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[bookmark: _Toc349896390]1.0 Introduction
[bookmark: _Toc349896391]1.1 Title
	This project was selected because there is a need for easier swim time tracking during practice.  We have been given specifications by Illini swim coach Howard Schein who we will work with throughout our project.  We are convinced that this product will be marketable since it is easy to set up for swim training in public pools.  We are looking forward to improving the process of swim training by giving the coach “hands-free” lap timing, minimizing set-up time, and gathering data easier.  Our final product will be a battery powered, poolside module that, via RFID, can track incoming swimmers and wirelessly relay their data to a computer where it can be transferred and observed on a user friendly interface such as Microsoft Excel.  
[bookmark: _Toc349896392]1.2 Objectives
[bookmark: _Toc349896393]1.2.1Goals
· Help coaches record and adjust lap times during training.
· Coaches can view trends in lap times (improving, etc…)
· Store data acquired and make it easier for the coaches to read.
[bookmark: _Toc349896394]1.2.2 Functions
· Acquire lap time from the swimmers triggering a RFID sensor.
· Transmit data via Bluetooth to coach’s laptop for easy viewing.
· Allow coaches to adjust rest times between sets on their laptop.
[bookmark: _Toc349896395]1.2.3 Benefits
· Faster, easier, and accurate lap time recording.
· Data is easily acquired without coach’s involvement.
· Coaches can view lap times in excel format without hassle.
[bookmark: _Toc349896396]1.2.4 Features
·    RFID sensor located on swimmer to trigger timer to start/stop.
· Time tracker to adjust coach’s desired rest times between lap sets for desired swimmers.
· Wireless transceiver (Bluetooth) to transfer data between a laptop and the timing box.
· Software to display data as an excel spreadsheet.
· Waterproof enclosure to protect electrical components and batteries.

2.0 Design
[bookmark: _Toc349896397]2.1 Block Diagram
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[bookmark: _Toc349896398]2.2 Block Descriptions
1. Power Supply
	The power supply will be a bank of removable batteries installed inside the waterproof enclosure.  We will need 7 - 12V to power a Bluetooth transmitter and microcontroller.  Therefore we will use a 12V battery to power the electronics in the waterproof enclosure.  We will have a rechargeable battery that you can plug into the wall while you are not using it.  It will be only able to charge when the power switch is off.
2. Laptop
The computer will be provided by the user so the system must be universal in the sense that there are many options that the user could bring.  Almost all laptop computers now have Bluetooth capabilities so it will be assumed that it connect with the Bluetooth modem attached to the microcontroller.  The computer will send the microcontroller a signal that will then tell the swimmers to begin their laps.  When the swimmer reaches and activates the sensor, the microcontroller will then send back a time as well as identification unique to that sensor.  Initially, this data will be logged in a simple .txt or .csv file.  When the user notifies the computer that the swimmers have finished, the .txt or .csv file will close and then be opened in Excel where the data can be logged in a user friendly way and perhaps linked to past information to help track athlete progress.
3. Microcontroller
	The microcontroller will be an ATmega328.  This chip is low powered enough that it will not drain batteries as well as not cause bodily damage if dropped into the water.  However, it does have the processing power that we will need to provide communications and calculations between the swimmers and ultimately the computer. Serial ports (up to 115,200 baud rate) will allow the microcontroller to send dense amounts of data via Bluetooth transmission to the computer where it can then be processed and organized in a reader friendly manor.  Digital outputs will allow to control the LED’s and pass information to the swimmers such as when their next lap will start. The chip also includes 35Kb of memory that will hold the program as well as temporarily hold data to ensure that the computer has received it.  ATmega328 will run by an external 16MHz crystal which will provide ample speed for the products functionality. 
4. Buttons
	There will be a block of four buttons located in the box on the gutter.  Each button will be designated for a single swimmer.  Once the coach initiates the program and swimmers return and press the button, it will stop the timer and trigger the rest period.  Once all the rest periods have taken place, the last time the swimmer presses their button, it will stop the timer and trigger the red LED.
5. LED signals
	 Near the pool next in the same container as the buttons, there will be a display of nine LEDs consisting of one red, four yellow, and four greens.  These will inform the swimmers on the status of their program.  A red LED will be lit when the practice program is not in progress and the system is waiting on the user (coach) to initiate it.  Once the program has been turned on, a yellow light begins to blink to provide a countdown for the first swimmer for which when the countdown reaches zero one green LED turns on.  The yellow immediately begins blinking again to provide a countdown for the next swimmer.  Once each swimmer has returned to the poolside and activates their sensor, their corresponding green LED turns off to inform them that their time has been logged.  
6. Bluetooth Transceiver
	To wirelessly communicate between the microcontroller and the computer, the product will take advantage of the BlueSMiRF RP-SMA Bluetooth Modem. The modem operates at standard 2.4GHz with a maximum baud rate of 115,200, the same as the ATmega328. The units have been said to test successfully in a range of 350ft as well as “harsh” RF environments.  The modem will be physically connected to the microcontroller via PCB and sit a relatively close yet safe distance from the pool in a waterproof container. From there, signals from the microcontroller will be sent to and from the computer holding data about the swimmers, their times, and the practice program the coach has selected.


