.

3. Check Auto Preview to preview your result. Set Wavelet Type to DB9, Extension Mode to

Zero-padded, Threshold Type to sqtwolog, and Thresholding Level to 7.

1| Dengise: widenoise
Dialug Theme = ﬂ Preview .
Description  Remove noise using wavelst transform 12 ' e
Y
Recalculate Manual - %
= N
E Input [nawithSha["Signal with Shot Noise"1[4" Time'" 5" Eu — .
Wavelet Type IDBEI vl . -
E stension Mode Zeto-padded - aa -_:ua
& Output [[<news <news) 1”L
Threshold Type sgtwolog -
Thiesholding Level |7 -
T[]

4. Click OK to remove the shot noise from the signal. Results are output to worksheet columns
CandD.
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BTuTT]

21 SignalwithSho - Signal with Shot Noise. dat M=E3

A1) BOYY |/ C 'y A
Long Mame Time Amplitude Denoised X Denoised Y

LInits (sec) (a.ul
Comments

T level(s)
sohivolog
threshold
DB4
denoise of
"Amplitude”

laty

0.01 1.011 | 001 0.82603

0.011 1035 0011 086289

0.012 1059 0012 090025

0.013 1082 0013 093808

0.014 1106 0014 097636

0.015 113 0ms 101507

0.016 1154 0016 1.05418

0.017 1478 0017 1.09366
0.018 1204/ 0018 113347 3
11 nnig 172731 ™ o019 147388 =
" Signal with Shot Noise / < T =

5. Highlight all columns in the worksheet, then choose menu item Plot: Line: Line to make a
graph with the original signal and the cleaned-up signal. We see from the graph below that

the shot noise has been removed.
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4.3.9.4 2D Wavelet Transform

2D Wavelet Decomposition

1. Start with a new matrix book. From the menu, choose File: Import: Image to Matrix... and
import the image, <Origin Installation Directory>\Samples\Image Processing and

Analysis\Car.bmp.
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[
[T

it Car - Car.bmp :1/1 Car.bmp

[« &

2. To begin, we need to convert the image into data. To do this, select menu item Image:

Conversion: Convert to Data. The Convert to Data: img2m opens. Set Type to byte(1).

r ™y
Convert to Data: irrig_ @g
Dialog Theme | = ﬂ

Description  |Corvert a grayscale image ko a numernic data matris

Recalculate b arwaal -

Input Image |[Ear]Ear!'I

Output M atnx |<new>

CET D

[ Ok, J[ Cancel

3. Click OK to obtain the converted matrix data.

4. With the converted matrix active, select menu Analysis: Signal Processing: Wavelet: 2D

Decompose... and open the 2D Decompose: dwt2 dialog box.
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i ™y
Dialog Theme ﬂ

Cescription  |Decompose matris data with wavelet ansform

Recalculate b arwaal -

Input M atrix |[I'-1E!nu::k2]h-15heet1 1

Approx Coefficients |[< nEw < new |

Detail Coefficients [Horizontal] |[< zames J< news|

Detail Coefficients [Wertical] |[< TameEr < news|

Detail Coefhicients [Diagonal] |[< zames J< news|

[ Ok J [ Cancel ]

Accept the default settings and click OK. This performs 2D wavelet decomposition on the
matrix data. A matrix book with four matrix sheets (CA, CH, CV, and CD) is generated. CA,
CH, CV, and CD contain approximation coefficients, horizontal detail coefficients, vertical
detail coefficients, and diagonal detail coefficients respectively. You can change the view

mode to image mode by choosing View: Image Mode from the menu.
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6. With the CA matrix sheet active, make an image plot by selecting Plot: Image Plot from the
menu. Repeat for CH, CV, and CD matrix sheets.

7. Double click on graph of them to open the Plot Details dialog, in the left panel, activate Layer1,
and then go to the Size/Speed tab in the right panel, and uncheck Matrix data, maximum
points per dimension. Click OK. select the axes related objects (including axis, label) in the

graph and press the DELETE key to delete them.

4.3.10 Coherence and Correlation

4.3.10.1 Summary

Coherence measures the degree of linear dependency of two signals by testing for similar frequency
components. If two signals correspond to each other perfectly at a given frequency, the magnitude of
coherence is 1. If they are totally unrelated coherence will be 0.

Correlation is another measure of the relationship between two signals. A correlation coefficient is
used to evaluate similarity. If two signals have a high degree of similarity, the magnitude of the
computed correlation coefficient is large. If there is little or no linear relationship between two signals,
the magnitude of the coefficient is small.

4.3.10.2 What You Will Learn

This tutorial will show you how to:

1. Test coherence and find out the frequency where two signals are in the highest degree of linear
dependency.

2. Perform correlation and find the lag to translate a dataset.

4.3.10.3 Coherence

1. Start with a new workbook.

2. Select the menu item File: Import: Single ASCII... to import the data <Origin Installation

Directory>\Samples\Signal Processing\Coherence.dat.
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BTuTT]

i22 Coherence - Coherence. dat

Long Mame

LInits
Comments
Sparklines

W -

0.56744 2.2442
-1.6656 ) -0.07022
-0.87467  -0.94879
0.28768 05764
-0.14647 1.5338
11809 -1.306
018916 -2.455
-0.03763 0.26534
1.32713 0.04077
017464 -1.323 b

% Coherence f || < S

Select column A, then right-click and select Set As: Y from the shortcut menu. This sets the plot
designation for column Ato VY.
Highlight the two columns and from the menu select Analysis: Signal Processing:

Coherence.... This opens the Coherence: cohere dialog box.

5. Change the Window Type to Welch, and click OK.
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-
Coherence: cohere _ @g
Dialog Theme | = ﬂ

Description | Perform coherence

-

Recalculate b aral -

Inputl |[Euherence]EDherencel.ﬁ. E]
Input2 Coherence]Coherencel B ke

| p [ ] = E]
Sampling Interval 1 Suta

FFT Length 206 -

Window Length 256 Suta
Overlap 128 Suta

Output |[< FEA < e | E]

[ OF. ][ Cancel ]

6. Two columns of data are added to the worksheet. Highlight these two new columns and from

the menu select Plot: Line: Line to plot coherence against frequency.

Graphl BB [HCH F>3

1
—— coherence of A, B
1.0
Drata Info - [Cohere.., X
o5 4 ICoherencelCohere
- * 025
2 08y 0.98035
i
(=]
© g4
0.2 4 P
0.0
0.0 01 02 03 0.4 0
Frequency
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7. Select the Data Reader on the Tools toolbar to read the strongest peak in the graph. The image
above shows that at a frequency of 0.25 there is a strong peak, indicating a strong

correspondence between the two signals at this frequency.

4.3.104 1D Correlation

1. Start with a new workbook.

2. Select menu File: Import: Single ASCIL... and import the file <Origin Installation

Directory>\Samples\Signal Processing\Correlation.dat.

i Correlation - Correlation. dat [Z][EIEI
-

Long Kame

LInits
Comments
Sparklines

S AN

-0.02861 o
n.a00av 1
0145188 0.8
-0.02864 0.6
-0.09683 0.4
-0.017149 0.2
0.0655 o
-0.11455 o
-0.00732 o
0.13931 o b

% Correlation f || < S

3. Select column A. Right click on it to open the shortcut menu, then choose item Set As: Y to set

this column's plot designation to Y.

4. Highlight the two columns and from the menu select Analysis: Signal Processing:

Correlation.... This opens the Correlation:corrl dialog box. Accept the default settings.
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i '
Correlation: corrl _ &u
Dialog Theme | = ﬂ

Drezcription |Enmpute 10 correlation of bwo zighals

Recalculate bd anual -

Inputl |[En:nrreIatin:nn]En:-rreIatin:nn!.i'-. E]
Input? |[Eu:urreIatiu:un]I:u:urreIatiu:un!B % E]
Sampling Interval 1 At

Options

Mormalize [

Output |[< FEA < e | E]

I ] 4 | [ Cancel ]

5. Click OK to perform a correlation on the two signals.

6. The correlation result and a time lag column are output to the worksheet. Highlight column D,

and from the menu select Plot: Line: Line to plot the result.

Graphl [= [=@][=]

1
—— correlation of A B
252
204 Data Info - [Correlation... X
i [Correlation]Correlatio. ..
> X 49
e B 23255
0.5+
-0.5
00 -0 -80 -4 -20 0 20 4 €0 8 100
Time
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7. The Data Reader in the image above shows that at Time = 49, there is a strong positive peak,
which means that the second dataset needs to be translated forward 49 units to align these two

signals.

8. Return to the worksheet, highlight column A and B, then from the menu select Plot: Multi-

Panel: Vertical 2 Panel to plot the two signals to two separate graph layers.

= Graph3 El [E| [g|

1Z - Tirme
10 ]
08
05 3
04
nz
0o
-0z
04 T T T T T T T T

9. Double click on the top plot to open the Plot Details dialog box. In the left panel, select Layer
2 (take care not to clear the check box). Go to the Link Axes Scales tab in the right panel

and click the Straight (1 to 1) radio button in the X Axis Link group.
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I Plot Details - Layer Properties

= [ Graph3
Layerl
\ Layer2_-ﬂ_j

Background | Size/Speed DisplaylEE__i_nk-"-\HES Scales)| Stack

Link. &xez in Child Layer to Parent

¥ Az Link ' Asis Link
) None (#) None

k__é_} Straight [1 to 1_]‘_, () Straight (1 to 1]
(_:} Cuztom ) () Custom

SPSRSRUROROR P 5 . IR
Y Y P (" P

[ ak l ’Eancel] [ Apply ]

10. Click OK and both X axes now have the same scale.

&= Graph3
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11. To make the datasets movable, delete the lock by clicking on it and choosing Recalculate Mode:
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12. Select the top plot, then select menu Analysis: Data Manipulation: Horizontal Translate to

add a vertical line to the layer, together with a triangle button. Click on the triangle button to

open a menu and uncheck Keep Tool after Translation. Open the menu again, select

Translate Duplication in: New Columns from the menu. Another two columns will be added

and the source data of current curve will be copied to these two new columns.

i

% Correlation - Correlation.dat * E'@
ALY) B(Y) ) DY) E{2) FiY2) i
Long Mame Time Corr Y1 E
Units
Comments correlation | source: source:
of A, B |Caorrelation Correlation
Fix)=
Sparklines IL lr\
1| -0.02861 ] -80 | FHHE -20 ]
2 0.10087 1 -T8 | HHE -74 1
3 0.15188 0.a -T8 | HaH -7a 0.s
4| -0.02864 0.6 -TT | HEAH -7 0.6
5| -0.09683 0.4 -TE | #HH -7 0.4
6| -0.01719 0.2 -T5 | HEH -75 0.z
T 0.0655 ] -Td | HEAHE -7d ]
8| -0.11455 ] -T3 | HEAHH -73 ]
9| -0.00732 ] -T2 | HEAH -T2 ]
10 0.13931 1] -7 | FHEEHE -7 ]
11| -017216 1] -T0 | FHEE -70 ]
12 01294 1] -G8 | FEEHE -64 1
| | » ]\ correlation / 7 0 b

-

13. Again, open the menu and click Shift Curve... to bring up the Shift Curve dialog box. Set

Value to 49.

407



Tutorials for Origin

Graph2 * EI@
2 )
—I 10 on_B
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LER
05 ] Translate Mode 4
[V
0.4 Translate Duplication in 4 g ™)
¢ &7 Shift Curve |9 |
024 Move Anchor...
0.0 i Show Target Line Shiit the curve such that Anchar line will be
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Shift Curve to Target Line
e
10 Shift Curve. . | @ Shiftt Curve by ) Shift Curve to
og] -_'"""--..__ e
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04 . —
0 Remove o
Help ak. ] [ Catcel
N A

14. Click OK to translate the plot. This should align the two signals.
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4.3.11 Decimation and Signal Envelope

43.11.1 Summary

Decimation is used to reduce the size of the signal sequence by merging every N samples into one.

Envelope detection adds an envelope curve to the input signal. Origin's signal envelope tool
computes an envelope and plots an upper envelope, a lower envelope, or both.
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43.11.2 What You Will Learn

This tutorial will show you how to:

1. Decimate a signal to reduce the size of the input signal sequence.
2. Perform envelope detection to add the envelope curve.

4.3.11.3 Decimation

In this tutorial, we are going to perform decimation on sunspot count data. Measurements of sunspot
number were collected every month for more than 200 years. We will use decimation to reduce our
dataset to one sunspot count for each year.

1. Start with a new workbook, and import the data <Origin Installation

Directory>\Samples\Signhal Processing\Sunspot.dat.

i Sunspot - Sunspot. dat

B
hanth

Civ)

Sunspot Mumber

I i

Long Mame

LInits
Comments
Sparklines

17449 1 a8
17449 2 626
17449 3 70
17449 4 557
17449 ] 85
17449 ] 83.5
17449 7 948
1744 g 6.3
1744 4 7548
1744 10 a5 b

IE o[

2. Select column A. Right click on the column and choose Set As: Y to set this column's plot
designation to Y. This will ensure that sunspot number is not associated with column A as X. That
is because decimation needs the X column data to be strictly monotonic.

3. Select column C and from the menu choose Analysis: Signal Processing: Decimation.... This

opens the Decimation: decimate dialog box.

4. Inthe dialog, set Resample Factor to 12. Set the Filter Type to Moving Average Filter. To

preview the result in the right panel, check the Auto Preview check box.
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410

-
B | Decimation: decimate

2 [ |

Dialog Theme | = ﬂ
Description  |Decrease sampling rate of a signal
Recalculate
Input |[5unspot]Sunspot![,E"Sunspot MNumber'"] E
@_sample Factor 12
New Size 256
@er Type ’Moving Average Filker -
Plot FFT for Preview [ |
Output |[<new>,<new>] ’
- .’ y
- o
-
-
- - '
-
-
Auto Preview Presview ak. l [ Cancel l

Preview

30
T2 —— Sunspot Ny
Q —— Dedimate]
i
Q\ 200
-]
2100
[=
=1
w
i
-t wFg 1000 2000 3000
- Row Mumbers.
.

Click OK to output results.

In the worksheet, select column D (the X column generated from the result), then right-click and

choose Insert from the shortcut menu to insert a new column. Right click again and choose Set

As: Y to change the column's plot designation as Y.

Highlight the newly inserted column and right click on it and choose Set As: X from the

context menu to change this column's plot designation to X. Right-click on the column again

and choose Set Column Values... to bring up the Set Values dialog box and enter

data(1749. 1749 + 255) into the text box and and

click OK.

Il Set Values - [Sunspot]Sunspot!Col{F1)
Formula  weol(1)  Calld)  Fix)  Wariables

Faow [ From |<aut|:|> | To |<aut|:|> |

CallF1) =

FEX

data{1749, 1749+255)

Recalzulate ﬁ [.-“-‘-.pply] [Eancel] [

o] ¥
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8. Select column A, then right-click to choose Set As: X from the shortcut menu, to set the

column's plot designation back to X. The final worksheet will look similar to the one below.

222 Sunspot - Sunspot. dat EI[E|E|

I” AT \"-. B Crrty I,.f’Fm{z} Dy Epry @) A
Long Marme Year | Maonth sunspot Mumber | Decimated | Decimated
LInits | |
Comments hl A,
decimation
of"Sunspot
Humhber"

Sparklines /- 1

1 1744] 1 58 | 1744 1] 39.80523
2 1744] 2 B2.6 | 1740 13| 8A.53432
3 1744] 3 70 1741 25| B5.585876
4 1744] 4 aa.7 | 1742 ar 45.8645
] 1744] ] 84 | 1743 49| 39.20533
b 1744] ] 83.9 17454 61] 17.915893
7 1744] T 848 | 1744 73| 1072722
8 1744] g A3 | 1746 85| 10.39522
4 1744] ] 754 1747 a7 2027811
10 1744] 10 7949 1748 109 43.33136
111 1749) 11 158.6 | 17454 121) 4833373
12~ 1744 12 852 ~__ 17EO 133 BO.62604 2
1] ¥ [\ Sunspot f || < >

9. Press CTRL and select columns C and E. From the menu, choose Plot: Multi-Panel:
Vertical 2 Panel to make a graph. Note that the decimated line looks smoother as the image

below shows.
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43114 Signal Envelope

1. Start with a new workbook.

2. Select menu item File: Import: Single ASCII... to import the data <Origin Installation

Directory>\Samples\Signal Processing\Gaussian Envelope.dat.

i GaussianEnvel - Gaussian Envelope. dat f][ﬁ|§|
)
Long Mame Time Sianal
LInits
Comments
Sparklines ///’“ I*
1 1.65114
1.04805 3.14064
1.0981 4.32283
1.14714 5.08185
1.14962 5.34344
1.24525 5.081498
1.29428 4.32305
1.34334 3.140492
1.39238 1.6513
1.44144  B.54406E-16 =
', Gaussian Envelope f || < S

3. Highlight column B and from the menu choose Plot: Line: Line to create a line plot.
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= Graph? E”E”g|
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4. With this graph active select Analysis: Signal Processing: Envelope... from the menu. This
opens the Envelope: envelope dialog box.

5. Inthe dialog box, set Envelope Type to Both Envelopes, and Smooth Points to 10. Check

the Auto Preview box to preview the result in the right panel.
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-

B ' Envelope: envelope

7 |- |

Dialog Theme | =

Description  |Get envelope of the data

ﬂ Preview

Signal
—— Upper En

il

M anual hd

|[Gra|:uh2]‘| 11"'Signal”

Recalculate

Input

/I-;welupe Type [Enth Ervelopes

v]>

.E_mnnlh Points

Output |[<in|:uut>]<in|:uut>

L ]
\

["E]
3

—— Lower Enjs

é.t’-‘«utoF'leviewl FPIE\-’iEW [ QK ” Cancel ]

6. Click OK to create the graph showing upper and lower envelope curves.
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4.3.12 Rise Time
4.3.12.1 Summary

In a step-like signal, rise time refers to the time required to change from a specified low value to a
specified high value (or from a specified high value to a specified low value in the case of fall time).
Origin's rise time tool allows you to graphically select a rectangular area tracing a rising or falling step
in the signal, and from it calculate the rise time or fall time for this selected step.

4.3.12.2 What You Will Learn

With this tutorial, you will learn how to:

Use the Rise Time gadget tool to calculate the fall time.
Change the settings for fall time calculation.

Set the display elements on the graph.

A 0N PE

Select the desired output options and output the result to worksheet.

4.3.12.3 Steps

1. Start a new workbook.

2. Select menu File: Import: Single ASCII... to import the data file <Origin Installation

Directory>\Samples\Signal Processing\Step Signal with Random Noise.dat.

i StepSignalwit - Step Signal with Random Nois. .. g@g|
AGD B ~

Long Mame time signal with noise

IInits
,x”/f M

Comments

Sparklines
-0.08277
002274

0.047498
-0.12202
0.09091
-0.01306
-0.21336
-0.092049
0.1608
0.01875

b
', Step Signal with Random Noise / | 4 > | r

(= B Cw B w e By B R R TR R R

——

3. Highlight column B and make a line plot of it by selecting Plot: Line: Line from the menu.
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&= Graph1
1 —— sighal with noise |
5=
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signal with noise
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1

T T T T T T T 1
a 20 am &0 200 000 1Z0
time

4, Click the Scale In () button on the Tools toolbar, then select a range along the X axis

from about 500 to 700, so that we can focus on this portion of the plot.

= Graph1 |Z| |E| [z|
1 — signal with noise |
a
T
o
[}
=
= 4
E z
[1:3
S
w14
o4
500
tirne

5. With the graph active, choose Gadgets: Rise Time... from the menu to launch the tool.
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7.

Data Analysis

In the dialog box, click the ROI Box tab and set X Scale From to 510 and To to 650. Set

Tool to Fall Time and Method to Histogram.

