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1. Introduction
1.1 Statement of Interest
Currently, clinical simulators (full-body, robotic electromechanical devices) rely on computer-based input through a laptop computer. The computer interface is a complex series of screen-based inputs that are typically handled through keystrokes and the use of a mouse.  This project was chosen to design a new user interface that is easier to use than the current model, thus allowing for a smoother and more realistic simulation experience. 
1.2 Objectives 	
1.2.1 Goals
Our goal is to design a new user interface that is easier to use than the current model. The interface would allow the technician to manipulate key data quicker and more efficiently, thus allowing for a more realistic simulation experience. In addition, the technician would be better able to monitor student performance rather than spend his time trying to use a complex interface.  

1.2.2 Benefits  
· Significantly easier for operator to change parameters of the simulation
· More intuitive than computer mouse
· Aftermarket so it can connect to any computer running the Laerdal software
· Allow the change of multiple parameter simultaneously
· Preset values will simplify the interface for the operator (resting state, tachycardia, etc.)

 1.2.3 Features
· LCD display to show what each knob is controlling and display keypad entry
· Keypad for quick entry of parameters
· Toggle switches to select parameter to manipulate via knob or keypad
· Rotary knobs for sweeping parameters such as heart rate 
· Buttons to execute programmed macros
· USB interface for easy connection to computer


2. Design
2.1 Block Diagram
 [image: ]
Figure 1. Block Diagram
2.2 Block Descriptions
2.2.1   User Interface:

6-way rotary switches (KC26A30.001NLS) will be used to select between various parameters such as Heart rate, heart rhythm, SpO2, ABP, EtCO2, NBP (non-invasive blood pressure), and AWRR (respiration).
[image: ][image: ] 
(13) – chicken head knob
Figure 2. Switch Layout



The rotary switch schematic was assembled in PSPICE and simulated to test our design.  A series connection of 5 equal resistors was made so that the drop at each node was constant.  Each node was connected to a different position on the switch so that when the user toggles the switch, the output voltage varies and the new position of the switch is determined.    The simulation is shown in Figure 3.  [image: ]
Figure 3. Switch Layout

By observing the circuit one can see that the voltage at each node can be determined by the voltage divider rule as follows:
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Push buttons (PR141C1900) will be used to input default parameters (macros for patients initial condition e.g. resting heart rate, temperature 98.6 degrees, etc.).  A Keypad (COM-08653) will be used to input a specific value for a given parameter (set heart rate to exactly 140 BPM).  The Rotary encoder (COM-10982) and potentiometers (296UD102B1N) will be used to sweep over values and both will communicate with the microcontroller through analog inputs.  The Rotary encoder will use Gray code in order to transmit data and the potentiometer changes its values based on a range of voltage from 0-5 Volts mapped evenly over 270 degrees.  Communicates with Microcontroller through both analog and digital inputs
2.2.2 Microcontroller
Microcontroller will be ATMEGA 328 (DEV-10524) with Arduino Uno.  The microcontroller has an operating voltage of 5V, and an input Voltage (limits) of 6-20V.  The Arduino will be connected to the 12V power supply.  There are six analog input pins and 14 digital input/output pins. The Arduino Uno also has a 16 MHz crystal oscillator and USB a connector to interface with computer.  The microcontroller receives signals through both analog and digital inputs from the user interface and converts to a data output for PC through USB interface.  The ATMEGA 328 will communicate with the LCD Display through 8 digital inputs.  The Arduino has a voltage regulator that will provide power for the user interface, the LCD, and the USB interface.  Refer to Figure 5.
2.2.3   LCD
The LCD parameters are modified by the user interface through the microcontroller.  The LCD will display keypad entries that are relayed from the user interface to the microcontroller.  The LCD will have a startup screen that welcomes user upon power on.  The LCD uses a Dot matrix segment driver with 64 channel output and has an input voltage of 5 V+-10%.
2.2.4  USB Interface
The USB Interface will Provide a connection between the Microcontroller and PC and facilitate bidirectional communication. 
2.2.5 PC
	The PC will run the Laerdal software which will communicate with the microcontroller through the USB interface.  It will need to interpret data sent from the microcontroller and send a hand shake signal back. 