[bookmark: _Toc349896399]2.3 Schematics
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Figure 1. Microcontroller Schematic
[image: ]
Figure 2. Bluetooth Transceiver Schematic








2.4 Simulations
	Below is our simulation of engaging our button.  It shows that there is no “bouncing” in our button.  However, we will create a debouncing system for our buttons to make sure there is no chance of any “bouncing”.
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[bookmark: _GoBack]Figure 3. Button “Bouncing” Check Simulation



[bookmark: _Toc349896400]3.0 Requirements and Verification
[bookmark: _Toc349896401]3.1 Requirements/Verification

	Requirements
	Verification

	Power Supply:
1. The battery unit should contain a full-charge voltage.
2. The battery should be rechargeable via wall outlet.
3. The battery should be able to recharge in 20 hours.
4. The battery should have a discharge rate of 12 hours.

	1. Probe battery terminals with multimeter, voltage should be 12 V +/- 5%.
2. Probe battery terminals with multimeter before charging. Plug battery into wall and let charge for 1 hour. After charging probe battery terminals again, the voltage should increase.
3. Drain battery to 0 Volts. After connecting the terminals to a charger, plug battery into wall and let charge for 20 hours. Probe the battery terminals with a multimeter, voltage should read 12 V +/- 5%.  
4. Connect battery terminals to a load requiring 7Ah. Using a multimeter take measurements every 1-2 hours. Voltage should be 0 volts in 12 hours.

	Buttons:
1. Signal is grounded when button is open.
2. When pushed the buttons must transmit a signal.
	
1. Probe button terminals with multimeter.

2. Probe button terminals with multimeter, check that 90% of load is transmitted.

	LED signals:
1. LED’s must light up when a 2mA source is connected to them.
2. Red LED must turn on with stop swim stage.
3. Yellow LED must turn on with rest swim stage.
4. Green LED must turn on with go swim stage.
	1. Connect the LED terminals to a 2mA source.

2. During stop stage red LED will be illuminated.


3. During rest stage yellow LED will be illuminated.

4. During go stage green LED will be illuminated.

	Microcontroller:
1. The microcontroller must time and record 4 time periods.
2. The buttons must trigger the microcontrollers timing mechanism.
3. The microcontroller must record correct swimming times.
4. The microcontroller must send data to the Bluetooth.
5. The microcontroller must be able to store 4 different time recordings.

6. The microcontroller must be able to vary the rest times via the laptop.

	1. Output recorded times to text file. 
2. Output time when button is pushed along with every ten seconds until button is pushed again.

3. Output time, compare with manual stopwatch.

4. Transmit a 300 bit binary code with max 2% error. 

5. Directly access the microcontroller’s data and output time records from corresponding outputs.
6. Vary the rest times via laptop and run different lap time tests and output the rest times used in the tests.

	Bluetooth Transceiver:
1. The Bluetooth transceiver must communicate with the laptop.
2. The Bluetooth transceiver must transmit data to the laptop up to a 50+ ft radius.
	1. Transmit a 300 bit binary code with max 2% error.