Rise Time Preferences

Dialog Theme ﬂ

L_F':E)I BP_>5_;|FaII Range | Quantities | Oukpuk To | Display on Graph | Advanced

[ Scale -
r-”fru:um 510 Y
\Te (50 %

Fixed[Prevent moving by RO [ ]
[]Show Tool Hame

Fill Color D Auto |

I.-'Tuul Fall Time v ™

\
'._. .
@Ethud | Histograrn V_l,_/’l

[ Ok H Cancel ]

Click the Fall Range tab and change From (%) of Step Height to 20 and To (%) of Step
Height to 80.

Rise Time Preferences

Dialog Therme ﬂ
RO Bo '[f:all Rang_-g/'| Cwantities | Cutput To | Display on Graph | Adwanced
High State Level 4 02251 [+] Auito
Low State Level 0.0583 [+] Auta
/From (%) of Step Height |20 ™
\To (%) of Step Height |50 | J
[ ] ] [ Cancel ]

Click the Quantities tab, check only three check boxes: Dataset Name(name), Fall

Range(dVref) and Fall Time(dT).
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Rise Time: addtool_rise_time @Iﬂ_ﬁj

Dialog Theme | = H

Description  |Place a rectangle onto the plat to calculate Rise Time

| ROI Box | Fall Range : CQuantities | Cutput To | Display on Graph |Ad\ranced |

D ataset Identifier [Lu:ung Marne Only v]
Low State Level[¥Min]

High State Level[¥Max)

Step Height[dY]

Low Reference Level(YrefMin]
High Reference Level(¥refM ax)
Fall Range[d¥ref]

Time at Low Reference Level[T1]

Time at High Reference Level[T2]
Fall Time[dT)

Fall Yelocity[¥elocity]

M aximum Fall ¥elocity[M axYelocity]
Moise Level Low(el]

Moize Level High[e?]

OO0 0O\ O O\E0OO-O O

r | ok || Cancsl |

ki — i F = E 3 i - i

(T"_.;:E;ipt Window z[:j

Resultz Log [F]

Il.ﬁ'ﬁr:lend to Worksheet _ﬂ\".
'L.E!esult Worksheet Hame |[IJ kRizeTime]R ezult ,I"I

[ Ok H Cancel ]

10. Click the Display on Graph tab, expand the Indicator branch, and change Edge Color to
Blue. Check Fall Range.
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Rise Time Preferences

Dialog T heme ﬂ

ROI Box | Fall Range | Quantities | Qutput To |:'\6__i_;pla~;.-' an Gar ﬁm Advanced

El Indicator

Size 10 w

Symbal | [ | hd |
Iiilidge Calor . Blue

Fill Calar . Fed

State Level
Fall Time ]
f?ﬁl Range _ﬁ“:;

M

[ Ok H Cancel ]

11. Click OK to add the rectangular region-of-interest (ROI) to the graph.

= Graph1 = I:|||
1 Fal Tremen gasas | —— Sional with noise |
Fall Range=1.30755
ED
4 i
o 3o
o0
=
=
£ [T NRTEN LAy
T 2- L e
=
=
fa}
w1
o4
1
B0
time

12. As the above image shows, the two red horizontal lines delineate the upper level and lower level.
The vertical distance between the two blue lines is the fall range, shown by the two indicator

points on the line plot. At the top of the rectangle, the fall time and fall range are reported.
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420

13. Click on the triangle button in the upper-right corner of the ROI to open a menu and select

Fix ROI Position, so that the yellow ROI rectangle is locked in place.

&= Graph1

signal with noise

EBX

Fal Time=0 G956 |

—— sighal with noise |

Fal Range=1.30755

X

[ R TEN PP ] Mo

Spb Ry

Ir_f
|-

Mewy Oubput

Change Data K

Expand ko Full Plok(s) Range

. . ==y
. Fix ROI Position _'___f,l
Save Theme. ..
Save as <default=
Load Theme k

Preferences, .,

time

14. Open the menu again and click New Output to output the results. Open the menu again and

choose Go to Report Worksheet.
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Si=1e3

signal with noise
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Save Theme, ..
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15. The report worksheet is activated and we can see that the three parameters that we chose on

the Quantities tab are reported.

=2 QkRiseTime

A
Dataset Mamelname)

B
Fall Rangeldyref

Fall Tirme(dT)

[StepSignalwit]"Step .. 1.30745 0.69596

4.3.13 Sound Processing
4.3.13.1 Summary

Origin features some useful signal processing tools, such as smoothing, FFT filtering, and spectral
analysis tools like the Fast Fourier Transform (FFT) . These can be useful for performing sound
analysis. This tutorial will remove a specific noise from an audio signal (WAYV file) based on the
spectral range of the noise.

Minimum Origin Version Required: Origin 9 SRO

4.3.13.2 What You Will Learn

Import a sound file (WAYV) into Origin.

How to view sampling interval information.

How to use FFT gadget to check the frequency spectra of a signal.
Perform FFT filter on the audio signal.

o M w b

Export a filtered signal as a .WAV file.

4.3.13.3 Steps

In this tutorial, we will use "Origin8 Message.wav" and "Dial Tone.wav" which can be found under the
subfolder "\Samples\Signal Processing\" of the Origin installation folder.

Play the sound file "Origin 8 Message.wav" and you will hear a dial tone noise in the background. The
2nd file is a recording of the dial tone.

1. Start Origin, and create a new project with an empty worksheet in a workbook.
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2. Select menu File: Import: Sound (WAV)... to open the Sound dialog. (Hint: if this menu item
is not shown, select menu File: Import: Customize... to open the Import Menu
Customization dialog to add it.) Navigate to the "\Samples\Signal Processing\" folder and
double click "Origin 8 Message.wav" and "Dial Tone.wav" to add them to the import list. Make

sure Show Options Dialog is checked and click OK.

@Jﬁﬂund @

Lok in: , Signal Processing - @ = E-
= Mame . # Title Contributing art
ke || Dial Tonewav

fEzmidEEE || Crigin 8 Message.wav

! || sample.wav

Desktop
- ] T b
_—'_"—_"I File name: Dial Tane wav - [ Add Filefs) ] [ QK ]
Libraries
Files of type: [Wa\re File: {*wav) v] [ Remave File(s) ] [ Cancel ]
A
Computer
. Show Options Dialog;
G&u File Name Size Modfied
Metwork Origin 8 Message. wav 495KE m/2314 1705
Dial Tane.wa 3EEKE /23141705

3. Inthe Import and Export: impWav dialog, click the triangle button to to the right of Dialog
Theme, and select System Default from the context menu. Then expand Import Options

node, change Multi-File (except 1st) Import Mode to Start New Sheets.
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Dezcription

=

Irnport and Export: impWav

Import waveform audio file

=)

&

File Hame

File Info

Aeszults Log Output

[l Import Options
13t File Import Mode

C:“Program Filez\OriginLabhOrigind145ampl = |:|

Data Analysis

Save to <Sheet>
Save as < default>
Save

Save As...

System Default

C:\Program Filez\OriginLabhOrigin31%5ampl = -

| Feplace Existing Data

h |

tulti-File [ercept 1st] Import Mode

| Start Mew Sheets

h |

Template Mame El
Add Sparklinez |Ye&[if lezz than 50 columng) - |
[RelMaming YWorksheet and Workbook,
Partial Import
Save File Info. in W arkbook v
Dutput [Back1]5heet] B
0k l | Cancel |

4. Click OK to import the two sound files into two

5.

e

worksheets :

% DialTone - Dial Tonewav

Sparklines

b | oo [ =) [ e | e | o [ =

[ ACY) B(Y)
Long Mame Dial Tone
Units
Comments
Sampling Interval |2 26757E-5 (second)

-

12
-4
18
8
22
12
12
10

E. ¥

Y

a |\ Origin & Message ;\,[.'id Tone f’_

o« e

Delete...

Compare..,
Generate Script

<Llast used=

In each worksheet, we can see the Sampling Interval has the same value of 2.26757E-5

(second). Click the i icon in the top left corner of the column and the Column additional
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information dialog pops up with the sampling interval information. Click OK to close this

dialog.
Column additional information @
Ever Initial value: 0 -
| Carcel |

Everi= Increment: 22675736961 451 2e-005

Header Infa:

6. With Dial Tone worksheet activated, highlight column A, and select menu Plot: Line: Line to

make a line plot.

Graphl EI@
. | — Dial Tone |

-

2000
1000 4
o
[
[=]
— o
z Speed Mode 1is On
-1000
3000
1 1 1 1 1 1
] 1 z 3 4 ]
Time (second}

7. Using this graph, select menu Gadgets: FFT... to open the Data Exploration:

addtool_curve_fft dialog. Using the default settings, click OK button to perform an FFT of

the data and create the FFTPREVIEW graph with the results.
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-

Graphl E=N el T
. | — Dial Tone |
2000
1000 4
o
[
[=]
= o
z Speed Mode 1is On
1000 4
-3000
1 1 1 1 1 1
0 1 2 3 4 5
Time (second}
FFTPREVIEW E=S[EER—
1 10000 Owptions
1000 |§ Rescale
100 [X |Log Scale
Z 10
3
= 1
o
g 0.1 4
001 4
1E-3 o
1E-4 4
1E5 1
0 10000 20000
Frequency

8. Uncheck the Log Scale checkbox on the FFTPREVIEW graph, and then select menu Graph:
Rescale to Show All to rescale the graph. We can see that the distribution of frequency is

mainly under 2000 Hertz with the largest peaks being under 500 Hertz.

425



Tutorials for Origin

FFTPREVIEW =R
1 300 Options
E Rescale

500 4 |_ Log Scale
fik
js
E 400
[=
H
=<1

200 S

o L
0 I I I I 10000 I I I I 20000
Frequency

9. Activate the worksheet Origin 8 Message and highlight column A. Select menu Analysis:
Signal Processing: FFT Filters to open the Signal Processing: fft_filters dialog. In the
dialog, change Recalculate to None, select High Pass for Filter Type, uncheck the Auto
checkbox for Cutoff Frequency and change value to 500. Clear Keep DC Offset checkbox.
We can auto preview the result by ticking the Auto Preview checkbox at the bottom, and the
result will be shown in the right panel, which can be shown or hidden by using the button in

the bottom right corner of the left panel.

7| Signal Processing: fft_filters @
Dialog Theme | = ﬂ Preview

Description [Perform FFT Filtering - si-.-:fb'\erjme "
Finred
Recalculate Mane -
Input |:Messag]"Dligin 8 Meszage'1[< auta=: A" "Origin 8 Messzage'") i T
Filter Type |High Pass - |
Cutoff Frequency 500 Auto
Keep DC Offset [}
Output [lereen <news) IE“E
V| Buta Preview | Preview | [ ag l | Cancel | EI

Note: If Recalculate is not None, the results need to be copied to new columns without the

recalculate lock for changing the Data Type, see step 11 below.
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10. Click OK to generate the results. We can see that the filtered result is in floating point format.

In order to create a new WAV file, we need to convert this to an integer format.

i =

% DialTone - Dial Tonewav E'@
(& ALY) B(Y) CrK1) DY) i
Long Mame | Origin 8 Message Filtered X1 | Filtered ¥
Units
Comments 500 Hz
High Pass
fit filter of
“Origin 8
Message”

Sampling Interval |2.26757E-5 (second)

Sparklines l“ Il | |

1 126 0 60.05184

2 112 2 26V5TE-5 | 414831

3 120 4 53515E-5 | 45.0095

4 112 6.80272E-5  32.64136

5 122 9.07029E-5  38.38047

B 134 1.13379E-4 | 46.26404

I 130 1.36054E-4 | 38.27481

8 144 1.587V3E-4 4843108

g 106 1.81406E-4 674163 | —
IE'\Gﬁgin 8 H&mage,{ Dial Tone f || 1 m k |r

11. Highlight column D (the filtered result column), and then choose Properties... item from the
right-click context menu, to open the Column Properties dialog. In this dialog, expand
Options node, set Format to Numeric, then change Data Type to Short(2). Click OK to apply

these settings to column D and close this dialog.
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P "

# | Column Properties - [DialTone]"Crigin 8 Messag... El [=] @

| Properties | Enumerate Labels | User Tree

Short Hame ]
Long Mame Filtered %1
Units
B00 Hz High Pass fit filter of "C| -«
Comments
H width
Column *idth 7
Apply to all O
E Dptions
Plot Dezignation
Forrnat [ Mumeric - ]
Display | Decimal 1000 |
Digits | Default Decimal Digts |
Data Type Shart[2] -

Apply to all columns ta the right 7]

[ k. ][ Cancel H Apply ]

12. Keeping column D highlighted, select menu File: Export: Sound (WAV).... In the open dialog,
enter a file name (such as Origin 8 Message_filtered.wav) and save to a familiar location. Make

sure the Show Options Dialog checkbox is ticked.

13. Click Save button and the Import and Export: expWAYV dialog pops up. Clear the Auto

checkbox for Column, and change it to 4.
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rImp-n:l-r‘c and Export: expWAY @
Dialog Theme | = ﬂ

Dezcription  |Expart data as Microzaft PCHM wave file

Channel Mode |I'-.-'I|:|r1|:|—1|r

Input Workzheet |[DiaIT ane] 'Origin 3 Mezzage" i T

Column 4 Auto

Start Row 1

End Row n

File Mame JzerstpenntDeskiophOrigin & Message_fitered. wav - D
Ok ] | Cancel |

Note: The Column is specified for the Y column, and Origin will find its sampling interval if exists

or its associated X column. If no X column or the X column is not even spacing, there will be error

messages.

14. Click OK to export column D as a wave file. Now you can play this wave file and hear that the dial

tone has been removed. Note that information with the same spectra as the dial tone is also

removed.

4.4 Peak Analysis

4.4.1 Create and Subtract Baseline with Peak Analyzer

4.4.1.1 Summary

In OriginPro, the Peak Analyzer is capable of creating and subtracting baseline. There are various
ways for baseline creation. You can generate baseline anchor points automatically or manually and
then connect them with interpolation or fit them with a function.

Minimum Origin Version Required: 2016 SR0O

4.4.1.2 What you will learn

e How to create baseline with 2nd Derivative method
e How to create baseline with Asymmetric Least Squares (ALS) Method (Pro)

¢ How to subtract a baseline from the spectrum
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4.4.1.3 Steps

Create baseline with 2nd Derivative method

1. Start a New Workbook and import the <Origin EXE Folder>\Samples\Spectroscopy\Baseline.dat.
Highlight the second column. In the main menu, select Analysis: Peaks and Baseline: Peak

Analyzer to open the dialog of the Peak Analyzer.

2. Inthe first page (the Goal page) of the Peak Analyzer, select Create Baseline as Goal.

Click Next to go to the Baseline Mode page.

5| Peak Analyzer El =] @

Dialog Theme | = >

Goal - Create Baseline

ifie b ode

J Finizh

| I et | | Finizh ||Eanu:el| :%:

||:ua_gu:ua|
Select spectrum data and Goal

Recalculate |Manual -

Define and create a baszeline dataset

Goal Integrate Peaks
@ Create Baseline

Subtract Bazeline
Find Peaks
Fit Peaks [Pro)

Input [bazeline|bazelinel (A avenumber” B lntenzity'']
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Next we are going to create an user defined baseline for this spectrum by defining anchor points.
On the Baseline Mode page, select User defined from the Baseline Mode dropdown list. Check
on Snap to Spectrum to make sure when you add or move a baseline anchor point, it will be

pulled back onto the spectrum.

The first two methods in Anchor Points Finding are the most commonly used, and they can
find anchor points automatically based on the derivative of the spectrum. If the baseline is
approximately constant, 1st Derivative and 2nd Derivative is more powerful, otherwise, we
should use 2nd Derivative. In this example, the baseline is more curly, so we use 2nd
Derivative method for locating anchor points.

For other methods in Anchor Points Finding and related smoothing parameters, you can refer to the

link: Baseline Mode Page.

Baszeline Mode I Idzer Defined -

@p to Spectrum

B Baseline Anchor Points

= Anc i ifnding
Method ® 2nd Derivati@

0 Tst Denvative and 2nd Denvative

! Uze Script ta Search
! Uze Exigting 0 atazet

Adjacent-Averaging smoothing i1z uzsed.

m

Smoothing ‘window Size 3 Suta
Threshald 0.05 Suta
Current Murnber of Paints 2
Enable Auto Find
MNumber of Paoints ta Find a

Add b odify/Drel Clear &l

Save... Load... [ Anchaor Pointz Infa... ]

Now click the Find button in the Baseline Anchor Points group. You can preview the anchor

points in preview window.
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6. Click Next to go to the Create Baseline page, select Interpolation in the Connect by drop-
down list. In Interpolation method group, select Spline from the drop-down list. You can

preview the spectrum in preview window, and then click Finish to get the baseline data.

@Inect by [ Interpolation v]—)

Snap to Spectrum
Bazeline Anchor Points [ Add || ModiyDel |

Number of Baseline Points 1501 Same az [nput Data

B Interpolation Method
71 Line

) BSpline
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Create baseline with ALS Method (Pro)

1. Start from the Baseline Mode page, and select the Asymmetric Least Squares Smoothing
Baseline (ALS) as the baseline method. The ALS baseline can be tuned easily with a few

parameters without pre-selecting any anchor points.
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-

B | Peak Analyzer | = | |ih

Dialog Theme |« defalts = ﬂ

.—I Goal - Azvmmetnc L ) L: smoothing B azeline

B azeline Mode

Azummetric Le ) L moathing B azeline

Firizh

| Presw || M ext || Finizh | |Eann::el| :%:

pa_bazemode

Baseline Mode | Asvmmetnic Least Squares Smoothing -

2. Click Next go to Asymmetric Least Squares Smoothing Baseline page, adjust the parameters

to make the baseline optimal, then click Finish button to output the results table and graph.
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-
= | == B ' Peak Analyzer | = —Eh]

Dialog Theme |« defauls = »

PeakAnalyzerPreview - Peak Analyzer Preview ™ | o

70O 4
. Goal - Azvmmetnic
000
& Mode
5000 | . . -
T Asymmetric Least Squares Smoothing Baseline
00 1 Finish
2000
2000 4
— ]
| Prev | N | Finigh | |Cancel| —
||
1000
|pa_alshase
i) 50 1000 1500 2000 2500 3000 3500 ~
E Settings

Agymmetric Factor (0-1] 0,001

Asymmetric factor represents weight of points above
baseline. For positive peaks. a small number close to 0 can

be chosen.
Threshold 0.0z i
Smoothing Factor 7
Mumber of Iterations 10
Baszeline |[<new>,<new>] |?=||T|
Preview | Subtract |

4 (11 3

Subtract Baseline from a Spectrum

1. If you want to subtract baseline, select Subtract Baseline as the Goal at start page.

2. After you created a baseline, click Next button to go to Subtract Baseline page.

3. Click Subtract button for previewing the subtracted data. The baseline data and subtracted
spectrum will be outputted after clicking Finish button. The figures below displayed the

Subtract Baseline page and the preview of the subtracted spectrum.
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5| Peak Analyzer

=)=

o) [

|pa_|:uasesul:utr

Subtracted Data |[<new>,<new>]

Baszelne

II’Il

0

|[< nE < e | & E]

4

TI] [ |k

PeakAnalyzerPreview
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4.4.2 Use Script to Search for Baseline Anchor Points in Peak

An

436

alyzer



Data Analysis

4.4.2.1 Summary

In OriginPro, the Peak Analyzer is capable of creating and subtracting baseline. You can create a
baseline by finding baseline anchor points first and then connect those anchor points either by
interpolation or by fitting. To search for those baseline anchor points, you can either use built-in
methods or define the search method on your own using LabTalk scripts.

4.4.2.2 \What you will learn

¢ How to create baseline with user-defined scripts

e How to integrate peaks from user-defined baseline

4.4.2.3 Steps

Create baseline with User-Defined Scripts

1. Start a New Workbook and import the <Origin EXE
Folder>\Samples\Spectroscopy\Chromatography\Liquid chromatogram.dat. Highlight the second
column. In the main menu, select Analysis: Peaks and Baseline: Peak Analyzer to open the
dialog of the Peak Analyzer.