2.2.6 Power Supply
	The power supply will be a wall adapter which converts 120VAC to 12VDC.  The power supply will provide power to the Arduino which will have a voltage regulator that supplies 5V for the rest of the circuit.  The maximum current draw from entire circuit needs to be less than 1 Amp so that it does not exceed the maximum current that the power supply can provide.  Total current draw is calculated as follows:
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These values are absolute maximums for each component.  Each digital/analog pin has a maximum draw of 40mA and there are 14 digital and 6 analog pins for a total of 800mA.  The actual current draw will be much less than these values however, in the worst case we will be able to supply enough current for all of our components.  For the ATMEGA 328 the maximum current draw for 1MHz was 0.2mA so we extrapolated that at a maximum the current draw would be 3.2mA at 16MHz. 











2.3 Schematics
[image: ]12V


Figure 4. High level schematic
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Figure 5.  Arduino Schematic
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Figure 6.  Rotary switches schematic[image: ]Figure 7. Keypad schematic
[image: ]
Figure 8. Button array schematic



2.4 Flowcharts
Software design for this project will entail programming with the Arduino and also with Laerdal’s SimMan software.
2.4.1 Arduino Flowchart
The Arduino will receive signals from the user interface.  The Arduino code will interpret the values from the user interface and output the correct data to USB.  The arduino interprets the data based on which position the switch is in and which way the rotary encoders are being toggled.  Additionally, macro buttons can be used to swiftly execute programmed functions.
[image: ]
Figure 9. Flowchart for Arduino code

2.4.1 Laerdal Software Flowchart
The Laerdal software will receive the data via USB.  The Laerdal software must be able to decode the data and adjust the specified parameters to their new values.

[image: ]
Figure 10. Flowchart for Laerdal code

2.5 Performance Requirements
	Hardware
· Switches, knobs, and buttons should accurately interact with the software
· LCD display must refresh in less than 250ms 
Software
· Response time from User interface to computer should be less than 250ms for real-time response
· LCD display should display both the keypad entry and what each knob is controlling simultaneously
· Knobs should be able to sweep the entire range of values
3. Verification

3.1 Testing Procedures

	Performance Requirements
	Testing/Verification

	User Interface
1. Potentiometer sweeps linearly from 0-5V+/-10%
2. The voltage at a particular position on the rotary switch should differ from its neighbors by 1V+/-20%
3. Each specific button on the keypad needs to send a distinct voltage level to the Arduino. The voltage levels are TBD, since we need to build the circuit to determine what voltage each key outputs.
4. Push buttons must output 5V+/-20% when pressed, 0V+/-20% when released. 
5. Rotary encoder will output Gray code
	1. Connect potentiometer to a 5 volt source and measure output through oscilloscope.  Sweep through entire 270 degree of rotation and verify correct linear output from 0-5V+/-10%.  The oscilloscope will show a linear relationship between rotation and voltage.
2. The switch will be rotated into each position and we will measure the output voltage with a Multimeter.  These are the ranges of values for each position:
            Position 1 : 4.8 -5.2 volts
            Position 2 : 3.8 -4.2 volts
            Position 3 : 2.8 -3.2 volts
            Position 4 : 1.8 -2.2 volts
            Position 5 : 0.8 -1.2 volts
            Position 6 : 0.0 -0.2 volts
3. The keypad output will be connected to a Multimeter. The keys will be pressed one at a time and the voltage will be measured and recorded. The voltage levels for each key will be distinct. 
4. The output of the switch will be connected to a Multimeter and the button will be pressed then released. When pressed, the Multimeter will read between 5V+/-20%. When the button is released, the Multimeter will read 0V+/-20%. 
5. Connect the output of the rotary encoder to the oscilloscope. Rotate clockwise and then counterclockwise. The waveform will output Gray code which will change based on rotation direction. The waveforms will match the waveforms shown on the datasheet. 


	LCD
1. LCD display must refresh in less than 250ms and needs to properly display data
2. LCD must contantly have 5V+/-10% for power.
3. Potentionmeter needs to sweep from 0-5V+/-10% to change contrast on the LCD screen

	1. Connect the LCD to the Arduino and connect the output of the LCD to an oscilloscope. Set up the Arduino so that it prompts the LCD to cycle through characters. The oscilloscope will show voltage spikes when the characters change. Measure the time between voltage peaks to determine how quickly the LCD refreshed. This will be less than 250ms. 
2. Power the LCD and measure the voltage at the power pin with a Multimeter. The voltage will be 5V+/-10%. 
3. Connect potentiometer to a 5 volt source and measure output through oscilloscope.  Sweep through entire 270 degree of rotation and verify correct linear output from 0-5V+/-10%.  The oscilloscope will show a linear relationship between rotation and voltage.