2. Transmit a 300 bit binary code with max 2% error at a range of 50+ feet.

	Laptop:
1. The laptop must be able to communicate with Bluetooth transceiver.
2. The laptop must be able to adjust the rest periods for each of the four swimmers.
3. The laptop must run a program to transfer data received from the Bluetooth transceiver to a data sheet.
	1. Transmit a 300 bit binary code with max 2% error.

2. Vary the rest times via laptop and run different lap time tests and output the rest times used in the test.

3. Run different lap time tests and output times in a text file (Excel Sheet Form).

	Box:
1. Pool gutter box must be waterproof.
2. Red LED must work in wet conditions.
3. Yellow LED must work in wet conditions.
4. Green LED must work in wet conditions.
5. Buttons must work in wet condition.
	1. Pour 5-gallon bucket of water directly on top of the box.
2. Red LED lights up during stop period. 
3. Yellow LED lights up during rest period.

4. Green LED lights up during go period.

5. Swim times are outputted to computer.



[bookmark: _Toc349896402]3.2 Tolerance Analysis
	The most critical aspect of this project is the network’s ability to communicate as whole.  The poolside devices must be able to accurately send their recorded data to a computer in order for it to be recorded and logged. Due to Bluetooth technologies being simpler than WiFi, we have selected the former as our form of communication.  However, Bluetooth may have some drawbacks.  Unlike WiFi, it is most often used for a single path, connecting two devices.  Also, a computer near the pool is not a desirable so we need to be sure that the network communicates from a safe distance.  Ten meters is a reasonable and feasible interval.  With a pool about 20 meters wide, if the computer were to sit near the middle lanes ten meters from the water, the computer should communicate with devices in the 1m- 15m.  In order to test these tolerances we will continuously increase distance the wireless signal must cover and measure the frequency of connections lost and inaccurate data.
[bookmark: _Toc349896403]3.3 Ethical Issues
	Ethics is a very important issue when it comes to an engineering project that must be taken into consideration. This project has a couple of ethical issues that need to be addressed and considered. The following issues are from the IEEE code of Ethics, the numbers correspond to the ethical issue number.
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
Since the project will be near the location rule one of the IEEE Code of ethics needs to be address. This rule must be addressed because of the use of electrical hardware next to a swimming pool. The hardware will be enclosed in a waterproof box however this must be addressed in case the electrical components would be exposure to water. If this were to occur, for example the box falling into the pool or a broken box, the water would short the hardware and not cause damage to the patrons. Only 12-volts will be used causing no harm to come to the patrons. However, there will be a broken nonfunctional hardware.
3. to be honest and realistic in stating claims or estimates based on available data
This rule is important because the project will be sending information wirelessly by Bluetooth to a computer. It is important and ethical to deliver appropriate claims about how far the data can be sent. The computer will need to be within range to receive the data being sent.
9. to avoid injuring others, their property, reputation, or employment by false or malicious action
Due to this project being used in public pools, it is important that the project does not damage the property of the pool. It is also very important that the project does not injure any patrons.


[bookmark: _Toc349896404]4.0 Cost and Schedule
[bookmark: _Toc349896405]4.1 Labor
	Name
	Hourly Rate
	Total Hours Worked
	Total = Hourly Rate x 2.5 x Total Hours Worked

	Phil Niemerg
	$35.00
	200
	$17500.00

	Lin Stacey
	$35.00
	200
	$17500.00

	Ryan Turner
	$35.00
	200
	$17500.00

	Total
	$105.00
	600
	$52500.00



[bookmark: _Toc349896406]4.2 Parts
	Item
	Part Number
	Quantity
	Total Cost ($)

	Button’s
	
	4
	$15.00

	ATmega328 
	COM-09061
	1
	$4.30

	Crystal 16MHz
	COM-00536
	1
	$0.95

	10 KΩ Resistor
	COM-08374
	1
	$0.25

	1 KΩ Resistor
	COM-08980
	1
	$0.25

	22pF Ceramic Capacitor
	COM-08571
	2
	$.50

	.1µF Ceramic Capacitor
	COM-08375
	3
	$0.75

	5mm Red LED
	COM-09590
	2
	$0.70

	5mm Yellow LED
	COM-09594
	4
	$1.40

	5mm Green LED
	COM-09592
	4
	$1.40

	Bluetooth Modem - BlueSMiRF RP-SMA
	WRL-00158
	1
	$65.00

	Waterproof Wire Connectors
	
	4
	$5.00

	PCB
	
	1
	$20.00

	12V Battery
	
	1
	$25.00

	Waterproof Enclosure
	
	1
	$15.00

	TOTAL COST
	
	
	$154.45



[bookmark: _Toc349896407]4.3 Grand Total
	Labor ($)
	Parts ($)
	Grand Total ($)