2. Make sure Goal is selected as Integrate Peaks and click Next button to go to Baseline Mode
page.

3. Select Baseline Mode as User Defined and continue to select Anchor Points Finding Method
under Baseline Anchor Points node as Use Script to Search.

4. Enter apt_x and apt_y in X= and Y= edit boxes, respectively. Then paste the scripts shown below
into Before Formula Script box. Click Find button will run the scripts and the detected baseline

anchor points will display on the preview window.
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"' Peak Anahyzer
Criaion Theame

. s

[pa_bazemode

Bazeline: Mode
Snap to 5pectrm
[ Bazeline Anchor Pointz

Bl Anchat Ports Finding
Method

Before Fomula Scipt

Cument Numbaer of Poires
Enabls Aulo Find

Hint: Input data are denoted by two datasets dsx, dsy. You can
custom pour method using LabTalk scopt or X-Function.

E] PeakAnalyzerPreview - Peak Anabyzer Previ... =

L)
0
Frev | Hest || Finish | Cancel
20
Uszer Defined = o
1% I|
58
2red Dasiveative
15t Desrvateve and 2nd Desrvsters n Ll
@ |Jge Scipt o Saaich
Use Exsting Dataset B
apl_x
apl_y
Dataret depas

aklrd po=[dox. diy| e =p rpts =5 value: =200 ocer

L]
'l

Find

Dataset dspos;

pkfind iy:=(dsx, dsy)

positions

dir:=p npts:=5 value:=200 ocenter:=dspos;

// Find major peak

int npk=dspos.GetSize () ;

// Get major peak numbers

// Create datasets to store anchor points

int nn = dsx.GetSize();

// Get source X size

dataset apt x, apt y;// Create datasets to store anchor points

apt_x.SetSize(npk+1);

apt y.SetSize (npk+l);

apt x[1] = dsx[1];
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apt_yl[1] = dsyl[1l];
apt x[npk+l] = dsx[nn]; // Set last data point as last anchor point
apt yl[npk+l] = dsy[nn];

for (ii=1; ii<=npk; ii++)

int istart = dspos[ii]; // Get row index of ii-th peak
int iend = dspos[ii+l]; // Get row index of the next peak
range rtemp = [??]!dsy[$(istart):$(iend)]; // Declare the range and point to the

loose dataset

limit rtemp; // Get stats of the subrange

int ind = limit.imin; // Get min Y row index

apt_y[ii+l]=limit.ymin; // Get min Y between two peaks as anchor point
apt x[ii+1]=dsx[ind];

bi

The script will firstly find all major peak positions and then treat the minimum between every two
adjacent peaks as one baseline anchor point, then add the first and last data points as two baseline
anchor points.

Note: You can still uncheck Enable Auto Find checkbox and then use Add or Modify/Del to add or
remove baseline anchor points.

5. Click Next button to go to Create Baseline page, make sure Connect by is selected as
Interpolation and the Interpolation Method is Line. Then click Finish to obtain integration areas for
each peak.

4.4.3 Batch Peak Analysis Using Theme with Script Before Each

Process

4.4.3.1 Summary

439



Tutorials for Origin

Origin can perform batch peak analysis of multiple datasets using an Analysis Theme. You can
choose to pre-process the peak data, e.g., exclude unwanted datasets, before actually input it for
peak analysis using script specified before each process.

Minimum Origin Version Required: 2016 SR0O

4.4.3.2 What Will You Learn

This tutorial will show you how to:

e Save analysis settings as a theme for batch peak analysis
e Writing script before each process to pre-process data

e Batch peak analysis using an analysis theme

4.4.3.3 Steps

Save Analysis Settings as a Theme
This tutorial is associated with <Origin EXE Folder>\Samples\Tutorial Data.opj.

1. Open Tutorial Data.opj and browse to the Script Before Process in Batch PA folder in Project
Explorer (PE).
With the project open, browse to the folder Script Before Process in Batch PA.

3. Click on worksheet Datal in workbook with title Sample - Spectrum and Noise Mixed to
activate source data sheet.

4. Highlight column B and go to menu Analysis: Peaks and Baseline: Peak Analyzer to open
dialog. Select Fit Peaks(Pro) as Goal.

5. Click Next button, select None(Y=0) as Baseline Mode. Click Next button twice to go to Fit
Peaks(Pro) page, expand Configure Graph subnode under Result node and set Create Report

Graph to <None> to turn off generating report graph, which can speed up the analysis process.

6. Now click the ﬂbutton next to the Dialog Theme control and select Save as ... to open Theme
Save as... dialog. In the Theme Name edit box, enter MyPeakAnalysis and click OK button to
save it.

7. Click Finish Button to perform the analysis and output results.

Prepare Script for Pre-processing Peak Data

The Batch Peak Analysis Using Theme dialog provides three edit boxes to allow running script
before each process, after each process and at the end of all processes. In this section we will mainly
show how to write script before each process to pre-process the peak data.

1. Activate worksheet Datal again, we can see from the sparkline of each dataset that some of peak
data are very noisy, e.g., column C, E, F, and we want to exclude such noisy dataset if it reaches
certain noise level.

2. The way used to identify whether data is noisy in this tutorial follows the routine below:
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o Filter raw data with a high-pass FFT filter to obtain the high-frequency noise from the
data.

¢ Find the standard deviation(SD) of the noise and the corresponding raw data.

e Set a criteria that if the ratio of the square of SD of the noise over the square of SD of
the raw data is over 30%, it will be regarded as noisy data and will be excluded for

batch analysis.

3. Follow the routine above, the script for pre-excluding noisy data is as following:

dataset dr;

fft filters iy:= ry filter:=high oy:=dr; // Perform high-pass fft filter to obtain

noise

stats dr;

double nSD = stats.sd; // Calculate SD of noise

stats _ry;

double sSD = stats.sd; // Calculate SD of raw data

if (nSD*2/sSD"2>0.3) // Set noise identification criteria

_skip=1;

else

_skip=0;

where _ry refers to current y data, _skip determines whether to skip current dataset.
Batch Analyze Datasets Using Analysis Theme

1. Activate worksheet Datal, highlight all columns in the sheet and go to menu Analysis: Peaks and
Baseline: Batch Peak Analysis Using Theme... to open dialog.

2. Select MyPeakAnalysis from Theme drop-down list, Peak Properties(Pro) from Result Sheet
drop-down list.

3. To output results to a specified sheet, you can enter the range syntax in Output Sheet edit box.
Suppose we want to export to MyResults sheet in MySummary book, you can input
[MySummary]MyResults! in the edit box.

4. Input the script we wrote in section above into Script Before Each Process under Script node.
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Dialog Theme | - ﬂ

Description | Peak Analyss batch processing using Analpsis Theme to generste summary report

&l Input ampleIDat1 ({4 BLEA C1IAD LA ELA FLIAGLIAH (% ][> ]
Thema | MyPeakinalysis -
Result Sheet Peak Froperties (Pra) |

Include Fit Statistics in Report
Conents from Rezull Sheet will be appended bo the Dulpul Shest in anothes book, sepcifed belowe

Dulput Sheet [MySummanyMyResuls! D
Delete Intermediate Result
=l Options

Dastaset |deriifier Rangs =

Starting Row of Output Sheet 1
Clear Dulput Sheet on Stat 7]
Append Label Rows (13 Fie] [

Append by @ Fows
() Cobumne
E Script
if (nSD"2/s8D"2>0.3) // set »|[
Scrpt Before Each Process _Ski[-'l:]- H —
[
Siript after Each Process
&)

Scaipt at the End

L_OKk_J [ Concel |

5. Click OK button to perform batch peak analysis and you will see noisy datasets are excluded in
MyResults sheets.
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@ MySummary * |E_l@@
AQY) [ Bn | ¢ [ om | em | fFm [ o0 | vn | m | Jm -

Long Name Dataset Peakindex PeakType AreaFit AreaFitT Area FitTP Center Max Center Gnvt Max Height FWHM

Units
Comments =
Parameters

1| [Sample]Data1}(AB) 1 Gaussian 62965 6296315 2683319 100146 1.00146 111.9851 0.528:

2 | [Sample]Data1!(A B) 2 Gausslan HESsERHR ¥RmssEsg 5229279 3.99952 300052 mmmmgEmw 07740

3 | [Sample]Data1y(AB) 3 Gaussian 4898016 4898016 2087402 699981 6.99981 ##¥#sssss 0248

4 | [SamplejData1!(A D) 1 Gaussian 6669304 6669304 1137578 12 12 w#swssess 02870

5 | [SamplelData1'(A D) 2 Gaussian  #esespsy sagseess 3000463 38 38 Fampessx 0361

6 | [Sample]Data1(AD) 3 Gaussian ####ERwRR waeaeees 3835519 6.3 6.3 wwwaamen 01950

7 | [SamplelData1(A D) 4 Gaussian sosspssy gygmeees 201744 88 88 #xmEEsmz 0195¢

8 | [Sample]Data1(AG) 1 Gaussian 9324854 9324854 30.21961 18 18 #aasssRe 0723¢

9 | [Sample]Data1i(A G) 2 Gaussian | #usssssn ssunsess 3084866 5 5 wunnaEss  0.658:

10 | [SamplelData1}(AG) 3 Gaussian 9236032 9236026 2993173 8 8 89.14507 0.973:

11 | [SamplejData1i(AH) 1 Gaussian HFEEFRAHT FEFSAESR 454566 2.49826 249826 #wwmaeRw 0596
12 | [Sample]lData1'(AH) 2 Gaussian SEessasy sagssees 545434 750242 750242 s#amsEpes 0957 &
12 —
L[> \myResutts / K 2|

4.4.4 Combine Quick Peaks Gadget with Peak Analyzer

4.4.41 Summary

The Quick Peaks gadget provides an intuitive way to carry out peak analysis, and Peak Analyzer
provides further options for peak finding, fitting, etc. You can first use Quick Peaks gadget to find
peaks and then use the Peak Analyzer to analyze the peaks. You can save the whole analysis as a
theme in the Peak Analyzer for future use and/or batch processing.

Minimum Origin Version Required: OriginPro 9.0 SRO

4.4.4.2 What You Will Learn

This tutorial will show you how to:

e Use the Quick Peaks gadget to find peaks.
e Open the Peak Analyzer from Quick Peaks gadget.

o Further analyze the peaks found in Quick Peaks gadget using the Peak Analyzer.

4.4.4.3 Steps

This tutorial is associated with <Origin EXE Folder>\Samples\Tutorial Data.opj.
1. Open Tutorial Data.opj and browse to the Quick Peaks Gadget folder in Project Explorer (PE).

2. Highlight all columns in the Nitrate worksheet and click the / button on 2D Graph toolbar to
generate a line graph.

3. Activate the generated graph window and select Gadgets:Quick Peaks.
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4. Inthe ROI box tab, change the From and To values of X scale to 34.75 and 35 respectively,

select the Fixed(Prevent moving by ROI) check box.

Data Exploration: addtool_quickpeaks

Dialog Theme H

Description | Place a rectangle onta the plat to find peaks

| ROI Box | Baseline | Find Peak | Area | Output to | Quantities

H X Scale
From |34.75
To |35
Fixed[FPrevent moving by O]

[ ]5how Tool Hame
Show Humber of Peaks on Center-Top

Fill Color D Auto |

[ OF. H Cancel ]

5. Inthe Baseline tab, select the Full Plot Range radio button for Range.

Data Exploration: addtool_quickpeaks

Dialog Theme ﬂ

Description  |Place a rectangle onta the plot to find peak:

ROI Box | Baseline | Find Peak | Area | Output to | Quantities

Mode |2n|:| Derivative w

Range ) Full Plat Fange
) Curve within ROl

] Smoothing Method

(%) sdjacent-veraging

() Savitzky-Golay

Wiridow Size 11 |
Threshald |0.05 |

M aximum Anchor Points |E |

Connect Method

[ OF. l [ Cancel

444



Data Analysis

In the Find Peak tab, change the Method for Peak Filtering to By Number, and set the

Number of Peaks as 3, select Blue as the color of the Peak Label.

Data Exploration: addtool_quickpeaks

Dialog Theme ﬂ

Description  |Place a rectangle onto the plot to find peak:

ROI Box | Baseline | Find Peak | Area | Qutput to | Quantities

H Peak Finding Settings

tethod | Lacal M aximunm W

Local Paintz | 2 |
El Peak Filtering

Mumber of Peaks 3 | [ Auta
[=] Peak Display
Bl Peak Marker

Color . Red |

=] Peak Lahel
Label | of Peaks v |
Harizontal ]
Color . Elue
Base Marker ]

[ OF. H Cancel ]

In the Output to tab, change the Result Worksheet Name to [QkPeak]%C_Result2.
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Data Exploration: addtool_quickpeaks E| [‘5__<|

Dialog Theme ﬂ

Description | Place a rectangle onto the plot to find peaks

ROI Box | Baseline | Find Peak | Area | Output to | Quantities

Script Window ]
Reszult Log ]
Append to Workzheet
Result Workzheet Mame | [QkPeak]zC_Fesltd |

Dutput Baseline to Worksheet [ |

[ 1]8 H Cancel ]

8. Inthe Quantities tab, you can decide which quantities to output. Leave only the check boxes
for Peak ID, Peak X, Peak Y, Height, Peak Area and FWHM checked, and clear the other
check boxes. Click OK to add the gadget to the plot.

&= Graph4
1
| — Voltage |
_ 3 peak(s) found
S00 _ E]E]
450
400 S
— - - B ®
= "2 =&
E  380- -
oi] i
n
& 3004
L]
= 4
250 4
200 - )___LJ\_LI LA e
150 L D L A A — T _ T T 1
338 2340 342 344 34b 0 FE /O /E 3B/4 3EE
Time (sec)
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9. Click the triangle button [ to the right of the ROI box and select New Output to generate the

report worksheet.

10. Bring up the context menu again to select Go to Report Worksheet to open the result

worksheet.

auE

28 OkPeak

A D)

Ev)

[(=]e3

|
G A

F{'r)

Dataset
MHame

Long Mame

Peak D PeakX Feak™

Heinht

b [\ Mitite_C_Resul Mitrite_c_nes@)

Comments Peak Height
from

Baseline

[Mitrite]Mitritel{ Peak 1 34801 33964548 142349745
TimeMoltage)

[Mitrite]Mitritel{ Peak 2 | 348695 3418306 14377188
TimeMoltage)

[Mitrite]Mitritel{ Peak 3 | 34,9358 332.890049 1398831
Time Waoltage)

IE

Feak Area | FWHM

059145 0.00321

0G3798 0.0036

DETT 0.00371

s\

11. Now we are going to open the Peak Analyzer to carry out peak fitting.

menu and choose Switch to Peak Analyzer.

Bring up the context
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I=l Graph4
1
| — Voltage |
500 - 3 peak(s) found
| E]E] Mew Cutput
480 4 Subtract Baseline
i Tag Peaks
400 7 Fit Peaks »
—_ i = E o
£ H
% 1 Update Output
= 3004
=) Go to Report Worksheet
= _
2a0 4 Change Data »
200 - M’J_J\_l_ L L k,_l Fix ROI Psition
i Save Theme..,
150 U D Save as <default>
238 340 342 F44 34 348 350
i Load Theme »
Time (sec)
Preferences...

12. The Peak Analyzer is opened, the Fit Peaks goal is already selected, the baseline mode and
peak finding method follow the settings in the Quick Peaks gadget.

13. Go to the Fit Peaks page directly and click the Fit button to fit the three found peaks with default
Gaussian function.

14. Click the Elbutton and select Save As in the context menu to save this analysis as a theme

with the name MyQuickPeaks.
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B Peak Analyzer

Dialog Theme b Save as <default>
Save
Bazeline Mode Theme Setting...
Delete. ..
Compare. ..

Fit Peaks

h'd
(o) ) <

pa_fit
Peaks [ Add || Moditw/Del |
El Weight
b ethod Mo wieighting L
Show Residuals ]
Show Z2nd Denvative ]
= Result

Dutput Setings
Configure Report
Configure Graph
Generate Report from Current Fitting Result [ |

Fit Contral

15. In the Peak Analyzer, click the Finish button to generate the peak fitting results.

Notes: The theme can be used in the batch peak analysis. Select Analysis:Peaks and
Baseline:Batch Peak Analysis using Theme to open the paMultiY dialog. The batch peak
analysis is very useful when you have multiple data files that are similar. You can refer to this
example for more details.

4.4.5 Peak Finding
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4.4.5.1 Peak Finding

e Picking and Marking Peaks

4.45.2 Picking and Marking Peaks

Summary

The Peak Analyzer provides several methods to pick peaks automatically. Also, user can opt to
add/delete/modify the peaks manually.

Labels are added to the peak centers after they are found or added, to show user the positions of the
current peaks.

Minimum Origin Version Required: Origin 8.0 SR6
What you will learn

¢ How to use and customize the auto peak finding in the Peak analyzer

e How to customize the labels for the peak centers

Steps

1. Start a new workbook and import the file <Origin Program
Folder>\Samples\Spectroscopy\HiddenPeaks.dat.
Highlight the second column.
Create a line plot by selecting Plot: Line: Line.

4. With the graph active, select Analysis: Peaks and Baseline: Peak Analyzer to open the dialog

of the Peak Analyzer.

5. In the first page (the Start page), select the Find Peaks radio button in the Goal group. Then

click the Next button to go to the next page.

Define a bazeline, find and mark peak locations

Goal Integrate Peaks
Create Bazeline
Subtract B azeline
@ Find Peaks
Fit Peaks [Pro)

6. Inthe Baseline Mode page, select None(Y=0) for Baseline Mode.
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Baselne Mode [D:unstant v]

Conztant

[dzer Defined

'= I1ze Exizting Datazet
F

B Constant

P irfhd 2

End Pointz ‘weighted

Straight Line

Azpmmetric Least Squares Smoathing

Cuistam

Click the Next button to go to the Find Peaks page.

In the find Peaks page:

1. Expand the Peak Finding Settings branch. Make sure that Local Maximum is

selected for Method. Then click the Find button. Only five peaks are detected.

424 Find Peaks
28 4
Finizh

T T pa_peaks

Current Humber of Peaks! &

Enable Auto Find

Peaks Info...
EH Peak Finding Settings

Shaw 2nd Derivative F1

Smoathing “Window Size 0 Ao

Direction Bath “

tiethod Local Maximum L R
< »
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2. Change Method to 2nd Derivative (Search Hidden Peaks). Click the Find button

again. This time, seven peaks are detected.

984 Dialog Theme

a4

T Find Peaks
Firish

S T |
A
Current Number of Peaks, 7
Enable Auto Find
Peaks Info...

[l Peak Finding Settings

Shaw 2nd D erivative [F]

Smoathing Window Size 0 Ato

Direction Bath w

tdethod 2nd Derivative [search Hidden peak
< »

3. Click Finish to complete the analysis. We will get this final graph:
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= Grapht

4.4.6 Peak Integration

4.4.6.1 Peak Integration

e Integrating Peaks

4.4.6.2 Integrating Peaks

Summary

Use the Peak Analyzer to integrate peaks and find their areas.
Minimum Origin Version Required: Origin 8.0 SR6

What you will learn

e How to pick an existing dataset as baseline
e How to subtract a baseline from the spectrum data

e How to calculate peak areas with the Peak Analyzer

Steps

1. Start a new workbook and import the file \Samples\Spectroscopy\Peaks with Base.DAT.
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2. Highlight the second column.

i "

% PeakswithBase - Peaks with Base.DAT EI@
ALX) B(Y) C{Y) i
Long Mame Time Amp Base
LInits
Comments
Fix)
Sparklines I_//’ N \’ﬁ\x
— o
1 10 0.18868
2 11 0.18582
3 12 0.18296
4 13 0.18011
5 14 017725
] 15 017439
7 16 017153
a 17 016868 il
2] 18 17494 016582 —
| <[ |\ Peaks with Base | ¢ ottt ¢ |

3. Inthe main menu, click Analysis, then point to Peaks and Baseline, and then click Peak
Analyzer.

454



4,

Data Analysis

In the first page (the Goal page) of the Peak Analyzer, select Integrate Peaks in the Goal

group. Click Next to go to the Baseline Mode page.