	Microcontroller
1. Microcontroller needs to map keypad voltage presses to the corresponding key value
2. Will map switch voltage to proper switch position
3. Will determine which button is pressed and be able to determine which position it is in (e.g. 0V for off and 5V+/-20% for on)
4. Direction of rotation for the rotary encoder will be determined by the Gray code input
5. Microcontroller will transmit data via USB to PC
6. Microcontroller will transmit data to LCD
	1. Write code on Arduino that maps voltage levels to specific number or character. The code will output serial data to the PC and display the values using Arduino software. Input the specific voltages directly to the Arduino input pin using the digital power supply. The values displayed on the PC will match the key pressed on the keypad. 
2. Write Arduino code that interprets specific voltage level as switch positions. The code will output serial data to the PC and display the values using Arduino software. Connect the specific voltage levels directly to the Arduino input pin using a digital power supply. The values displayed on the PC will correspond to the position that the switch is in. 
3. Write code on the Arduino that interprets if a button is pressed. The code will output serial data to the PC and display the values using Arduino software. Connect 5V and then GND directly to the Arduino input pin. The PC will display a 1 if the Arduino input is 5V and a 0 if the Arduino input is GND.
4. Write Arduino code that interprets grey code. The code will output serial data to the PC and display the values using Arduino software. Connect the output of the rotary encoder directly to the Arduino input pin. Rotate the knob clockwise and then counter-clockwise. The PC will display “clockwise” for clockwise rotation and “counter-clockwise” for counter-clockwise rotation. 
5. Connect the Arduino to the USB interface and connect the USB interface to the PC. Write Arduino code that outputs serial data. The PC will show the same data.  
6. Connect the LCD to the Arduino. Write Arduino code that displays “Hello World”. The LCD display will say “Hello World”.

	Power Supply
1. Power supply will provide 12V+/-20% with 1A+/-10% current

	1. Plug power supply into the wall. Connect the output of the power supply to a breadboard. Use a Multimeter to measure the output voltage. The Multimeter will read 12V+/-20%.

	USB Interface
1. USB will transfer data reliably without errors from the microcontroller to the PC 

	1. Write code on the Arduino that outputs a basic text file. Display the text file on the computer. The displayed file will be the same data the Arduino output. 
 

	PC
1. The Laerdal software will change values on the SimMan GUI based on the values from the microcontroller
	1. Write Arduino code that sets heart rate to 60. The Laerdal software will change the heart rate to 60. 



3.2 Tolerance Analysis 
The microcontroller is the most important aspect of the design. It must properly interpret the inputs (potentiometers, rotary encoder, push buttons, and rotary switches), process the inputs, display results to the LCD, and transmit the processed data via USB to the Laerdal software with no errors.
 It is very important that all of the data is processed and sent in soft real time. Soft real time means that we need the data to be sent in real time, but the occasional missing of the deadline is not intolerable, even though it will decay the quality of our device. The human eye can perceive 10 frames per second, which corresponds to 100ms, but systems can be on the order of 250ms and still be considered real time without much degradation in perceived performance. 
In order to ensure this is the case, the code must be written efficiently. In addition, the microcontroller needs to be able to detect multiple inputs and display the proper error message. If more than one button is pressed at the same time, the microcontroller needs to go to a state that displays an error message on the LCD before any changes are made to the data. Similarly, if both rotary encoders are changed at the same time an error message needs to be displayed before any data is changed. 