	52500.00
	154.45
	52654.45



[bookmark: _Toc349896408]4.4 Schedule
	Week
	Task
	Responsibility

	2/11
	Get buttons and waterproof case and 12 V battery
	Phil

	
	Research excel file management over Bluetooth
	Lin

	
	Order Microcontroller and Bluetooth Module
	Ryan

	2/18
	Construct case with power outlet and cord connections
	Phil

	
	Begin programming code for Microcontroller
	Lin

	
	Research Bluetooth, establish communication
	Ryan

	2/25
	Design Review Preparation
	Phil

	
	Hardware Schematics
	Lin

	
	Bluetooth Communication to Arduino
	Ryan

	3/4
	Set up buttons/RFID for each swimmer
	Phil

	
	Establish RFID communication
	Lin

	
	Design PCB on Eagle / PCB build from Electronic Shop
	Ryan

	3/11
	Test button communication
	Phil

	
	Begin work on computer program
	Lin

	
	Populate and test PCB and test Bluetooth communication to computer
	Ryan

	3/18
	SPRING BREAK
	ALL

	3/25
	Finalize outward appearance
	Phil

	
	Finish Computer program
	Lin

	
	Second Revision of PCB
	Ryan

	4/1
	Set up demo for mock presentation
	Phil

	
	Test Bluetooth communication at pool
	Lin

	
	Test button/RFID communication at pool
	Ryan

	4/8
	Work on Final Paper
	Phil

	
	Work on Final Presentation 
	Lin

	
	Review Final Paper and Final Presentation
	Ryan

	4/15
	Test integrity of box
	Phil

	
	Finish Final Paper
	Lin

	
	Finish Final Presentation
	Ryan





[bookmark: _Toc349896409]5.0 References
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8

image3.png
A

P

A

e w vee
2 1 VIN VOuT = Loze
7 Rz
3w ] o . fo 1.
e R T
3 s FREGTIOT
=
P
m () o
RISCIS Shr
w o omw
) [ St Sam
ok ok
P e S 9
o
at | s
et
= OO e u Bieado o b
B 598 et Yanc
1 oo 58w |2
@ o o ses
| Poal B o o
| won plois) 5
I RESET PIO3] 0 Statst
] Swax P [
s . T honax wep 5
10K 10K ] POM_SYNC USB D+ 16 CTS
RTS, RTS 5V vee 70 POMN UART CTS RIS
LT UAKTRIS [ KT
oD Uk [
Ea o UART R
s Re  crssv & &
i’
| 2
T .
BlueSMiRF RPSMA
S N =
A Spark Fun Electronics | 3-25-04
o E— T =
T S T e





image4.png
1

£ 1 563V

Agilent

Boquisition
Normal
1.00MSa/s
Channels
0 1.001
i 1.001
i 1.001
0c 1.001
Measurements
Bvg - FS1)
4.184v
Fiato - Cyo[1~+1]
C—— |
Nin{1)
[y 0.0v
Max( 1]
17.7%
Tty Mem
Annotation

-~





image1.png




image2.png
+5Y

5y

R2
1k

5y
5y

»
Us7x32
s

D
5y

D

. N
E
&l

2
El

5y

Lt
“Troom

9
&

RESET (sciopes
iisapea

MosoPe

xra2 (ssypez
(@crpet

xTaLt acere0

(ocapcs
arer (ocapca
avee (ocspes
aohD oczpcs
oCPLt
(ocopco
vee
oo
CaDPD1
Ganopos
(1S
(TR0
NTPDZ
(nToPDz
(Pt
REDPDD

ATMEGA328

Tu

&

Bl

El

I