( B | Peak Analyzer I. =1 |ﬂh

Dialog Theme | . defal: ﬂ

Goal - Intearate Peaks

Bazeline Mode

Intearate Peaks

Finizh

| M ext | | Finizh | ||:an|:e|| :;:

pa_agoal
Select spectrum data and Goal

Recalculate |kanual - |

Define a bazeline. find and integrate peaks

Goal @ Integrate Peaks |

Create Bazeline
Subtract B aseline
Fird Peaks

Fit Peaks [Fro]

Input [PeakzwithB aze] 'Peaks with Baze"l[&"Time" B"Armp")

L=

A

5. Onthe Baseline Mode page, select Use Existing Dataset from the Baseline Mode dropdown

list. Click the triangular button to the right of the Dataset dropdown menu, and then select

[PeakswithBase]"Peaks with Base"!C"Base" on the fly-out menu. Click Next to go to the
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Baseline Treatment page of the Peak Analyzer.

r

B | Peak Analyzer

Dialog Theme | . default: =

Baseline Mode

line Treatment

.—‘ Goal - Inteqrate Peaks

| Prew | [ Mext ] | Finizh ||Eanu:e|| :%:

|pa_bazemade

B azeline Mode | Ize Existing D ataset - |

Dataset

Offzet Baszeline

|ak$withE aze] 'Peaks with Baze"l[A"Time"!

0

[

[PeakswithBase] Peaks with Base |C"Base”

Select Columns...

4

6. Select the Auto Subtract Baseline check box. Click the Integrate Peaks page icon in the upper
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two numbered yellow rectangles representing two peaks found with the default settings.

B | Peak Analyzer l =1 |ﬁr

Diall:lg Theme <default: * }

.llfi-:nal - Inteqrate Peaks

pr

Bazeline Mode
B azeline Treatment

Find Peaksz

Intearate Peaks

J Finizh

| Presw || M ext || Finizh | |Ear‘u:e|| :%:

|pa_bazetreat

o | Aubo Subtract Baszeline

Auto Rescale

[ Sublract Mow | | Rescale |

L A

For Integration Window Width, select Adjust on Preview Graph. On the graph, click inside the
rectangle marked with 1. A pair of "handles" appears on either side of the yellow integration

window. Drag these handles to adjust the range for which integration will be performed. Click
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inside the rectangle marked with 2 and adjust the integration range for the second peak.

pr

i " Peak Analyzer PeakAnalyzerPreview E@
Dialog Theme | =
. Goal - Integrate Pealks o
l 1.74 4 J
Bazeline Mode handles 4
Bazeling Treatment 051 ’ |
ow{ 9 [y Gl
Find Peaks e
| 1535 . . u
T Intearate Peaks 116 5: T
Finizh 174 4 i;k b
Presw : . : . : r : .
— a 15 92 3@ 184 0 ITE 312 36B

pa_int
Calculate the peak. area

Mumber of Ranges to Integrate 2

Integration Window Width Auta

Move the yellow rectangles to change integration limits

o | All Peaks

| @ Adjuzt on Preview Graph I

Fiw \wfidth Far All Peaks
Quantities

Integration Aezult |[<input>]< RIEw

| Integral Curves Data |[<same>]<new>

L

o

8. Inthe Integrate Peaks page of the Peak Analyzer, make sure all the desired quantities to

compute have been selected in the Quantities group. For example, if you want to calculate the

peak centroid for each peak, select the Peak Centroid check box. If you don't want to output the

percent areas, clear the Percent Area check box. When you are done, click Finish to perform

the analysis.
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pr

B | Peak Analyzer l = |i3-r

Dialag Theme | defalt = »

.llfi-:nal - Intearate Peaks

Bazeline Mode

ﬁ Bazeline Treatment

ﬁ Find Peaks
T Intearate Peaks
Firizh

| Presw | | Finizh | |Ear‘u:e||

|pa_irt
Calculate the peak area

[E] Quantities
Peak Area 7

Percent Area

Curve Area

Fow Index
Beginming =
Ending #

Peak Center
Peak Height
FsHM

Left Half “idth
Right Half *4fidth
Peak Centroid o il

m

e I

L A

The result is in a worksheet named Integration_Result1.
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’ '

% PeakswithBaze - Peaks with Baze.DAT [o |[= |[ =]
Indefl,] POCY)@|P1@&| P2(V)@| P30@| P4Y)@| PS(®| PSCYB| PTV @ -
Long Mame Row Beginning | Ending . .
Index Area Index X X FWHM | Center Height Centroid
Units
Comments | Integr Integral Re  Integr| Integral Re Integral Integral B | Integr | Integral @ Integral Re
Fix)
1 1 26.62285 a3 T 119 1316915 103 1.87906 102124249
2 2 2762137 267 249 283 1328994 | 277 -1.8043 27588972
3 =
1] \ Peaks with Base ;\,Iriegﬂim_ﬁﬁdﬂ ,{ Integlated_Cunre_DatE” 1 m k |r

If the Area check box was selected in the Quantities group, peak area data appears in the Area

column of the result worksheet.

4.4.7 Peak Fitting
4.4.7.1 Peak Fitting

e Peak Fitting with Baseline

e Peak Fitting with Preset Peak Parameters

e Setting the Fix, Share Status or Bounds for Multiple Peak Parameters Simultaneously

4.4.7.2 Peak Fitting with Baseline

Summary

In OriginPro, the Peak Analyzer is capable of performing multiple peak fitting with several baseline
subtraction options.
There are various ways to create a baseline for your spectrum data. You can select a few anchor

points and then fit them with a function. The fitting of the baseline can be done along with the peak
fitting.
Minimum Origin Version Required: OriginPro 8.0 SR6
What You Will Learn
¢ How to perform fitting of peaks

e How to fit the baseline

Steps
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1. Start a new worksheet and import the file <Origin Program Folder>\Samples\Spectroscopy\Peaks
on Exponential Baseline.dat.
2. Highlight the second column in the worksheet.

s 1

% PeaksonExpone - Peaks on Exponential Baselinedat | = || & || E3
AX) B(Y) i
Long WMame | Channel
Units
Comments
F(x)
Sparklines
f”"ﬂ
1 10
2 11
3 12
4 13
5 14
i 15
7 16
8 17 =]
| ([ |\, Peaks on Exponential Baseline / ||« e [

3. Select Analysis: Peaks and Baseline: Peak Analyzer from the main menu to open the Peak

Analyzer.
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4. Select the Fit Peaks radio button in the Goal group on the first page. Click Next to go to the

Baseline Mode page.

B | Peak Analyzer l = |ﬂh

DiEIIEIg ThEmE <defau|t} h’

Goal - Intearate Peaks

pr

Bazeline Mode

Intearate Peaks

Finizh

| M et || Finizh | ||:an|:e|| :;:

pa_agoal
Select spectrum data and Goal

Recalculate |kanual -

Define a bazeline. find and integrate peaks

Goal |ntegrate Peaks
Create Bazeline
Subtract B aseline
Fird Peaks
| @ FitPeaks [Fra) |

Input [_Pealganﬁ:::Egne]"F'qglis_qn E.:_-cpu:ulngptial

L &

5. Inthe Baseline Mode page, select User Defined from the Baseline Mode drop-down list. Click

the Find button in the Baseline Anchor Points group. Eight anchor points should be found.
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Then click Next to go to the Create Baseline page.

i ' Peak Analyzer =N lﬂhﬂ

Dialog Theme | dofauls - PeakAnalyzerPreview = || =) ER
. |:|||:|| |[|h-|:|r:|h- Fr—- o
425 J
Baseline Mode 3,40 4 J
C 7 EE |
Create Bazeline
1.70 4 J
line Treatment
PELE E
ﬁ 006D -
ﬁ _ O L. 0,85 4 E
':' ':' ':' 53
-1.70 4 J
Bl T f -
lpa_basemode 0 48 = 138 23 e 3% 3R
Bazeline Mode Usger Defined -

Snap to Spectrum

Baseline Anchor Points
Anchor Points Finding

Current Murber af Paints

Enable Auto Find

£ @

Mumber of Pointz to Find 8

[ Find |

Add Maodify/Del Clear Al

| Save. || Load. || AnchorPaoints lnfo.. |

L5 A

6. Inthe Create Baseline page, select Fitting with the Connect By drop-down list. In the Fitting

group, select ExpDec2 from the Function drop-down list. Click Next to go to the Baseline
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Treatment page.

pr

B | Peak Analyzer I. = |i:?-

Dialog Theme |« defaylts ﬂ

. Goal - Inteqrate Peaks
l azeling Mode

Create Baseline
azeline Treatment

|
i
ﬁ Find Pea
o

Intearate P

| Fresy || M ext || Finizh | ||:an|:e|| ::

pa_hasecreate

Connect by | Fitting [Fra] - |

Snap to Spectrum

Bazeline Anchor Points [ add || ModiyDel |
Mumber of Baseline Points 346 | Same az Input Data
(= Fitting

Function ExpDec? - |

Parameters

You can add your own baseline function by going to Fitting Function
Builder [FE] or Fitting Function Organizer [F9]. under Baseline category.
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7. Inthe Baseline Treatment page, select the Fit Baseline with Peaks check box. Click Next to go
to the Find Peaks page.

-

B | Peak Analyzer

Dialog Theme | =
B Goal - Fit Peaks »
l E: Sk '|Ir'|F- r 1| ||:||-'

: B azeline Treatment
Fird Peal

Fit P

| Prew H Mext ]| Finizh ||Eancel| :;:

|pa_bazetreat

Auta Subtract Baszeline

Auto Rescale

[ Sublract Mow |

F.-'_ . - B

(| [] Fit Bazeline with Peaks )
[

Fit Function: ExpDec?

[ Rescale |

Fix Bazeline Parameters

as Determined from B aseline Anchors

465



Tutorials for Origin

8. Inthe Find Peaks page, click the Find button to search peaks. Two peaks should be found. Then
click Next to go to the Fit Peaks page.

( i " Peak Analyzer | = ﬁ]

I,_
Dislog Theme | defaul: * PeakAnalyzerPreview El@
. Goal - Fit Peaks [Pra) S s e e B e L e s E e E
l 4.25 |

ne Mode 140 - ]

C 255 |

" |
Eaze

| 0.85 |

: Find Peaks 0.00 ] 1

Fit Peal.z [Pral .85 4 ]

1,70 ]

|pa_|:ueaks T

Current Number of Peaks 2 /
Enable Auto Find i

[ Find |

m

Add b odifu/Drel Clear Al
| Save.. || Load. || Peakslnfo.. |

Peak Finding Settings
Peak Filtering
Label: and Markers

L= =y

9. Inthe Fit Peaks page, click the Fit Control button to open the Peak Fit Parameters dialog.
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10. In the Peak Fit Parameters dialog, make sure that both peak types are Gaussian. Click the Fit

Until Converge button. When the fitting is done, click OK to close the dialog.

# ° Peak Fit Parameters o S

Auto Parameter Initialization

Parameters | Bounds | Fit Control|
HO. Fealt Type | FParam Neaning Share |Fixed Value Error | Dependency | Lower
0 Expllec? | offzet [=] -0. 26022 - -

0 ExpDec? Al amplitude [=] 3. 41623 - -

] Explec? tl decay constant El 30. 44568 - -

0 Expllec? A amplitude [=] o 35843 - -

0 ExpDec? L2 decay constant [=] 113, 14952 - -

1 Gausslan xe_ 1 center ] El |:| 103 - -

1 Gaussian | A1 amplitude 0 [=] O] 3113354 - -

1 Gaussian | w_1 FHM 0 [=] [ 15. TO059 - -—

2 Gaussian xo_ 2 center 0 El |:| 27T -= -

g Gaussian | A7 amplitude 0 [« [ -3z 8880 - -

z Gaussian | w_2 FifHM 0 [= [ 15. TO059 - -
L L 3
Gaussian "] J'JjTt\| ! | ﬁ| 1‘“| fT\| *’&| ﬂﬂ

e —

L% w

11. Back in the Fit Peaks page, click Finish to complete the analysis. See the results in the source

workbook and the graph report.

4.4.7.3 Peak Fitting with Preset Peak Parameters

Summary
In some cases, you may want to perform peak fitting with preset peak parameters. For example, you
may have many datasets with fixed numbers of peaks and the centers of these peaks do not vary
from dataset to dataset. What you are interested in is mainly other parameters of the peaks, for

example, heights. Using the theme feature of the Peak Analyzer, you may carry out peak fitting with
fixed peak parameters easily.

Minimum Origin Version Required: OriginPro 2016 SRO
What You Will Learn
1. How to save Peak Analyzer settings in a theme and reuse them
2. How to fix peak parameters
Steps
Save a theme with peak positions and peak parameters

1. Start a new worksheet and import the file <Origin Program

Folder>\Samples\Spectroscopy\HiddenPeaks.dat.
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2. Highlight the second column and select Analysis: Peaks and Baseline: Peak Analyzer from the
Origin menu to open the Peak Analyzer.

P "

] HiddenPeaks - HiddenPeaks.dat o[- ]
AX) B{Y) i
Long Mame
Units
Comments
F(x)
Sparklines '/f__.f*"
1 0.01
2 0.02
3 0.03
4 0.04
5 0.05
] 0.06
7 0.07
3 0.08 i
g 0.08 ; .
[« [» ]\ HiddenPeaks e Y |
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3. On the first page, select the Fit Peaks radio button in the Goal group. Click Next to go to the

Baseline Mode page.
B | Peak Analyzer I. =a |i:h

Dialag Theme | defalt = »

Goal - Fit Peaks [Prol

pr

Bazeline Mode

[ M et ]| Finizh | ||:an|:e|| :;:

pa_agoal
Select spectrum data and Goal

Recalculate |kanual -

Define a bazeline. find and fit peaks

Goal |ntegrate Peaks
Create Bazeline
Subtract B aseline
Firnd Peaks
@) Fit Peaksz [Pro)

Input [HiddenPeak zHiddenPeak «[4 B)
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4. Inthe Baseline Mode page, select None (Y=0) with the Baseline Mode drop-down list. Click

Next to go to the Find Peaks page.
B | Peak Analyzer | = | |ih

Dialag Theme | defalt = »

.—| [aoal - Fit Peaks [Pral

B azeline Mode

Find Pe:

ﬁ Fit Peaks [Prol

Firizh

| Fresw |[ M ext ]| Finizh | |Eancel| :%:

pa_basemode

B azeline Mode |N|:|ne [v'=] -

L ~

5. Inthe Find Peaks page:
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a. Clear the Enable Auto Find check box, because we want to find the peaks manually.

Click the Peaks Info button to open the Peak Info dialog.

( ® ° Peak Analyzer l =1 |i3_r

Dialog Theme | : default * »

.lE oal - Fit Peaks [Frol

Bazeline Mode

Find Peaks

Fit Pe: Pral

Finizh

| Fresw || I et || Finizh | |Ean|:el| :%:

pa_peaks

Current Humber of Peaks 7

Enable Auto Find

Chwd)
| add || Modify/Del || Clearsll |
| Save.. || Load.. | [ Feaks Info... ]
Peak Finding Settings
[F] Peak Filtering
Methad (ByHeight |
Threshold Height{) 20 | Ao

Labels and Markers

L -

b. Inthe Peak Info dialog, click the Add button seven times to add 7 peaks. Enter the peak

centers and heights as follows:
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-

.
@Y Peak Info [

B & [+ x

Peak Enable Center Height

1 2 5
2 3 5
3 4 5
4 5 5
5 B 5
§ 7 5

@ [ 4 5

To auto aszsign peak. height, check the "Snap to Spectrum' check box after cloging this dialog.

[ Ok ][ Cancel ]

Click OK to return to the Peak Analyzer.

c. Click Next to go to the Fit Peaks page.

6. Inthe Fit Peaks page:

a. Click Fit Control to open the Peak Fit Parameters dialog.

b. Inthe Peak Fit Parameters dialog, click the Fix or release all peak centers button.

Then click the Fit Until Converge button. When the fitting is done, click OK to return to
the Peak Analyzer dialog.

Auto Parameter Initialization

Farameters Eound&l Fit Cantral
HO. | Peak Type | Param | Meaning | Share |Fixed| Value | Error | Dependency | Lower Conf
u] Gaussian bl base El u] -= - -
1 Gauszlan xe_ 1 center u] 2 -- - -
1 Gaussian a1 amplitude 0 [= [T 6. 01621 -= - -
1 Gaussian w1 FHHN 0 [+ [ 113037 - - -
z2 Gaussian xe_ 7 center a El 8 -= - -
2 Gaussian A2  amplitude O [ [[| & D1B21 - — —
2 Gaussian @ w_2 FHHM 0 [= 1 1.1z037 — == ==
3 (Gausslan xe_ 3 center u] El 4 - - -
3 Gaussian  A_3  amplitude 0 [&] [| & 01821 - - -
3 Ganssian  w_3 FiHM 0 [« O] 1.13087 - - - -
4 | m | b
— ) Al sl na)e| o))
—

c. Click the right-sided triangle button to the right of Dialog Theme in the upper panel.

Select Save As from the short-cut menu. The Theme Save as dialog opens.
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d. Inthe Theme Save as dialog, enter MyFitting after Theme Name. Clear and select the

check boxes as the screenshot below:

B ' Theme Save as... I. ? &I

Fleaze specify a theme name

Theme Name tApFitting -

E Theme Setting
[El Baseline Options

B azeline Anchaor Points
B azline Anchor Pointz will not take effect if Auto Find for Baszeline option is
checked

IJze Basline function in Create Baseline step

B aseline function change in Fit Control dialog will be ignored
El Peaks Options

Peak Centers and Heights

Peak Centerz and Heights will not take effect if Auto Find for Peaks option is =
checked

B Fit Options
Function Selection
Auba Parameter [nitialization Status
Parameter ¥ alues
Skip Baseline Parameters
Fixed Status Only
Fixed Statuz and Fixed Yalue

RO O0FE

Share Statuz
Upper and Lower Boundz
Enable Linear Congtraintz Status

Conztraints

Parameter Formats
Save X/Row Range
All Other Settings

EO0O0O0O0OR

[ k. ] I Cancel I

Click OK to save the theme. This should bring you back to the Peak Analyzer dialog.

e. Click the Finish button in the Peak Analyzer to complete the analysis.

Reuse the theme

1. Start another new workbook and import the file <Origin Program

Folder>\Samples\Spectroscopy\HiddenPeaks.dat.
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Highlight the second column

3. Select Analysis: Peaks and Baseline: Peak Analyzer from the Origin menu to open the Peak
Analyzer dialog.

4. On the first page of the Peak Analyzer, click the right-sided triangle button to the right of Dialog

Theme. From the short-cut menu, pick MyFitting.

L |
® ° Peak Analyzer l =0 |i3_]
Dislog Theme | < default 3 Save as < default>
Save
Goal - Inteqrate Peaks
Save As..
Bazeline Mode Theme Setting...
Bazeline Treatment System Default
Delete...
Compare...

v || <default=

<Last used>

= ] MyFitting
[ M et ] | Finigh | |Eancel| —
[ PeakFinding
|F"3_E|':"3| PeaksTheme0l
Select spectrum data and Goal PeakThemed2

Recalculate |Manual - QuickPeaks {System)

Define a baseline. find and integrate peaks

Goal @) Integrate Peaks
Create Bazeline
Subtract Baszeline
Fird Peaks
Fit Peaks [Pro)

Input [HiddenPeaks1HiddenPeak (4, 8]

[ "]

5. Click Next to check if the settings in every step are correct. Note that in the Find Peaks page,
you can see the peak centers and heights are same as last time.