4. Cost and Schedule

4.1 Cost Analysis
4.1.1 Labor

	Member
	$/hour
	# of weeks
	Hours/week
	Total hours
	Subtotal
	(x2.5)

	Jacob Clifton
	$35
	12
	15
	180
	$6,300
	$15,750

	Ryan Schmid
	$35
	12
	15
	180
	$6,300
	$15,750

	David Mckiernan
	$35
	12
	15
	180
	$6,300
	$15,750

	Total
	$47,250












4.1.2 Parts
	Nomenclature
	Part Number
	Vendor
	Unit Price
	Quantity
	Total Price

	User Interface
	
	
	
	
	

	Rotary Switch 6 Pos
	KC26A30.001NLS
	Digikey
	$5.73
	2
	$11.46

	Linear 1K Potentiometer
	296UD102B1N
	Digikey
	$1.60
	1
	$1.60

	Push Button
	PR141C1900
	Digikey
	$1.43
	4
	$5.72

	Keypad -12
	COM-08653
	Digikey
	$3.95
	1 
	$3.95

	Rotary Encoder – Illuminated
	COM-10982
	Sparkfun
	$3.95
	2
	$7.90

	Chicken Head Knob
	COM-10000
	Sparkfun
	$0.95
	2
	$1.90

	Resistor – 100 Ohm
	P100BATB-ND
	Digikey
	$0.09
	4
	$0.36

	Resistor – 10k Ohms 
	CF14JT10K0TR-ND
	Digikey
	$0.08
	3
	$0.24

	Resistor – 1K Ohms
	CF18JT1K00CT-ND
	Digikey
	$0.09
	5
	$0.45

	Microcontroller
	
	
	
	
	

	7805 Voltage regulator
	COM-00107
	Sparkfun
	$1.25
	1
	$1.25

	Green-LED
	COM-09592
	Sparkfun
	$0.35
	5
	$1.75

	Red-LED
	COM-09590
	Sparkfun
	$0.35
	5
	$1.75

	Resistor – 220 Ohms
	CF14JT220RTR-ND
	Digikey
	$0.08
	3
	$0.24

	Resistor – 10k Ohms 
	CF14JT10K0TR-ND
	Digikey
	$0.08
	3
	$0.24

	Capacitor – 10uF
	P10425TB-ND
	Digikey
	$0.08
	2
	$0.16

	16 MHz Clock Crystal
	COM-00536
	Sparkfun
	$0.95
	1
	$0.95

	Small Momentary Tact Switch
	COM-00097
	Sparkfun
	$0.35
	1
	$0.35

	Row Male Header Pins
	PRT-00553
	Sparkfun
	$1.95
	1
	$1.95

	ATMEGA 328
	DEV-10524
	Sparkfun
	$5.50
	1
	$5.50

	FTDI Basic Breakout (board)
	DEV-09716
	Sparkfun
	$14.95
	1
	$14.95

	Capacitor – 22pF
	P10426TB-ND
	Sparkfun
	$0.08
	2
	$0.08

	Arduino Uno
	DEV-1102
	Sparkfun
	$29.95
	1
	$29.95

	LCD Display
	
	
	
	
	

	LCD Screen
	KS0108B
	Digikey
	$19.95
	1
	$19.95

	Linear 1k Potentiometer
	296UD102B1N
	Digikey
	$1.60
	1
	$1.60

	USB Interface
	
	
	
	
	

	USB Connector
	292303-1
	Digikey
	$1.44
	1
	$1.44

	USB  2.0 A Male to A Male
	AE9930-ND
	Digikey
	$3.19
	1
	$3.19

	Power Supply
	
	
	
	
	

	Wall Adapter Power supply 12 Volt DC 1-Amp
	N/A
	Amazon
	$2.05
	1
	$2.05




4.1.3 Total
	Section
	Total

	Labor
	$47,250

	Parts
	$120.93

	Grand Total
	$47370.93



















4.2 Schedule

	Week
	Date
	Tasks
	Team Member

	1
	9/17
	Write proposal with team members
	Jacob

	
	
	Write proposal with team members
	Ryan

	
	
	Write proposal with team members
	David

	2
	9/24
	learn software for Adruino, ethical considerations  
	Jacob

	
	
	Detailed electrical design, create parts list, ethical considerations
	Ryan

	
	
	Arduino and performance simulations, ethical considerations
	David

	3
	10/1
	Completing tasks from previous week and preparing for design review, gain access to Laerdal SDK and become familiar with coding
	Jacob

	
	
	Completing tasks from previous week and preparing for design review, order parts
	Ryan

	
	
	Completing tasks from previous week and preparing for design review, start writing code for Arduino
	David

	4
	10/8
	 Coding the Arduino
	Jacob

	
	
	Assemble components on bread board
	Ryan

	
	
	Work on setting up microcontroller
	David

	5
	10/15
	Continue coding and determine how to interface with the Laerdal software
	Jacob