6. When you reach the last page, click the Fit Control button to open the Peak Fit Parameters
dialog. Make sure that all peak centers are fixed and the values are the same as last time. Click
OK to return to the Peak Analyzer.

7. Click Finish to complete the analysis. Check the results to see whether they are the same as the

results we got last time.
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4.4.7.4 Setting the Fix, Share Status or Bounds for Multiple Peak Parameters
Simultaneously

Summary

When performing peak analysis, one often wants to fix parameter values, or share parameters
between multiple peaks, or specify bounds. If your data has a few peaks, you can simply perform
these settings for each peak. But if your data has many, it may be time consuming to set individually.
To make the process more efficient, the Peak Analyzer offers context menus which can allow you to
set the fix, share status or bounds for multiple peak parameters simultaneously. For more details
about these settings, please refer to the Origin Help File.

Minimum Origin Version Required: OriginPro 8.0 SR6
What You Will Learn

e How to set share status of multiple peak parameters simultaneously.

e How to set upper bounds and upper bound values to multiple peak parameters simultaneously.

1. Start a new workbook and import the file <Origin Program
Folder>\Samples\Spectroscopy\Positive & Negative Peaks.dat.

2. Highlight the second column and select Analysis: Peaks and Baseline: Peak Analyzer to open
the Peak Analyzer dialog. In the first page (the Start page), select the Fit Peaks radio button in

the Goal group. Then press the Next button to go to the next page.

3. Inthe Baseline Mode page, select Constant with the Baseline Mode drop-down list and
choose Mean in the Constant group. Then click Fit Peaks in the wizard map to directly go to

the Fit Peaks page.

475



Tutorials for Origin

B Peak Analyzer

Dialog Theme >

.—| Goal

Baszeline Mode

Bazeline Treatment

ﬁ Find Peakz

Fit Peaks

[ Presy ] [ Fet ] [ Finizh ] [Eancel] %

pa_bazemade

Baszeline Mode | Constant "

El Constant
= 241368

) Minimum
) Maximum
(%) Mean
) Median
() Custom

4. In the Fit Peaks page:
1. click Fit Control button to open the Peak Fit Parameters dialog. In the lower left corner

of the dialog, set the fitting function to Voigt.

2. Make sure the Parameters tab is active and then select 1 in the Share column of the
wG_1 row. Then right click on it and select Apply Same "Share" to All wG. Then

you will find that all the parameters with the wG prefix are shared in the same group.
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Data Analysis

o

Buto Parameter |nitialization
Parameters | Bounds
MO, | Peak Type Faram bl eaning Share | Fined W alue Eror | Depern

1 Constant [ unknown 2.41368
1 "oigh we_ 1 center 1] ] 30
1 "oigh A1 area 1] ] B30, 72758

II"'II':'Q" & au:s::z:i-n I"I"Ii'th n ] Apply Same :E.-I';a-r'é; ko All wi
1 "oigh wl 1 Lorentzian width 1] Clear "share"
2 Woigh MC center 1]
2 Woigh A2 area 1] ] -a09.87a3
2 Woigh wim_ 2 Gauszian width 1] ] h.29302
2 Woigh wl__ 2 Lorentzian width 1] ] h.29302
3 Yoigh we_ 3 center ] [] 110
3 Yoigh A 3 area ] [] -127E.03849
3 Yoigh wim_ 3 Gaussian width ] [] h.29302
3 Yoigh wl 3 Lorentzian width ] [] h.29302
4 Woigh we_ 4 center 1] ] 170
4 Woigh A 4 area 1] ] 481.05301
4 Woigh wiz_ 4 Gauszian width 1] ] h.29302
4 Woigh wl__ 4 Lorentzian width 1] ] h.29302

< | —

Voigt vl Al n el vl e]s] s oK ﬂ

Then select 2 in the Share column of the wL_1 row. Then right click on it and select
Apply Same "Share" to All wL. Then you will find that all the parameters with the
wL prefix are shared in the same group. After this, the Parameters tab should look

like below:
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B Poak Fit Parameters

Buto Parameter |nitialization
Parameters | Bounds
MO, | Peak Type Faram bl eaning Share | Fixed W alue Eror | Depe
1 Constant [ unknown 2.41368
1 "oigh we_ 1 center 1] ] 30
1 "oigh A1 area 1] ] B30, 72758
1 "oigh wiz_ 1 Gaussian width 1 ] h.29302 -
Yoigh Lorentzian width 2 ] s2a02 | - | |
2 oigh Mo 2 center 1] ] 0 -
2 oigh a2 area 1] ] -309.8783
2 oigh wihi_ 2 Gaussian width 1 ] h.29302
2 oigh wl 2 Lorentzian width 2 ] h.29302
3 "oigh wo_ 3 center 1] ] 110
3 "oigh A3 area 1] ] -1276.09849
3 "oigh wiz_ 3 Gaussian width 1 ] h.29302
3 "oigh wh 3 Lorentzian width 2 ] h.29302
4 oigh we_ 4 center 1] ] 170
4 oigh A4 area 1] ] 481.05301
4 oigh wiz__ 4 Gaussian width 1 ] h.29302
4 oigh wl 4 Lorentzian width 2 ] h.29302
< | >
ot~ A L] el o)Al A& o )

4. Activate the Bounds tab. Double-click in the cell in the first Gaussian width row and the
second < or <= column. And you will find <= is shown in this cell (the < will be shown if
you double-click in the cell for one more time). Then type 5 into the Upper Bounds

column in the same row.

5. Thenright click on it and select Apply Same "Bounds" to All wG.
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M Peak Fit Parameters

Auto Parameter Initialization
Parameters | Bounds |
M. M eaning W alue Lower Bounds | < or <= Faram cor<= | UpperE

1] unknosm 241368 wll
1 center 30 we_ 1
1 area £90. 72758 A1

5 auzsian width =
1 Loentzianwidth 529802 Apply Same "Bounds” to All WG
2 carter 70 Clear Bounds For All wig
2 area 09,8783 Reset Bounds ko Default
2 Eaussi-.an wilFIth h.29302 Copy "Lower Bounds" of all wi
2 Larentzian width h.29802 1] " "
5 " 1110 Paste "Lower Bounds" ko all w3

center
3 - 1276.09849 Copy Whele Colurmn
3 Gaussianwidth 529802 Paste Whole Column
3 Lorentzian width h.29302 1] s wl_ 3
4 center 170 we_ 4
4 area 481.05301 A4
4 Gauszian width h.29302 L wiz_ 4 {=
4 Lorentzian width h.29302 1] L wl_ 4
< | >
vot v AL #] B Iaa olf]a] s o] ¥

After this, the Bounds tab should look like:
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B Poak Fit Parameters

Buto Parameter |nitialization
Parameters | Bounds |
MO, b eaning Y alue Lower Bounds | < or<= Faram <or<= | Upper Bounds
1 ko 241368 wll
1 center a0 we_ 1
1 area EA0. 72758 A1
Gaussian width 0 < |wE 1] <= | 5
1 Lorentzian width ~ 5.29302 1 s wl_ 1
2 center FiLl wo__ 2
2 area -a09.8783 a2
2 Gauszian width B.29802 1 e wiz_ 2 {= 3]
2 Lorentzian width ~ 5.29302 1 e wl_ 2
3 center 110 wo_ 3
3 area -1276.0984! A3
3 Gauszian width 529802 1 s wiz_ 3 4= ]
3 Lorentzian width ~ 5.29302 1 s wl_ 3
4 center 170 we_ 4
4 area 481.08301 A4
4 Gauszian width B.29802 1 e wiz_ 4 {= 3]
4 Lorentzian width ~ 5.29302 1 e wl_ 4
e,
vogt v A L& KAl olflAa]s] o ] ¥

5. Click the Fit Until Converged button. When the fitting is done, click OK to close the dialog.
6. Back in the Fit Peaks page, click Finish to complete the analysis. See the results in the source

workbook and the graph report.

4.5 Data Manipulation

4.5.1 Setting Column Values

e Setting Column Values

45.1.1 Setting Column Values

Summary

Origin provides several ways to fill a worksheet column with values. Use Auto Fill or script
commands to fill a series of values. Use the Set Values dialog box to define a mathematical formula
to generate or transform a data set. Refer to values in other columns from the same sheet or from
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other sheets and books. Select from a large collection of built-in functions to compute values. Create
variables from metadata stored in worksheets or column headers, and use these variables in your
column formula.

This tutorial will show you how to compute column values by:

¢ Filling a Column with an Arithmetic Series
e Using Built-in Functions
e Using Other Columns
e Using Cell Values
e Using Variables from Workbook Metadata
Filling a Column with Arithmetic Series
Origin provides multiple methods to fill a column with arithmetic series.

Using Auto Fill

1. Enter a few starting values in cells.

& Bookt =
ALK) B(Y) e
Long Mame
nits =
Comments
Fix)
1 1
2 3
3
4
5
i
7
a
4
110 L
[ [+ ]\ Sheet1 / e

2. Select the two cells.

3. Move the mouse to the bottom right-hand corner of the second cell. The cursor will change to

display "+".
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£ Bookt oo s

AfX) B(Y) i

Long Mame
Inits
Comments
F(x)

m

Al
—

w oo |~ | o fem | e | [ pa | =

10

(D RSheett /T e [T

4. Drag the mouse toward the bottom of the column. The column will be filled with 1, 3, 5, 7, ...

Hsookt =
AlX) B(Y) % 4

Long Mame
nits E
Comments
Fix)

(=1 == B = X 1 IS FOUY ) S

10

(<[ [\Sheet1 [« ][

repeatedly copy values instead of generating new values, hold down the CTRL

Note that a row can also be auto filled by dragging towards the right. To
Q key and drag the mouse toward the bottom of the column.

Using Filling A Set of Numbers

482



Data Analysis

1. Right click on the column B and select Fill Column with: A Set of Numbers from the context

menu to bring up the PatternN dialog

2. Enter 23 in the To edit box. Enter 2 in the Increment edit box

Data Manipulation\Worksheet: patternM @
Dialog Theme | = ﬂ

Description  |Set column value for the selected column with numeric
patterned data

From 1

To 23

Increment 2

Mode @ Repeat R andom
Repeat Times for Each Yalue 1

Repeat Times for The Sequence 1

Total Number of Whole Set 12

] | | Cancel

3. After you click the OK button, Column B will be filled with values: 1, 3, 5, 7, ...., 23

Using Data List

1. Click the Add New Columns button +H on the Standard toolbar to add a new column C.

2. Type the following script in the Command window.

col(C) = {1:2:23};

3. Column C will be filled with values: 1, 3, 5, 7, ...., 23

ey
Q {v1:vstep:vn} produces the same result as the function data(v1,vn,vstep).

Using Built-in Functions
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1. Create a new workbook. Import Step Signal with Random Noise.dat from the \Samples\Signal

484

Processing\ folder.

We are going to calculate the moving average of column B, that is, calculating the adjacent
average value at each point of column B.

Click the Add New Columns button +§ on the Standard toolbar to add a new column C.
Highlight this column and right-click, and then click Set Column Values... to open the Set Values
dialog.

In Set Values dialog, click the Search and Insert Functions button Eto search for keyword
adjacent average.

7| Search and Insert Functions @

|adjacent average |

Statistical Functions

Movavg(vd,back,forward)

&' Takes a vector vd, a backward and forward offset, and returns a vector of adjacent

averages. Backward and forward offset are with respect to the current row number.

example: for{(ii=1l;ii=10:ii++) ceol(l}) [ii] = ii; col(2)=movavg(col(l),O,
2} ; fills col(2) with adjacent average values at each point (Note that co1 (2} [3] = (col
(1} [9]+col (1} [10]}/2 and col (1} [10] = col(2}[10])

Double click function name to inzert into Set Values dialog




Data Analysis

4. Double click function name Movavg(vd,back,forward) to insert it into dialog and close the dialog.

i

| Set Values - [StepSignalwit]"Step Signal with Rando... | = | & [s25s]
Formula  weol(l) Col(&) Function Wariables Options

Faow[i]: From <auto: To <autor

CollC) = 13 »] [

movavg (vd, back, forward)

) () (Gea) (30

Before Formula Scripts |

5. Highlight the characters vd. In the wcol(1) menu, point to wcol(2), replace back with 0 and
replace forward with 2. Your formula should look like this:

o ~

7| Set Values - [StepSignalwit]"Step Signal with Rando... | = | & [weGs|
Forrmula  weol{l) Col{A) Function Variables Options

Raow [ Erom <autos To <autos

CollC] = E s3] [

movavg (weol(2) ,0,2)

Recalculate

1 (] () [
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6. Click OK. The last column will fill with the moving average from column B.

% StepSignalwit - Step Signal with Random Moise.dat EI@

AQX) B(Y) cryy @y -
Long Mame time signal with noise
Inits
Comments
Fix)= Movavg(wcol(2),0,2)
Sparklines P _,-l_ﬂ_J_L\-nI_
T

1 1 -0.08277 -0.00402

2 2 0.02274 -0.0171

3 3 0.04793 0.00562

4 4 -0.12202 -0.01638

5 5 0.09091 -0.04684

i G -0.01806 -0.107384

7 7 -0.21336 -0.045822

a a -0.08209 0.02915

] 4 0.1608 0.0521

10 10 0.01875 -0.01883

11 11 -0.02326 -0.02451

12 12 -0.05499 -0.04484

13 13 0.00472 006752 | -

14 14 -nna nA32%7° =
| [ » ]\ step Signal with Random Hoise / |« om al;

- When referring to another column in the same worksheet, you can use index,
short name, or long name to identify the column.

Using Other Columns

We will show you how to use other columns in the Set Values dialog.

1. Create a new workbook. Import US Metropolitan Area Population.dat from the \Samples\Data

Manipulation\ folder.

2. Add a new column to the worksheet (right-click to the right of the last column in the worksheet

and select Add New Column from the context menu). Change the Long Name of the column to

Population/Sg. Mi.

3. Highlight this column and right-click on it. Select Set Column Values to bring up the dialog. Click

the Col(A) menu and choose Col("Population"):A and then enter the / character. Click the

Col(A) menu again and choose Col("Sq. Mi."):B. The formula should look like:
Col("Population")/Col("Sqg. Mi.")

4. Click OK and the column will get computed using data from the other two columns.
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Using Columns from Other Sheets

The Set Values dialog provides an Variable menu to easily insert range variables that point to
columns in other books/sheets, which can then be used to compute column values for the current
column.

7.

Open the project Samples\Data Manipulation\Setting Column Values.OPJ and switch to the
Columns from Other Sheets subfolder.

Right-click on the worksheet tab labelled Sample and select Duplicate Without Data.
Rename(by double-clicking on the current name) the new sheet as: Corrected Sample.

Now you will fill these three columns with data based on formulas that reference columns in the
other sheets. Highlight the first column and right-click on it to select Set Columns Values to open
the dialog. Select Variables: Add Range Variables by selection to open the Select from
Worksheet dialog. With this dialog, you could select a column from worksheet and insert it as a
range variable to the Before Formula Script panel.

When the Select from Worksheet dialog is open, activate the Sample sheet, highlight column A

to select and click the Ebutton to confirm selection and click OK in the appeared Insert Mode
dialog box.
"range r1 = Sample!Col(A);" will be automatically inserted into the Before Formula Scripts

panel. Please rename it as:

range rTime = Sample!Col (A);

Note:There will also be an alternative script which uses index in expression. This script is commented

and will not be executed.

Then enter rTime in the Column Formula and click the OK button to generate data for the

first column and close the dialog
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P

B Set Values - [Bookl]"Corrected Sample™!Col("Time") | = | & || 22 |

Y

Forrnula  weol(l) Col{dA) Function VWariables Options

Raw [i]: From <autos To <autor

cole) - fa () <
rTime

Recalculate

Before Formula Scripts |

range rIime
f/range rl

21Col(1);

Sample 'Col (&) :

ﬁ[ ] ] [Eancel] [.-'-‘-.pply]

1

Highlight column B and column C and right-click on them, select Set Multiple Column Values to

open the dialog. Then select Variables: Add Range Variable by Selection and insert two range

variables one by one(column B in the Sample and Reference sheet) to the Before Formula

8.
Script panel similarly as the previous steps. Rename them as:
range rSample = Sample!Col (B);
9.
and
range rRef = Reference!Col(B);
10.

Now we will edit the range variables in the Before Formula Scripts panel and use another

expression to get the same results. Remove the column names Col(B) of the two range variables

and select Variables: Predefined

follows:

Variables: wcol(_ThisNumCaol) in both lines so it looks as

range rSample

Sample!wcol (_ ThisColNum) ;
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11.

range rRef = Reference!wcol( ThisColNum) ;

12. Then input the following expression into the Column Formula:

rSample - (rSample[l] - rRef[1l])

P

5 | Set Values - Multiple Celumns
Formula wcol(l) Col(A) Function WVanables

Raw [i]: From <autos To <autor
Col [jI: From 2 To 3
weol[] = Fal <] [¢<] [33] [220

=)

Options

riample - (rSample[l] - rRef[1l])

Recalculate

[ ] ] [Eancel] [.-'-‘-.pply]

Before Formula Scripts |

range r3ample = Sample!wcol (_ThisColNum) ;
range rRef = Reference !wcol (_ThisColNum) ;

13.

Data Analysis

14. Click the OK button to generate data for the column B and column C of the Corrected

Sample worksheet.
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-

%Eookl EI@
A B(Y) (@ C(Y) <

Long Mam Time Transducer1 = Transducer 2
LInits sec my my
Sparklines

F(x) rmime reample - rSample[1] - rRef1])

1 0 20.41 8.23
2 1 19.99 8.1v
3 2 20.54 8.1v
4 3 20.84 8.21
5 4 20.47 8.16
G 5 21.13 8.16
7 G 20.41 8.05
g8 7 20.25 8.11
a 8 20.02 7.96
10 a 20.15 7.85
11 10 20.62 798

4 [+ [£ sample } Comected Sample / |« ] v ||

Ll 1. You reference a particular cell value with square brackets, so [1] in the
Q formula above means the first element.

2. You can select Formula: Save and Formula: Load in the Set Column
Values dialog to save your formulas and reload it into other columns to
generate new data.

Using Cell Values

Values contained in specific worksheet cells can be referenced and used to compute the formula for
setting column values. This provides an easy way to use worksheet cells as control cells for updating
values in a column.

1. Open the project \Samples\Data Manipulation\Setting Column Values.opj and switch to the
Cells in a Worksheet subfolder in Project Explorer.

2. Right-click on column C and select the Set Column Values... context menu to bring up the Set
Values dialog.

3. Use the Variables: Add Range Variable by Selection menu item to open the Select from

Worksheet dialog. Then select column G(Value) in this worksheet, click E.
Click OK for the appeared Insert Mode dialog to add its expression to the Before Formula
Scripts panel.

4. Inthe Before Formula Scripts panel, change the name of the range variable to be rControl and

add these additional lines so that the script looks like below
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range rControl Col (G) ;

//range rl Col(7);

int nOrder rControl([2];

int nPoints

rControl[3];

differentiate -se iy:=(1,2

OY:Z(]—/ 3);

)

order:=1 smooth:=1 poly:=nOrder npts:=nPoints

The script calls the differentiate X-Function and passes the cell values from column G as

number of points, which controls the Savitzky-Golay

5.
arguments for polynomial order and
smoothing performed during the differentiation.
6. The Set Values dialog then should be as following:

P

1 | Set Values - [Book3]5heetl!Col("1 st Dervative™)

Forrnula  weol(l) Col{A) Function Variables Options
Raw [i]: From <autos To <autor
CollC] = Ja [le<] << 2] [52]

=)

Recalculate

Before Formula Scripts |

range rlontrol Col{G):
f/range rl Col{7);

int n0rder rControl [2];
int nPoints rControl [3];
differentiate -3¢ iy:=({1,2)
oy:=(1,3):

m

order:=1 smooth:=1 poly:

7. Click OK to close the dialog and see

the results in column C. Now you can try to change the

values in column G, to change the output.
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Note: Allowed values of polynomial order are 1 to 9.