	
	
	Assemble components on bread board
	Ryan

	
	
	Order a housing device for our system, and help with coding
	David

	6
	10/22
	Optimize code and continue working on software aspects of design, help create board layout
	Jacob

	
	
	Circuit  debugging and help with software
	Ryan

	
	
	Create board layout and order PCB
	David

	7
	10/29
	Continue coding (Laerdal) and prepare for mock-up demo
	Jacob

	
	
	Continue coding (Arduino) and prepare for mock-up demo
	Ryan

	
	
	Continue coding (Laerdal, Arduino) and prepare for mock-up demo
	David

	8
	11/5
	Prepare for presentation
	Jacob

	
	
	Prepare for presentation, assemble circuit on to PCB
	Ryan

	
	
	Prepare for presentation
	David

	9
	11/12
	Debugging code
	Jacob

	
	
	Debugging code 
	Ryan

	
	
	Debugging PCB and getting everything within our housing
	David

	10
	11/19
	Enjoy Thanksgiving
	Jacob

	
	
	Eat into oblivion
	Ryan

	
	
	Enjoy Thanksgiving
	David

	11
	11/26
	Start writing final paper, prepare for final demo
	Jacob

	
	
	Work on presentation final touches, prepare for final demo
	Ryan

	
	
	Working on final paper and presentation, prepare for final demo
	David

	12
	12/3
	Final presentation, final demo, finish paper
	Jacob

	
	
	Final presentation, final demo, finish paper
	Ryan

	
	
	Final presentation, final demo, finish paper
	David









4.3 Contingency plan

In the unlikely event that we cannot get the SDK for the Laerdal Software then we will need to create a GUI in order to test our Microcontroller.  We will create a GUI that will respond to packets sent across the USB interface from the Microcontroller and will display appropriate responses from each component from the user interface.  When the rotary encoder is rotated, it will turn a virtual dial on the GUI and will display a value.  When we push any of the buttons on the user interface a button will be toggled on the GUI.

5. Ethical Considerations

Our device will be used in conjunction with other peripherals that all are designed to aid the learning process in the medical field.  As such, we will need to address several items within the IEEE Code of Ethics:
	1. to accept responsibility in making decisions consistent with the safety, health, and welfare of the public, and to disclose promptly factors that might endanger the public or the environment;
	It is our responsibility to ensure that our device is designed in a manner that will function correctly and safely with the welfare of the public in mind.  We must keep in mind that our device will be used to train future doctors and that it must perform exactly as its intended purpose described so that the operator may do the best job possible to facilitate the continued learning of the students using the SimMan simulation

	2. to avoid real or perceived conflicts of interest whenever possible, and to disclose them to affected parties when they do exist;
	We will be working with Jump Trading and it is in our mutual interest to ensure that a line of communication will be open to create an environment where both parties are aware of what the other is doing so there is no misunderstandings or miscommunication which could cause conflicts of interest and if a conflict does arise we will disclose them as soon as possible

	3. to be honest and realistic in stating claims or estimates based on available data;
	Communication with both our TA’s and Jump Trading is important and we must strive to be as honest and forthright as possible in our plans and expectations for our project

	4. to reject bribery in all its forms;  
	We do not believe bribery will be an issue, but if it does occur we will reject any form of bribery

	5. to improve the understanding of technology; it’s appropriate application, and potential consequences;  
	We will make every attempt to expand our knowledge of technology and through this process we hope to expand the knowledge of others by learning the potentials and limitations of the technology and possibly discover further applications not directly related to our project

	6. to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by training or experience, or after full disclosure of pertinent limitations;
	The purpose of our project at its root is to improve our technical knowledge and to work together as a team in order to design and implement a product from inception all the way to a functioning prototype. Throughout the semester we will strive to further our understanding of the technologies that we are using and to discover both their potential and limitations

	7. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;  
	As is always inevitable in designing anything, we will most assuredly make some errors while creating this device, but we strive earnestly to avoid errors and once found we will correct them as soon as possible
We will also ensure that we credit anyone who has had a contribution in helping create our design whether they are our TA or an online source it is our job to credit anything that we gained from their work

	8. to treat fairly all persons regardless of such factors as race, religion, gender, disability, age, or national origin;  
	We will treat all persons the same regardless of their race, religion, gender, disability, age, or national origin
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