() The graph shown in the worksheet was first created and then embedded into
the worksheet by merging a group of cells.

Using Variables from Workbook Metadata

Metadata stored in the workbook, such as variables saved when importing data using the Import
Wizard, can be referenced and used for computing column values.

1. Open or continue working with \Samples\Data Manipulation\Setting Column Values.OPJ, and
switch to the Worksheet Metadata subfolder from the Project Explorer window.

2. Select column A and right-click to select the Insert menu option. A new column is inserted to the
left of column A.

3. Select the first column (this newly inserted column) and right-click on it. Then select the Set
Column Values menu item to open the Set Values dialog.

4. Select the Variables: Add Info Variable menu item to open the Insert Variables dialog. Select
Numeric int from the Variable Type drop-down list. Expand the USER.VARIABLES node and
click to highlight NUMBEROFPOINTS row with Value as 3800. Press the Insert button to insert
this variable into the Before Formula Scripts panel.

7| Insert Variables [T | (3]

Fleaze ze
Y'ou can
autoupda

fram the st below.
b, aringert az a link to
ifta the warkshest.

Step 1: Select the
Variable Type

Inzert as link,

Step 3. Click Insert
button to insert

Vanable Type Mumeric int = olumn M ame
[Info | Label |
Property Value B
- SYSTEM. NEORT Gtep 2. Select the uan‘amaj
you want to insert

m

[=] [ USEE. YARTABLEZ

K FUMEEROFFOINTS

[ STARTFREQUENCTEHZ 500 i

(] STEFFEEQUENCYEHT 0. 25

1| 1] b

Current Origin Object.  [Bagk4)
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5. Next, set Variable Type to Numeric double. Hold the Shift key down to select both
StartFrequencyKHz and StepFrequencyKHz, and then press Insert to insert these two
variables. Press the Close button to close the dialog.

6. Inthe upper Column Formula panel, input {d1:d2:d1+(n1-1)*d2} and then press the OK button
to generate data and close the dialog. The column will be filled with frequency values.

7. Highlight the first and second columns, right-click on them and select Set As: XYY to change the
plotting designations to X and Y. After you change the long name of the first column to

Frequency, the worksheet should look like:

£ Books o= )
CAC) ALY} B(Y) i
Long Mame Frequency Real Imaginary
Sparklines ' *'
Fix)= [{d1.dZ2:d1+(n1-1)*d2}
1 500 6.35 -4.39
500.25 5.98 -4 27
3 5005 h.86 -3.91
4 500.75 6.23 -3.66
5 501 6.47 -3.42
G 501.25 6.47 -3.3
T 501.5 6.71 -2.69
8 501.75 6.1 -3.05
g9 02 574 -2.32
10 A502.25 6.23 -22
11 025 6.1 -1.71
12 50275 h.86 -2.08
13 503 hid -2.08
14 503.25 5.37 22 -
4E EN2 E s 4 4 07 =
[«[+ ]\ sample / | R |

4.5.2 Worksheet Data Operations

Worksheet Query

Data Reduction

Data Filter

Lock Filter with Analysis

45.2.1 Worksheet Query
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Summary

This tutorial will show you how to use the Worksheet Query dialog.
Minimum Origin Version Required: Origin 8.5.1 SRO

What you will learn
This tutorial will show you how to:

e Extract numeric and time data
e Use an alias in an extraction condition

e Use LabTalk functions in an extraction condition

Dialog overview

Start with a new workbook and import the file \Samples\Statistics\body.dat, click the menu item
Worksheet: Worksheet Query to open the dialog as follows:

7 | Worksheet Query - [bodylbody
File Scripts Function

Columntis:

Ext:| Hame | 1=t ¥alue

riame Eate

age
gende F
heigh

weigh

=== =

Format
1st Value

check all Extract
uncheck all E:rtra@

Select Column Yariables for IF Test

o]l & ]

Alias |Column

ou need to move columng
Lo this list before you can
uze them to build test
conditions. ou can change
the alias by clicking.

Condition:
I [ Add. |
NOT | [(]
Fiows Found © - [ Test - zelect if iue ]
Fow [i] From 1 To 0 Al Rows [40]
Output:
Recalculate
() &dd a colurn of 1=tue, D=falze
() Extract to Mew ‘Waorksheet —
(@) Extract to Mew Workbook | Apply |

() Extract to Specified Sheet
(1 Fill with Specified Calar
() Select

Cloze

| o

Basically, there are two main panels in the Worksheet Query dialog. The left panel lists all the
columns in the active worksheet, you can right-click and select some column properties you want to

see, such as Format, 1st Value, etc.

Note the Extract column in this panel, only data selected in the Extract checkbox will be extracted.
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The right panel is where you set and test extract conditions. For example, you can select the column

you want to use in the extract condition, and then click the = Ioutton to move it into the Select
Column Variable for If Test group.

Set the conditions

Extract Numerical Data

When there are available columns in the Select Column Variable for If Test group, the Condition
edit box becomes editable for you to set conditions. For example, select height and weight to the

group, Origin will automatically set an alias for each column. You can click into the Alias cell and
rename the alias:

Double-click to

rename Alias  Efor If Test

Colurmn

weight

These alias can be used directly in the extract condition. Let's keep the default alias, h and w in this
example.

The buttons on the right side of Condition edit box can be help to establish extract conditions. For
example, to extract data that is no less than 160cm, highlight the column on Select Column Variable
for If Test and click Add... button and build the first condition as follow:

x| o s

gl

ary ztring of characters; """ any gingle character

Column Yariable h -
Operator [ r= -
Yalue 160 -

[ (] ] [ Cancel ]

Click OK to close the dialog. When there are multiple conditions, you can also combine these
conditions by logical operation using AND, OR, NOT buttons. Now click AND button and then
highlight w on Select Column Variable for If Test group and click Add... button again, this time, we
are looking for weight no greater than 50kg:
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x> [ B ]

[

any string of characters; "' any zingle character

Column Yariable w -
Operator | {= -
Value ] -

k., ] | Cancel

When the condition is done, click All Rows button to select all rows, then click the Test -- select if
true button and Origin will return 5 found records. Of course, if you familiar to logical operation
syntax, you can type the condition on the edit box directly:

h>=160 AND w<=50

Accept other default settings and click the OK button. A new workbook is created with these 5
records.

Extract Strings

When extracting strings, you need to enclose the string by double quotation marks ". For example,
select the gender column into the Select Column Variables for If Test group. Using the alias g, you
can extract all female data by:

g == "E"

Extract Time Data

Date and Time data are internally saved as numeric values in Origin. Date is the integer part of the
numeric value, while Time is the fractional part. In Origin, you can use the int() and frac() functions to
return the integer and fractional part of a number, and use the Date(MM/DD/YY) and
Time(HH:mm:ss) functions to transfer string to time data. We can combine these functions to extract
time data.

For example, using data from Import Time Data tutorial, you can extract data within time period 10:00
~11:00 by:

frac(B) > Time (10:00:00) AND frac(B) < Time (11:00:00)

You can see Origin found 120 records. Similarly, if you want to extract Date data, you can try some
condition like:

int (A) > Date(01/24/2004)

4.5.2.2 Data Reduction

Summary
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Data Analysis

Worksheet datasets can be reduced in size using various tools. Origin offers six tools which can be
used for data reduction, including the Data Filter, Worksheet Query and four data reduction x-
functions, which reduce the number of data rows by different methods.

Minimum Origin Version Required: 2015 SR0O

What You Will Learn

In this tutorial, you will learn how to:

Steps

Reduce XY data by Group

Reduce worksheet rows

Reduce to Evenly Spaced X

Reduce XY data to evenly spaced X
Reduce Duplicate X Data for XY dataset

FEES

1. Create a new workbook and click the " |button to import the file Signal with High Frequency

Noise.dat under <Origin EXE folder>\Samples\Signal Processing path.

Highlight column B and select Analysis:Data Manipulation:Reduce to Evenly Spaced X to

open the reduce_ex dialog. Edit the settings so that they match the following.

% | Data Manipulation: reduce_ex

Dialog Theme | =

Description | Average data points to reduce data size and make even spaced ¥

ﬂ Preview

Recalculate b arwal A

Input |[SignalwithHig]"SignaI with High Frequency Moize"l[4 B)
SubGroup | By Sampling Interval -
Sampling Interval 0.3 Auto

Input Sampling Interval: 0.01905
MNew Sampling Interval: 0.3

X Start 1

X End 40

| Auta
V| Ao

Sampling Method |"r’ Mean

Plot FFT for Preview

|I’u|
Fr |

Dutput |[<auto><>,<new>]

IIaul
d

R =

| Auto Preview Preview

Cancel &I

E e ez
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3. Click OK. A new column (column C) is added to the worksheet. This column contains its own
sampling interval information. Right click on its column header and select Show X Column.
In the Show X Column: colshowx dialog box, click OK to generate an X column using the
sampling interval. You can see that the original XY dataset has been reduced by generating a

new, larger sampling interval.

% SignalwithHig - Signal with High Frequency MNo... EI-@

AX1) B{Y1) D a Cf‘\’#}lﬁl.
Long Mame ReduceEX
Inits
Comments Generated ¥ Mean(x
e Average)
. Stats
Sampling .
Info of © Reduction
of B
Fix)=

Sparklines / h F“

121 3.28627 5.45477 ar1s | 0.01108
122 3.30532 493594 37.45 -0.1918
123 3.32438 435703 ar75 | -0.03399
124 3.34343 3.87166 38.05 | -0D12322
125 3.36248 3.41072 3835 | 0.07485
126 3.38153 2.826 38.65 | -0.00137
127 3.40059 2.05593 3895 -0.12254
128 341964 1.17457 39.25 | -0.17762
128 343869 0.40375 3955 | 010425
130 345774 0.08745 39.85 | -0.26257
13 34768 0.40962

132 3.49585 1.28452

133 3.5148 242692

134 3.53385 3.65674

135 3.553 483102

136 3.57206 5.628

137 359111 5.83541 —

IE'\ Signal with High Frequency Noise / | 4 1] b |r

4. Highlight column B and C (hold down the Ctrl key for multiple selection), and click the d button

to generate a line plot for original (Black) and reduced (Red) data.

5. You can see from the plot that the data size is considerably reduced:
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Graphl EI@
1
@ 15 - B
—— Y Mean(X Average) Stats Reduction of B
10 4
5
m )
| I
|
04 I I |
|
-5
-10 T T T T T
] 10 20 30 40
A

Reduce Duplicate X

=

1. Create a new workbook and click the = button to open the Import Wizard. Select the data files
StepOl.dat, Step02.dat and Step03.dat under the file path <Origin EXE Folder>\Samples\Curve
Fitting\. Change the Import Mode to Start New Rows and make sure the default import filter

step is applied. Click Finish to import these data files.

2. Highlight column A and B, select Analysis:Data Manipulation:Reduce Duplicate X Data to

open the reducedup dialog. Duplicate the settings as depicted below:
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7 | Data Manipulation: reducedup
Dialog Theme | =

Description  |Reduce data to consalidate 357 pairs with same ¥ values

Recalculate b aral -

Input |[B ook1]5heet1 1[4 " cone] 7 B conc1 7
Replace ¥ With Sum -
Tolerance 1E-8
Dutput |<new>![<new>,<new>] %
E| [¥] Duplicate X Counts [[emews <rews] E]
E Range 1 [[emews <rews] E]
® |< FEAs
Ay |< =l

Auta Preview Presiew Ok Cancel

<input=: X¥ = input XY

<new>: New XY

—_

<news![<new>, <news=): New Sheet l

[<new=>]<new=>![<new>,<new:=}: New Book
Reset
Range String Builder

Select Columns...

3. Click OK to apply settings and in the results sheet Sheet2, we can see that for each X value,

3 duplicates are found. In the reduced dataset, the Y values for each duplicated X have been

replaced by the sum of the Y values.
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P "

] Bookl - Step03.dat o[- [
AQC1) i, B(Y1) C(x2) D(¥2) -
Long Mame | ReduceDu  ReducelupY Cupx1 CupXCountt
Inits
Comments Duplicates
replaced with Sum
of "conc1?” |
Fix)=
1 ] ] 0 3
2 1.6 -0.01038 1.6 3
3 3.2 0.00635 32 3
4 48 -0.01886 48 3
5 6.4 -0.00427 6.4 3
i a 0.02093 a 3
T 9.6 0.065 9.6 3
a 11.2 0.00214 112 3
g 12.8 006268 128 3
10 14.4 006262 14 4 3
11 16 010034 16 3
12 17 .6 0.06281 17.6 3
13 19.2 0114949 192 3
14 208 01214 208 3
15 224 0.12543 224 3
16 24 0.13385 24 3
17 256 0.18195 256 3
18 272 0171349 272 3
19 28.8 0.138 288 3 =
4| » [\ sheet1 } Sheet2 f || « i H|

Reduce/Combine Duplicate Rows

1. Go to Sheetl of the previous section, highlight column A and select
Worksheet:Remove/Combine Duplicated Rows... to open the wdeldup dialog. Select
Average from Merge Duplications by drop-down list, and click the right-sided triangle button
on the Output Worksheet row to select <new>:New Sheet and check the Output Counts

box and click OK.
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% | Data Manipulation\Worksheet: wdeldup @
Remove rows in a worksheet bazed on duplications in one column
Recalculate
Reference Column |[E ook1]5hest1!1 E]
Merge Duplications by [.ﬁ.verage v]
Casze Sensitive [l
Dutput Workzheet |<new> % E]
Output Counts
1] ] [ Cancel ]

2. Entire worksheet rows are reduced into the average values of merged rows which are
determined by duplications in the selected column. A new column Counts is added to the
end of the result worksheet wdeldup and it reports the number of duplicates found for each X

value.
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P "

] Bookl - Step03.dat =R <=
MET) NYT) O(x8) PiY8) QiyYs) i
Long Mame conc23 concz23 conczZd concz4 Counts
Inits
Comments | Sensor G SensorGy SensorHx SensorHy
Flx)=
1 1.2 0 1.4 ] 3
2 28 011737 3 017448 3
3 44 027997 4.6 041884 3
4 i] 0.40171 6.2 0.57955 3
5 7.6 0.51825 78 0.68073 3]
i 9.2 0.63123 9.4 0.76457 307
7 10.8 0.69611 11 0.81905 3
a 124 0.75454 126 0.89249 3
4 14 082426 142 0.88688 3
10 15.6 0.84269 158 0.93241 3
11 17.2 0.86731 174 0.9457 3
12 18.8 0.80261 14 1.00258 3
13 204 093424 206 098714 3
14 22 0.94843 2232 1.03746 3
15 236 0.895477 238 1.0414 3
16 252 0.898433 254 1.03587 3
17 26.8 0.88297 27 1.05837 3
18 284 099487 286 1.07505 3
19 30 1.01113 302 1.08614 3
20 316 1.03864 318 1.07638 3
21 332 1.04718 334 1.10826 3
22 348 1.03794 35 1.11607 3
23 364 1.04631 36.6 1.12785 3
24 38 1.07383 382 1.14673 3
25 39.6 1.06616 388 1.13881 3Ip
26 41.2 1.07251 41.4 1.14844 C—
1| ¥ [\ Sheet1 4 Sheet2 } wdeldup / || « m ¢ |

W The tool Reduce Duplicate X works for XY dataset only, while the tool
Q Remove/Combine Duplicate Rows works for an entire worksheet.

You can also remove duplicate XY data from an XYZ dataset by using the
Statistics on Columns tool, please refer to this Quick Help.

Reduce by Group

1t
1. Open a new workbook, then click the " putton to import the Magnetization.dat file under
<Origin EXE folder>\Samples\Data Manipulation path.

2. Highlight columns A and B and click the 4 button to generate a line plot.
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3.

4.

504

Activate this graph and select Analysis:Data Manipulation:Reduce by Group to open the

reducexy dialog.

Edit your settings as below:

P

7 | Data Manipulation:

Dialog Theme | =

reducexy

Description  |Reduce # data by sub-group statistics according to 2's distribution

Recalculate

Input

SubGroup Method

¥ Increment

 Start
X End

Merged X by

Merged ¥ by

Output

|[I3ra|:|h1 1" Temperature" E]

[B_l,l * Increment v]
3 [ Ao
Input Humber of Points: 1819, Dutput Number of Points: 1100
1] Auta
32933 Auta
[.&verage v]
[.-’-'werage v]

|[<new>,<new>] E]

Prewview [ ak ][ Cancel ]

Click OK to reduce the data. The reduced XY dataset will be added as two new columns at

the end of original worksheet:
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% Magnetization - Magnetization.dat I?HE”E'
A1) B(Y1) con | by | By | R o) @ w2 @) ¢
Long Name | Time Stamp  Temperature Magnetic Field Moment M. Std. Err. | PPME Statug | ReducedX1  Reducedy
Units sec K Qe emu emu code
Comments Reduction
with Average
of
“Temperatur
-
F{x)=
762 14622 19.95 929.9 2.7E- E 4449 32622 30
763 14632 19.95 920.9 ﬁ###### 2.3E-6 4449 3265.2 30
764 1464.2 19.95 910.2 | #HEHHE IE-G 4449 32682 30
765 1465.3 19.96 8005 2.8E-6 4448 3271.2 30
766 1466.3 19.96 8894 3E-6 4449 32742 30
TE7 14673 19.96 8783 A 2.2E-B 4449 3277 .2 30
768 1468.4 19.96 B66.3 | #HHHH 2.8E-6 4449 32802 30
769 1469.4 19.96 855.1 | HHHHE 2E-6 4440 | HHHHHRHEH 30
770 1470.2 19.96 8449 HHHHE 2.5E-6 4440 | HHHHHRHEH 30
LA 1471.3 19.96 8338 R 1.5E-6 4440 FRRERTT 30
72 14724 19.96 8216  #HHEHHH 1.8E-6 4440 FERERETR 30
773 14734 19.96 8103 | 1.6E-6 4440 FERERETR 30
74 1474.3 19.96 8001 | 1.5E-6 4449 3298.3 30
775 1475.3 19.96 7903 1.32E-4 1.4E-6 4449
776 1476.4 19.96 T79.4 | HHHHAR 1.4E-6 4449
77 1477 .4 19.96 T68.1 | HHHHA 1.8E-6 4449
778 1478.3 19.96 THE | HHHEHHE 1.8E-6 4449
779 14794 19.96 TA46.8 1.7E-6 4449
780 14804 19.96 T35.T | HHHAHH 2.3E-6 4449
781 14814 19.96 T24.5 | A 1.9E-6 4449
782 14824 19.96 7133 | A 1.5E-6 4449 il
|« [ » [\ Magnetization / || « m Wl

5. The reduced XY dataset is added as a new data plot to the original graph:
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Reduce Worksheet Rows

506

1.

Graphl El@
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Open a new workbook, then Click the B button to import the file Nitrite.dat (path is <Origin

EXE folder>\Samples\Spectroscopy). There are 6392 data points in this file.
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P "

] Nitrite - Nitrite.dat o= | ]
ALX) B(Y) o
Long Mame Time Waoltage
Units
Comments
Fix)=
Sparklines
.//—// I ..|.|.| l"
5383 0.3544 1.7
G384 0.3544 1.8
6385 0.3544 1.5
5386 0.35441 1.9
6387 0.35441 1.1
5388 0.35441 1.9
£3589 0.35442 17
6390 0.35442 1.4
6391 0.35442 15
£392 0.35442 1.8
6393
6394
6395
6306 -
R207 il
[« [+ I\ Nitrite / | Y | Y

2. Highlight both columns in the Nitrite worksheet and select Worksheet:Reduce Rows to open

the wreducerows dialog, and edit the settings to match the image below:
Data Manipulation\Worksheet: wreducerows @

Dialog Theme | = ﬂ

Description  |Reduce workzheet rows by deletion or mergence

Recalculate Ao -

Input [itrite]Mitritel:2 D
Reduce Method IDelete M rowsz, then skip M rows v]
Delete Rows [ 3 ]

Skip Rows 1

Starting Row to Delete [2 ]

Dutput |<new> @m

[ Ok ] I Cancel I
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Note: You can select the arrow button right to the Output select box and choose <new>:New

Column(s) to make the selection.

3. When you click OK, only the first of every 10 rows is kept. Ninety percent of data points are

discarded. Remaining data points are output to new columns:

P "

] Nitrite - Nitrite.dat o= | 3]
A1) B(Y1) cx2)® bpy2)®| -
Long Mame Time Voltage Time Yoltage
Units
Comments
Fix)=
Sparklines /_/_,/‘ u
__-..-.-I-J.L.n.l-ll-l.l-.-vJ =
624 033776 1.3 0.35425 1.5
635 033777 0.9 0.35428 1.5
636 033777 0.5 0.35431 1.1
637 033777 0.8 0.35434 1.6
Gaa 033777 0.9 0.35436 2.1
G249 033778 0.8 0.354349 2.5
G40 033778 0.8 0.35442 1.5
641 033778 1.2
G642 0.337749 14
G423 0.337749 0.9
644 0.337749 0.8
645 0.3378 0.9
646 0.3378 0.9
647 0.3378 0.8
G448 0.3378 14 il
G449 033781 07 —
[« [» I\ witrite / | « ]

4, Select the entire worksheet and click the 7 button to generate line plots for original (Black)

and reduced (Red) data:
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Grapht =
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5. Note that peak heights were changed with data reduction. To maintain data plot shape, we should
keep more data points. Click the green lock on Graph 1 and choose Change Parameters to open

the wreducerows dialog again. Change the value of Delete Rows to 3 and click OK.

6. This time 25% of data points were kept, better preserving the shape of the original data plot.
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4.5.2.3 Data Filter

Summary

The Data Filter is a column-based tool to reduce rows of worksheet data, and consequently also hide
the undesired rows for relevant data analysis and graphing. Three data formats are supported:
numeric, text and date/time.

Minimum Origin Version Required: Origin 2015 SRO
What you will learn
This tutorial will show you how to:

e Use the data filter to reduce worksheet data
e Auto update the graphs and analysis results when apply a column filter

e Add a floating graph to a worksheet.

Steps
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1. Create a new workbook by clicking the New Workbook button £

4.

5.

ity

path. Both buttons are located in the Standard toolbar.
Highlight column C(Power), right click and choose Set As:X in the context menu to set this

column as X.

Highlight column C and G (hold Ctrl key when clicking), click the

toolbar to generate a scatter plot from these two columns.

Data Analysis

. Then click the Import Single

ASCII button B to import the automobile.dat file in the <Origin Folder>\Samples\Statistics\

" button on the 2D Graph

Activate the generated graph and select Analysis:Fitting:Linear Fit from menu item to open

the Linear Fit dialog. In this dialog, set Recalculate to Auto to ensure auto update of the

analysis result, accept other settings as default and click OK to carry out the analysis.

Linear Fit

Dialog Theme

Description  Perfarm Linear Fitting

Auto -

Recalculate

Multi-Data Fit Mode ‘lill!_m@__-
El Input Data |[I3ra|:uh'l]'|!1"Engine Dizplacement'
Range 1 |[I3ra|:uh'l]'|!1"Engine Dizplacement'

A fitted curve and a result table will be added to the graph, activate the graph again and

double click on the X axis to open the Axis dialog, Select the Horizontal icon in the Scale

tab, choose Auto for Rescale. Do the same for the Y axis (Vertical icon) and also set its

rescale mode to Auto. Click OK to apply the settings and close the dialog.
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5| X Axis - Layer1

-

==

J Scale | Tick Labels | Title | Grids | Line and Ticks | Spedial Ticks | Breaks |

From 20 T
To 180
Type Linear -
Fescale [Auto "D
Rescale Margin(%:) 8 - x
Reverse [ 1
E] Major Ticks

Type [By Increment -

Value 20

First Tick
Minor Ticks :

Coovtons ] [oc ) [cancel ] [y

6. Go back to the original worksheet automobile, click the Add New Columns button ﬂseven

times to add seven new empty columns to the end of the worksheet to work as background later.

7. Right click in the gray area of the worksheet and select Add Graph... in the context menu to

open the Graph Browser, in this dialog, select the previously generated graph in the left

panel and click OK to add this graph as a floating chart to the worksheet. Resize and move

the floating chart for clearer view.
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automobile. dat

& autemobile -

Data Analysis

AR [ B0 | COE) (DO | EYZ | FIFZ) B2} HIYZ) (L] JOFZ) KI¥Z) LivT) MT) HYE)
Laong Name 060 ’ Gas Engina
ear Make  Fower mph Welght Wigage Displacernent
Linits bw | s L] mag o

Cormments
P WL T ST

1] 1993 Buick 133 14 2230 i STI65

| 1995 Acura 154] 12| 33 " i3 LEIE:FDIBHTMMTJLEG'E'QM Displacement”

2| 1997 GMC 158 132 1831 10 a900. 4 BO00 .

4] 1992 Chysler 1337 10 088 1% BITT 4 .

5| 1992 Mia 12 12 um 2 57365 000 - =

6| 1992  Sunuk 106 10 1917 14 57365 . . mem -

7| 1992 Voo 95 14 1661 13 5031.7 & 000 — .

— L ] - L

B| 1992 Mercedes 132 14 2208 12 5TIES E i .

9| 1992 Acura 128 13 1412 12 5TIES & E000 4 ll‘,“ -

10| 1902 tsuza 124 17, 1518 13 50004 & .

11 1993 Mazda 110 0] e 13 EF £ 00 e —— —

13| 1997 Lewus 116 14 1@@n 13 srsze| £ il s e

13| 1993 Tovala 126 17, 1696 14 5500 4 = . e

14] 1952 Sasn M0 15 4ER 13 [FTF] B oo Surm 54

15| 1992 Lewus 94 15 1536 13 [LTTE | T

16| 1992 ¥ 148 17 14 12 70313 1000 d WSquer | 079087

17| 1992 |voivo 152 9 1542 12 70313 ] Vius  Slawied B

18| 1902 Winili 17 15 1Tse 12 57365 & . Engne  Inbespt -GS 8385 (87 17EF

18| 1982 Honda 147 i@ 2140 10 5001.7 D i Hasament Sl g 1 S0

20| 1902 |Miszan 10 13 147 11 ESSE T

21| 1992 Salurn 185 14 1730 12 TAET 4

72| 1907 Mazds 138 15 1820 13 556

23| 1993 Buick 123 1% 1082 F E555

34| 1992 GMC 128 13 @005 1% E585

25| 1992 Lincoin 95 10 2106 14 [EITE

26| 1992 Tovots W2 11 ATsl 13 [LTTE =

T Ty atemabite £ Filrean Jf Filreatiave J I < |

8. Highlight column A and B and click the Add/Remove Data Filter button e on the Worksheet

Data toolbar to add empty data filters to both columns.

9. Click the Filter icon §¥'on the column header of column B, clear the check boxes before

Buick, Chrysler, GMC, Kia, Lincoln, Mercedes, Saab, Volvo to hide all rows with these

entries, to leave only the Japanese makers. Click OK to apply the filter. The worksheet data,

graph and analysis result will all be auto updated accordingly.

513




Tutorials for Origin

Clear Filter

Enable Filter

Custom Filter. ..

Acura

[ ]Buick

[ ]Chrysler
[]aMC
Honda
Infiniti
Isuzu
[kia
Lexus

[ ]Lincaln
Mazda
[ ]Mercedes
Missan
[]5aab
Saturn
Suzuki
[+]Toyota
[Jvolvo

10. Click the Filter icon {¥on the column header of column A and select Between, note that the data

11.

type of column A is numeric by default from importing. Accept default setting of the Between
dialog and click OK. A data filter is applied to this column.

Again click the Filter icon #0n column A and this time choose Custom Filter in the context
menu to customize the filter, change the Condition as x.between(1996,2000) to set the From
and To value respectively, click the Test button and in the original worksheet, only the rows meet

this testing condition will be highlighted, this works as a preview of the data reduction.

Notes: In order to view the whole worksheet at this stage, you can minimize the Custom

Filter dialog, then scroll up and down the worksheet freely. You can later restore the dialog

for further settings.

12. Click the OK button to apply the new filtering condition and the data, graphs and analysis
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results are updated and the graph is also auto rescaled.
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45.2.4 Lock Filter with Analysis

Summary

Generally, when graphing or analysis is done on data with a filter, changes in the filter condition of the
source worksheet trigger recalculation for the analysis results and graph.

However for Copy Columns and Pivot Table, in the Recalculate lock icon context menu, there are
three worksheet filter options. These are used to control whether the results will be affected by further

filter changes.
Minimum Origin Version Required: Origin 9.1 SRO

What you will learn

Steps

How to copy columns to a new sheet or new workbook
How to lock a Data Filter condition on copied columns

How to push back the Data Filter condition to the source worksheet

Import the Origin sample data automobile.dat which is located in <Origin Program Folder>

\Samples\Statistics.
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2. Highlight the Make column, then right-click and select Filter: Add or Remove Filter in the

context menu or select the Filter button from the Worksheet toolbar.
Set As Categorical

g Set Column Values.., Ctrl+}
Set Multiple Columns Yalues... Ctrl=5hift+Q

Fill Column with b
Set Sampling Interval...

Show X Column...

Filter 5T  Add or Remove Filter
fask k R Enable/Diisable Filter
Mask Cells by Condition... % Reapply Filter

T

3. To show only the Honda data, click on the filter icon that appears on the top left of the

column's first cell. Choose Select All to clear all the options. Select Honda. Click the OK button.

" .1

%autn:nr‘r'ln:-l::lile-autn:nr‘nn:-l::lile.dat = || @] 22|

Long Mame
Units
Comments

Clear Filter

Enable Filter

Fix) Custom Filter...
Sparklines
w
Filter || Acura
-] Buick
~[] Chrysler
2 G 2:
4 ----|:|Is uzu 20
5 [ kia 1z
4] |:| Lexus 1¢
7 -] Lincaln 1¢
8 [ Mazda b 20 _
g |:| Mercedes o—
IEI\Mmmbile ~[|Missan ’1|r
|:| caab .
|:| Saturn
|:| Suzuki
|:| Toyota
|:| Valvo
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4. To copy columns to a different sheet, hold down the CTRL key and select the Make, Power and
Engine Displacement columns. Next, right-click and select the Copy Columns to... in the
context menu.

5. Inthe colcopy dialog, select Auto in the Recalculate drop-down list. Make sure the Destination
Columns is set to a new worksheet in the same workbook. A new sheet with the copied columns
will be created.

Data Manipulation\Worksheet: mlccpyL @lﬁ
Dialog Theme | = ﬂ

Description | Copy column data with format and column labels

(Recoiciae D

Source Columns |]autn:nmn:n|:nile!2:3,[autn:-mn:nl:nile]autn:nmn:nl:nile!?] E] I
Deszstination Columns |<new>!<new> % E]
Copy Data

Copy Format

Ignore Hidden Rows
Copy Labels

)4 ] [ Cancel ]

L I :IJJ

6. Click and drag the sheet tab of the copied worksheet to blank Origin workspace. This will create a

new workbook to hold the copied data so the copied data and original data can now be compared
side by side.

7. Click on the green Recalculate lock icon on the top left of the first cells' in the columns of this
copied sheet. Select Worksheet Filters: Lock in the context menu. The filter conditions will be

517



Tutorials for Origin

saved into the operation.

% Bookl

orv 15 o 15 |

AlY) f
Long Mame
nits
Comments
Flx)=

Honda
Honda
Honda
Honda
Honda
Honda
Honda
Honda
Honda
gl'}|Honda
ial | Honda
iy |Honda

Recalculate
Change Parameters...
Delete

Goto Source

Recalculate Mode: Manual
Recalculate Mode: Auto

Recalculate Mode: Mone

Show Info [colcopy)
Generate Script
Copy Operation

Repeat this for All ¥ columns

=3 (Honda
E8(Honda

. Waorksheet Filters: Lock

ikl (Honda
il (Honda
Wl (Honda

Worksheet Filters: Reload

Worksheet Filters: Push Back

gt:) |Honda
g |Honda
20
21

38 12456
52 14587

27
L[ » ]\ sheet1

| «

—
I 2 ||

8. In the source worksheet, add Data Filter to Power column, and click on the filter icon to select

Greater Than.... In the Simple Number Filter dialog, set Value to 100, and click OK. The filter

will show only the Power data above 100 in the original workbook but since the filter was locked

in the copied workbook the data in it will no longer update.

9. The filter conditions on the original workbook were changed and in order to set them back to the

way they are in the copied workbook, use Push Back. In the copied sheet, click on the green lock

in column(A) and select Worksheet Filters: Push Back from the context menu. This will result in

the data filter condition in the original workbook being pushed back so that the filter condition set

on Power no longer applies.

to the same worksheet, the options are not shown in the Recalculate lock icon's

Q The lock filters options are just available in the new result sheet. If copy column

context menu.
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4.5.3 Pivot Table

4.5.3.1 Summary

The Pivot Table provides a quick way to summarize your data, and to analyze, compare, and detect
relationships in your data. This tool can sort, count, sum, or compute minimum, maximum, or mean of
data stored in a worksheet.

Minimum Origin Version Required: Origin 2015 SRO

4.5.3.2 What you will learn

e How to summarize data by a Pivot Table.
e How to sort output by row or column totals in Pivot Table.

e How to combine small values in columns or rows, and custom extra value.

4.5.3.3 Import Data from Database

1. Before creating a pivot table, we should can import data from database. Suppose we have
already set up a database named AdventureWorks2008R2 on a server machine - myServer -
running SQL Server, with user name as "accounting", and password as "mydatabase".

2. To connect the database, we use a connection string:

Provider=SQLOLEDB. 1; Password=mydatabase;Persist Security Info=True;

User ID=accounting;Initial Catalog=AdventureWorks2008R2;Data

Source=myServer

3. Activate an empty worksheet and open SQL Editor by clicking the Open SQL Editor button

on the Database Access toolbar.

Database Access w X

Py S Ks

!/’ Open 50L Editor

Edit Worksheet 5QL Query with SQL
Editor

4. Select menu item Edit Connection String... from SQL Editor's File menu, in the open dialog,
put the connection string (see step 1 above) to the text box. And then you can click the Test
button to test if the connection is fine. If fine, click the OK button to connection to the

database.
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Connection String

sword=mnydatabase;Fersist Security Info=True;User ID=accounting;Initial Catalog=AdventursWorks2008R2;:Data Source=mySery] »

|
Test i Ok i Cancel

5. In the right text box, put the following SQL statements.

SELECT

DatePart (yyyy, SOH.OrderDate) AS YEAR,

CR.Name As CustomerCountry,

Pr.Name As ProductName,

Pr.Color As ProductColor,

PC.Name As ProductCategory,

PS.Name As ProductSubcategory,

SOH.OrderDate As OrderDate,

SOD.OrderQty As OrderAmount,

SOD.LineTotal As TotalCost

FROM Person.CountryRegion AS CR

INNER JOIN Person.StateProvince AS SP

ON SP.CountryRegionCode = CR.CountryRegionCode

INNER JOIN Person.Address AS A

ON A.StateProvincelID = SP.StateProvinceID
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INNER JOIN Person.BusinessEntityAddress AS BEA

ON BEA.AddressID = A.AddressID

INNER JOIN Person.Person AS P

ON P.BusinessEntityID = BEA.BusinessEntityID

INNER JOIN Sales.PersonCreditCard AS PCC

ON PCC.BusinessEntityID = P.BusinessEntityID

INNER JOIN Sales.SalesOrderHeader AS SOH

ON SOH.CreditCardID = PCC.CreditCardID

INNER JOIN Sales.SalesOrderDetail AS SOD

ON SOD.SalesOrderID = SOH.SalesOrderID

INNER JOIN Production.Product AS Pr

ON Pr.ProductID = SOD.ProductID

INNER JOIN Production.ProductSubcategory AS PS

ON PS.ProductSubcategoryID = Pr.ProductSubcategoryID

INNER JOIN Production.ProductCategory AS PC

ON PC.ProductCategoryID = PS.ProductCategoryID

--WHERE SOH.OrderDate BETWEEN '1/1/2005' AND '12/31/2008'

6. Select menu File: Save to Active Worksheet to save these settings to the worksheet, and then
select menu Query: Import to import the data into worksheet, and then close SQL Editor. We

can see the imported data form the image below.

521



Tutorials for Origin

& Bookt E=R[EER =
% A B(Y) cev) D(Y) B | F(Y) E
Long Name | YEAR = CustomerCountry ProductMame ProductColor - ProductCategory | ProductSubcategory
Units
Comments
F(x)=
1| 2005 Canada Road-150 Red, 62 Red Bikes Road Bikes
2| 2005 France Mountain-100 Silver, 44 | Silver Bikes Mountain Bikes
3| 2005  United States Mountain-100 Silver, 44 | Silver Bikes Mountain Bikes
4| 2005  United States Road-650 Black, 62 Black Bikes Road Bikes
5| 2005 Australia Mountain-100 Silver, 44 | Silver Bikes Mountain Bikes
6| 2005 United States Road-150 Red, 44 Red Bikes Road Bikes
7| 2005 Australia Road-150 Red, 62 Red Bikes Road Bikes
8| 2005  Australia Mountain-100 Black, 48  Black Bikes Mountain Bikes
9| 2005  Australia Mountain-100 Silver, 38 | Silver Bikes Mountain Bikes
10| 2005  United States Road-150 Red, 438 Red Bikes Road Bikes
11| 2005 United States Road-150 Red, 48 Red Bikes Road Bikes i
121 2 i i = jkes Road Bikes =
KUY 51 /s s | £ M

7. Click Close to close the dialog.

45.3.4 Create a

Pivot Table

The imported dataset is a total cost summary of three product categories(Bikes,Accessories,
Clothing) in six different countries by year. Suppose now you want to create a pivot table to see the

yearly Sum of Total Cost of different product category. Follow the steps below to create the pivot

table.

1. Activate the Sheetl, select Worksheet: Pivot Table from the main menu to open the dialog. And

specify the following settings in the dialog:

o For Pivot Table Row Source, click the triangle button * to add column A.

o For Pivot Table Column Source, click the triangle button * to add column E.

o Select Sum with the Summarize by drop-down list. Then select column | for Pivot Table

Data Source.

o Expanding Options branch, check Total for Rows and Total for Columns check boxes,

and select Row Label Ascending from the Sort Output Rows drop-down list.
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Pivot Table Column Source
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Book1]5heet]|E" ProductCateqaony

|[B ook 115 ket T atalCost"!

&0

Summarize by

[F Combine Smaller ¥alues

Combine Direction

El Options

Sum -

Tatalz far Raws
Sart Qutput Bows

Tatals for Calumnz

[ Row Labels Azcending

Sart Qutput Columng

Marmalize by Colunn Totalz
Show Zeroz when Empty
Fow Source Extra Values

Colurnn Source Estra Values

[ Column Labels Ascending

MHone -

2. Click the OK button to create the pivot table. The table should like this:

Data Analysis

A(X) @ By) & cm & by & EY) @
Long Mame YEAR Sum of TotalCost
Units
Comments Accessories Bikes Clothing Total_YEAR
Fix)=
UserParam
1 2005 0 311421E6 ] 311421ER
2 2006 0 6.26258E6 i G.26258ER
3 2007 2810891 B.96743E6 132728.69 9.38125E6
4 2008 39175238  BT9936EG 19268876 9.3838E6
5 | Total_ProductCategory 67284148 2 T1436ET7 32541745 2.81418E7
3]
=

45.3.5 Combine Small Values
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In this section, we will show you how to present those categories with the percentage of the
summarized value (Count/Sum/Mean/Min/Max) accounts for that of grand total exceeding a threshold
percent, and combine small value categories into a default Others category.

1. Based on the above example, click on the lock icon in the Pivotl worksheet, and select Change
Parameters to open the dialog again.

ooy A | o A | HN}
Long Mame Recalculate
nits Change Parameters...
Comments Delete EAR
Fix= Goto Source
LserParam
1 Fecalculate Mode: Manual 1EG
2 Recalculate Mode: Auto 3EG
2 Recalculate Mode: M pES
ecalculate Mode: None
4 2008 3EG
=l [Total_ProductCategory Show Info [wpivot] 8E7
E Generate Script

2. Specify the following settings in the dialog:
o Expanding Combine Smaller Values branch, select Column in the Combine Direction
drop-down list,
o Select By Percent of Grand Total in Mode drop-down list.
o Enter 30 in Percent textbox and Other Smaller Iltems in the Column Label textbox.
o Expanding Options branch, uncheck the boxes of Totals for Rows and Totals for
Columns

E Combine Smaller Yalues

Cormbire Direction Colurir A |
tMode | By Percent of Grand Total -
Percent 3
Colurnt Label Other Smaller [tems
E Options
Totals for Rows :
Sort Output Fows | Fow Labels Azcending - |
Totals for Colurmns

Sort Output Columng |E|:|Iumn Labelz Azcending v|

Mormalize by Column Totals | Hone -

Show Zeroz when Emphy o
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3. Click OK button. The pivot table shows the summarization of data by Sum. And only Category
Bikes has the percent of grand total exceeding the threshod percent 30 %, other smaller

categories has been reduced into Category Other Smaller Iltems.

AX) @ BY & cv @
Long Mame YEAR Sum of TotalCost

LInits

Comments Bikes Other Small
F(x)=
LlserParam

1 2005 3. 11421ER 0

2 2008 6.26258ER 0

3 2007 8.96743E6  413817.79

4 2008 8.79936E6 58444114
5
B

4 .5.3.6 Extra Categories Source

In this section, we will show you how to present those categories that are missing in the source data
sheet with ' Column Source Extra Value. This is useful when you want to ensure all needed
categories will be presented in the result pivot table that might be used for later plotting.

Suppose we want to know the Sum of Total Cost of different product categories before Year 2007.
Follow the steps below to create the pivot table.

1. To filter the years before 2007, we use the data filter. Go to Sheet 1 and select Col A. Click
W

button in the main menu bar. Click again the filter icon on Col A and select Less Than.

Customize the pop-out filter dialog as follow, then click OK to close the dialog.

E Simple Mumeric Filter @

Formula Type | iz lezs than - |

Value 2007

Condition2 Mane -

[ s ] | Cancel

2. Click on the lock icon in the Pivot1 worksheet, and select Recalculate. As shown in the following

pivot table, only Bikes is presented here, because other two product categories do not has any
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526

cost data record in Year 2005 and 2006.

ACRY B B
Long Mame | YEAR | Sum of Total
LInits
Comments Bikes
F(x)=
LlserParam

1 2005 | 311421E6
20068 6.26258E6

2
3
4
5

Back to Pivotl worksheet, select col(b) and then click Plot: Column/Bar/Pie: Column to plot a

column graph(Graphl).
Next we want to add two missing categories back into the pivot tab le. Click on the lock icon in the
Pivotl worksheet, and select Change Parameter.Customize the dialog as follow, click OK to

close the dialog. The pivot table would look as follow.

El Options
Totals for Rows [}
Sort Output Bows [ Fiow Labelz Ascending -
Totalz for Colurmns [l
Sort Output Colurmns [ Column Labels Azcending -

Maormalize by Column Totale | Hone -

Show Zeros when Emphy

Fow Source Extra ' alues

Column Source Extra Walues | Aocezsones|Clothing
Separate extra values by T, tor example

Combine different columnfrow info by °_°, for example, A_11A_2
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The pivot table would look as follow.

-

] Bookd * =R
TOAX) @ BY) & c) @ pm@| EY) @ -
Long Name YEAR Sum of TotalCost
Units =
Comments Accessories Bikes Clothing = Other Smaller ltems
Flx)=
UserParam
Filter | Less than 2007
1 2005 0 3.11421E# 0 0
2 2006 0| 6.26258E6 o 0
3 2007 281089.1  B96T43ER #EHH 0
4 2008 | 391752.38 | B.70036EF s 0
5
B
7 -
= I |
| [+ [\ sheet1 } Pivot1 f || « i vl

Back to Pivotl worksheet again. Click again the filter icon on Col A and select Clear Filter from
the pop-up menu to remove the filter. Then select all columns to plot a column graph(Graph2).
The graph would show the missing categories.

Back to Pivotl worksheet again, right click the grey area and select Add Graph to add Graph2
onto the Pivotl worksheet

5o =
Ap@) B @] cm @ by @ -
Long Mame | YEAR Sum of TotalCost Il ~ ccessories
Units 10000000 Elikes_
Comments Accessories Bikes Clothing Clothing L
Foo= 8000000 i
UserParam1 1
1| 2005 0 3.11421E6 0 =
2| 2006 0| 6.26258E6 0 5 2000000 4
3| 2007 2810891 8.96743E6 132728.69 ‘g
4| 2008 391752.38 | B.79936E6 192688.76 E
5 £ 4000000 -
>3
(i1 w
] 2000000 |
8
9
10 0
1 2005 2008 2007 2008
12 YEAR
12 s
<[\ Sheet1 hPivot1 / || « m V[

W Year filtering can also be obtained in Database. In this case, you can
Q customize the favorable time period by rewriting this script:

--WHERE SOH.OrderDate BETWEEN '1/1/2005' AND '12/31/2008'
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4.5.3.7 Create analysis template

In this section we will show you how to create analysis template for the pivot table, reimport data from
database and reuse the analysis template to create pivot table for new data.

1. Activate the Bookl, click File: Save Workbook as template and save it as SumTotalCost.ogw.

2. Open a new OPJ file and then click File: Open to open SumTotalCost.ogw.

3. To change the data source as AdventureWorks2008 in database,

o Activate Sheetl and open SQL Editor by clicking the Open SQL Editor button !7.
o Click File: Edit Connection String then type the following string in the open dialog, click
Test then click OK to connect the database.

Provider=SQLOLEDB. 1; Password=mydatabase;Persist Security Info=True;

User ID=accounting;Initial Catalog=AdventureWorks2008;Data Source=myServer

o Back to the SQL Editor dialog, On the right panel, rewrite the last script as

--WHERE SOH.OrderDate BETWEEN '1/1/2001' AND '12/31/2004'

o Select menu File: Save to Active Worksheet to save these settings to the worksheet, and
then select menu Query: Import to import the data into worksheet, and then close SQL

Editor. We can see the imported data form the image below.
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] Book E=5 =R
EN A B(Y) cr) | obm |  En-
Long Mame YEAR CustomerCountry Producthlame ProductColor - ProductC
Units
Comments
Flx)=
Filter
1 2001  Canada Road-150 Red, 62 Red Bikes
2 2001  France Mountain-100 Silver, 44 | Silver Bikes
3 2001  United States Mountain-100 Silver, 44 | Silver Bikes
4 2001  United States Road-650 Black, 62 Black Bikes
5 2001 | Australia Mountain-100 Silver, 44 | Silver Bikes
i} 2001 | United States Road-150 Red, 44 Red Bikes
L 2001 | Australia Road-150 Red, 62 Red Bikes
8 2001 | Australia Mountain-100 Black, 428 | Black Bikes
9 2001 | Australia Mountain-100 Silver, 38 | Silver Bikes
10 2001  United States Road-150 Red, 48 Red Bikes -
44 004 Llmitrm A Cdmdm Dinad AEN DA 4D [ L | Oilrm e =
[« [>T\ Sheet1 £ Pivot1 7 || « [t 2

4. To update the pivot table, go to Sheet'Pivotl , click the yellow lock and select Recalculate. The
pivot table would be updated according to new data.
5. To update the embedded graph,

o double click the embedded graph and a floating chart would pop up.

o Select the graph and click Rescale button to refresh H The floating chart would be
updated too.
o click the arrow button at the upper right corner of the floating chart to put it back to the

worksheet. The worksheet would look as follow.

& Bookt E=N ECR/<)
Ap@| B &) cv &) D) & -
Long Mame | YEAR Sum of TotalCost I # ccessories
Units 10000000 - Bikes
Comments Accessories Bikes Clothing Clothing A
Feo= 2000000 4
UserParam1
1| 2001 0 311421E6 0 g
2| 2002 0 6.26258E6 0 % 2000000 4
3| 2003 2810891 B8.96743E6 13272869 E
4] 2004 39175238 8.79936E6 19268876 | 5
5 £ 4000000 4
=1
5 w
7 2000000 4
8
9
10 0-
= 2001 2002 2003 2004
YEAR
12 -
[«]» ]\ Sheet! A Pivot1 [ IE m 1P
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4.5.4 Categorical Values Ordering and Sharing

4.5.4.1 Summary

Categorical values are used to store categories information in a column. In Origin, you have the
capacity to manually add, remove, order categories in a column and the categorical information
stored in the column will be carried over to result sheet during analysis. You can easily save
categories into a text file and share across columns or worksheets.

Minimum Origin Version Required: Origin 2015 SRO

4.5.4.2 What you will learn

How to manipulate categorical values
How to order categorical map

How to share categorical values

4 .5.4.3 Manipulate Categorical Values

530

To import the Origin sample data, select File: Import: Excel(XLS, XLSX, XLSM...) from the
Origin menu. Browse to <Origin Program Folder>\Samples\Statistics and select
HouseholdCareSamples.xlIs. Click the Add File(s) button. Make sure that the Show Options
Dialog: check box is selected. Click the OK button to open the impMSExcel dialog.
Specify the following settings in the impMSExcel dialog:
o Under File Info, expand the HouseholdCareSamples.xls branch. Unselect File
Sheet(s), then check the check boxes next to HQ Family Mart and TX Trust-Mart.
o Inthe Header Lines branch, select 1 in Number of Subheader Lines drop-down list and
then 1 for Long Names. Check Apply Header to All Sheets box.
o Click OK to import the data into Origin.
On the HQ Family Mart worksheet, highlight column Category (long name) and right click to
select Set As Categorical. Double click on the Unsorted on Categories label row to bring up
Categories dialog.
Now we want to only keep Household Clean, Kitchen Clean, Dishwashing Liquid, Laundry
Powder and Fabric Conditioner five categories and order them as listed. To do so, first check
Customize Categories (Add, Delete, Set Arbitrary Order) box, hold Ctrl key to select unwanted
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categorical values and use Remove button ®to remove them.

ot

Categories - [HouseholdCare]"HO Family Mart"IE" Catego.,.,. —

[+] Customize Categories (Add, Delete, Set Arbitrary Order)

x| o] v =|[x][+
Category

Dishewwashing Liguid Save =

0

Cancel

il

Load =

Lavumdry Poweder
Copy

Fabric Conditioner Paste

Scan

L I et o N R N T T L T

Houszehold Clean

= | =
(RS

Kitchen Clean

—
0]

=
I
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Y Al Vl
5. Then use Move To Top button J Move Up button , Move Down button and Move To

Bottom ﬂbutton to reorder them as shown below:

Categories - [HouseholdCare]"HO Farnily Mart"lE"Catego... — X
| Cuskomize Categories (Add, Delete, Set Arbitrary Order) | _
Ok
IlAlvlzlﬂ X| [+
Cancel
Category
1|Household Clean JavE
2 | Kitchen Clean
3| Dishwashing Liquid Load =
4
5 | Fabric Conditioner Copy
Paste
Scan

6. Then click Save > button and select Save As to bring up Categories Save as dialog. Enter
HouseholdCare Category as Name and click OK to save the categorical values in a text file under
displayed Save Path for sharing later.

T R

Mame HouzehaldCare Cateqgary

Save Path:C:AOriginLab%2015\User
Files\Categories

I 0k, | [ Cancel

Click OK to close Categories dialog box.

Next we want to know the total number of items in each of the five categories specified in step 4
and make a column plot of results. To do so, highlight column Number (long name) and go to
Statistics: Descriptive Statistics: Statistics on Columns: Open Dialog... to bring up
Statistics on Columns dialog, click right-sided triangle icon on Group row to select

E(Y):Category as grouping column and click OK to close the dialog. In the prompt dialog, click
OK.
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9. Switch to DescStatsQuantitiesl flat sheet, select column N total (long name) and go to Plot: 2D:

Bar: Column to create the column plot.

10.

tab and select 45 from Rotate (deg.) drop-down list and click OK to close the dialog.

11. Double click on the graph to bring up Plot Details dialog, expand Layerl node to go to its

Double click on the X axis tick labels to bring up Tick Labels page on Axis dialog, go to Format

subnode. In the Pattern tab, expand the Color drop-down list in the Fill group, select By Points

tab, and choose the color Black under Increment from list to set it as the starting color. Click OK

to close dialog.

1 " Plot Details - Plot Properties

4 {7 Graphd
a-[J] Layerl

------ [HouzeholdCareS amples. 1lz]D escStatQuantitie

Pattem | Spacing | Label

Border

Style  — Solid -
Width 1 -

Preview

Fill

Single | By Pointsl

Color

Pattem

Pattem Color Use column values
Indexing +

Width Direct RGE -

Color Mapping +

Increment from

=

Tensparency | IQENE N DN N N
bo‘fgr List +

Godert i ENECE DEEENEEOEN N N

Mode  [Neme 7

Color M Black -

Direction

. Top Bottom

12. Right click on the page and select Fit Page To Layers... and click OK in the appeared dialog to

bring the X axis label into page. Delete the legend, use Text tool to add HQ Family Mart as graph

titte. Move X axis title and added graph title to proper positions, and the column plot looks like the
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following:

Graphl EI@
1
i)

HQ Family Mart

M total

45.4.4 Share Cateqgorical Values

1. Continue from the section above, now we want to share the categories saved earlier with second
worksheet TX Trust-Mart. To do so, activate TX Trust-Mart sheet and highlight column Category
(long name) and right click to select Set As Categorical.

2. Double click on the Unsorted on Categories label row to bring up Categories dialog, check

Customize Categories (Add, Delete, Set Arbitrary Order) box and click Load > button on the
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right and select appeared HouseholdCare Category file.

x

Categories - [HouseholdCare]"TX Trust-Mart"IE"Category” —

| Custamize Categories (Add, Delete, Set Arbitrary Order) |

.
=| a| v| >[4 [x]
Category
1| Household Clean
2 |Kitchen Clean
2| Dishiwashing Liguid | Load = | HouseholdCare Category I
4| Laundry Poweder
5 | Fabric Conditioner

Paste

Scan
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3. Follow steps 7-12 in above section and add text TX Trust-Mart instead of HQ Family Mart in step

12, we will obtain a column plot from TX Trust Mart source sheet as following:

Graph2 El@

1
i

TX Trust-Mart

16

14

12 4

10

M total

Category

4.6 Analysis Templates

e Creating and Using Analysis Templates

e Creating Analysis Templates using Set Column Value

e Creating a Custom Report Sheet

4.6.1 Creating and Using Analysis Templates

4.6.1.1 Summary

Routine tasks can be simplified by creating an Analysis Template. Such templates can contain
multiple analysis results and also custom report sheets. A new instance of the template can then be
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opened at any time and source data can be changed to update all analysis results and custom
reports.

Minimum Origin Version Required: Origin 2015 SRO

4.6.1.2 What you will learn

How to create an analysis template (OGW)

How to re-use an analysis template with new data

4.6.1.3 Steps

Importing Data

1.

2.

Start with a new workbook.

ity
Click the Import Single ASCII button = lon the Standard toolbar to open the ASCII dialog box.

Browse to the <Origin EXE folder>\Samples\Curve Fitting\ folder and select the file
Sensor0l.dat. Make sure that Show Options Dialog is selected and click the Open button. This
will open a dialog for specifying import settings.

In the imp ASC dialog, expand the (Re)Naming Worksheet and Workbook node and clear the
Rename Sheet with (Partial) Filename box.

Click the arrow button next to Dialog Theme, and select Save to <Sheet> in the fly-out menu.
This will save your import settings to the worksheet.

Click OK to import the file to Sheet1.

Right click the worksheet tab and rename this worksheet as Data.

Performing Analysis

1.

Highlight column B and use the Analysis: Fitting: Linear Fit menu item to open the Linear Fit
dialog box.

Set Recalculate to Auto, accept other default settings and click OK to perform a linear fit.

A hierarchical report sheet will be added to the book, with result tables and embedded graphs.
Go to the FitLinearl report sheet and double-click to open the graph under the Fitted Curves
Plot tree node. This graph contains the data plot and fitted curve.

Click the menu item View:Show:Frame to show the graph frame.

Double click on the data plot to open the Plot Details dialog box. In the left panel, select FitLine
to open the Page Properties dialog box. Go to the Legends/Titles tab and clear the Indicate
Active Dataset check box, then press OK to close the dialog.

Select Format: Axes: Y Axis... in the main menu to open the Axis dialog box. Verify that the

Type under Major Ticks node is set to By Increment and set the Value to 5. Use Shift/Ctrl key
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to select both Horizontal and Vertical icons on the left panel and change the Rescale mode to
Auto for both X and Y axes. Click Apply to apply settings and choose OK to close the dialog.

8. Manually move the legend object to a suitable position so all text is visible. The final graph

should look like the image below:

& FitLine - Linear Fit - {[Sensor01]FitLinear11821[2:21}  [= |[B)=]

= | Sensar Output (M)
18 — Linear Fit of Data B"Sensor Qutput'
u
14 .-"'z
r"f" "
oo 12 4 ';./
£
= 104 v
=3 e
ISER-E m
5 - 7
2 &
& -,,/'
4 -
"
zd g
5 10
Displacement {mrm

9. Put this graph back into the result sheet by clicking on the restore button Eat the top right of the
title bar.

Saving an Analysis Template

1. Activate the workbook and select File:Save Workbook as Analysis Template.

2. Browse to the desired location and enter a file name, for example MySensorData, and press the
Save button.

3. Now the file MySensorData.OGW is saved as an Analysis Template. This template can be re-
used in the future to carry out similar analyses.

Re-using the Analysis Template

1. Start a new project, then select the menu item File: Recent Books. From the fly-out menu

options, select the Analysis Template MySensorData.ogw that was saved earlier.

538



Data Analysis

1ty
2. Make the Data worksheet active, and click the Import Single ASCII button ®2|. Browse to

the file Sensor02.dat under the <Origin EXE Folder>\Samples\Curve Fitting\ path and import
the file.
Note:You can also locate the Sensor02.dat file in your local drive, drag and drop it into this Data sheet

to import.

3. Since the Recalculate mode was set to Auto, the linear analysis will be performed automatically
for the new data.
4. Go to the FitLinearl worksheet and under the Fitted Curves Plot node, double-click to open the

graph and view the updated results.

ey
The Analysis Template can be used in the batch processing of similar data, see
this tutorial for details.

4.6.2 Creating Analysis Templates using Set Column Value
4.6.2.1 Summary

This tutorial will demonstrate how to add a column, set up Before Formula Script and have that
script run whenever data changes in other columns. This technique can be used to create an
Analysis Template for repeated analysis of similar data.

Minimum Origin Version Required: Origin 8.0 SR6

4.6.2.2 What you will learn

e How to use Set Column Values to create an analysis template

e How to select rows via the Go to function

4.6.2.3 Steps

1. Import the data from \Samples\Statistics\automobile.dat into a newly created workbook, as
below. In this example, we will extract data, according to the Make column, into different

worksheets.
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BTuTT]

%2 Book1
Cry
Laong Mame Fower 0~60 mph
b =1=1H ko
1892 | Buick 132 14 2238
1992 Acura 154 12 2324
1982 G 148 13 1531
1882 | Chrysler 132 10 2088
1892 Kia 121 12 1202
1882 | Suzuki 106 10 1417
1882 Valvo 95 14 1661
1992 Mercedes 132 14 2208
19892 Acura 128 13 1412
1992 |Isuzu 124 17 1918 |+
% automobile / ||{ | >

2. Add an empty column t