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I. Introduction
1.   Statement of Purpose
This project is intended to be used by swimmers in triathlons or open water swimming competitions. The project will provide a remote alarm system connecting the athletes and rescuers so that the rescuers can quickly find the athletes that need help.

2.  Objectives
Some people have died in the swimming portion of the game because of heart attack or some other reasons. However, since there are many athletes in water at the same time, it is hard for the rescuers to notice that someone needs help. We design this project to solve this problem and save lives.

This project includes two parts: swimmer unit and rescuer unit. The swimmer unit should be carried by each player and the rescuer unit is used by rescuers traveling with the players on motorized water scooters. The swimmer unit includes a heart rate monitor. Once it detects an abnormal heart rate, the buzzer will sound and LED will light. At the same time, the emitter will send out a signal to the rescuer. When the receiver receives the signal, it will trigger the alarm and LED to notice the rescuer that someone needs help. This will bring help to the athletes in a shorter time. Our system also includes a manual switch that can be controlled by the swimmer to manually call for help by turning on the switch. It will also trigger the alarm system and send signals to rescuers.

Benefits:
· Easier for rescuers to know someone needs help.
· Able to get notice from surrounding swimmers when emergency happens.
· Automatic alarm when heart rate goes beyond the set range.
· Able to manually call for help if feeling uncomfortable.
· Waterproof.
· The heart rate monitor can be wearing on ear and the swimmer unit can be carried on swimmer’s back. The whole system is small enough that won’t affect swimmer’s movement.

Features:
· Bright LED and buzzer alarm to get notice for help.
· Wireless signal emitter and receiver transmit signal underwater.
· Heart rate monitor detect abnormal heart rate behavior.
· Manual switch for option to control the system.
II. Design
1. Overall design
The swimmer unit will be put into a hard waterproof box except the pulse sensor. The box should be transparent in order to get LED light go through. A top view of the unit is shown in Figure 1. We will make one hole on the front side of the unit for the pulse sensor’s wire goes through. After the wire is set, we will use waterproof glue to prevent water flows into the box through the hole. We will make another bigger hole on the top side of the box for manual switch. In order for swimmer to push the button, we will seal a piece of plastic film over the hole. Since the biggest part for swimmer unit is the Arduino board, whose dimension is 2.7*2.1 in, the waterproof case is proposed to be about 4*4*2 in. [1]
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Figure 1. Top View of Swimmer Unit
 (
PCB Board
Alarm
LED Bar
)The rescuer unit is built on a PCB board. There are mainly three parts: XBEE antenna, alarm and LED Bar. A top view of rescuer unit is shown in Figure 2. Since this part is designed to be carried by rescuer, there is no need to make this unit waterproof.
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Figure 2. Top View of Rescuer Unit

2. Block Diagram
[image: ]
Figure 3. Swimmer Unit
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Figure 4. Rescuer Unit

3.  Block Description
· Pulse Sensor:
This refers to a heart rate sensor that can be wearing on ear. It is shown in Figure 5. This sensor is used to measure the heart rate of swimmers. As shown in the figure, the sensor has three outputs: Power (5V), Ground and signal. These outputs are connected directly to Arduino board on pin 5V, GND and pin A0(Analog Input 0) respectively. The sensor provides a code can be used for Arduino. This program provides BPM, time between heart beat and a heart rate plot update every beat. These data are sent to the Arduino for analysis.
[image: ]
Figure 5. Heart rate sensor [2]
· Arduino Uno:

An Arduino Uno board is used to control the functionality of the system. Accepting the output of pulse sensor as an analog input (pin A0), the heart rate information will be analyzed by the microcontroller to detect if the swimmer has abnormal heart behavior. The arduino also accepts signal from manual pushbutton switch as input (pin 2) to get indication of whether the swimmer feels uncomfortable. Specifically, as stated in the detailed flow chart (Figure 10), by programming the arduino, we will set a high and low threshold of heart rate and a up limit of heart rate change in unit time. Thus, either when data from pin A0 indicating that the heart rate of swimmer goes out of the range or changes too rapidly, or when the input from pin 2 indicating switch asking for help is manually pressed, the arduino should be able to give high signal feeding to XBEE transmitter, the alarm and the LEDs.  The Arduino should also control the circuit such that the alarm system is triggered for a certain time period even the input indicating alarm required is only a short pulse, thus swimmer and helpers will have time to get noticed.

· Manual Switch:

A push button switch will be put on the PCB board and connected as an input for arduino. This allows the swimmer manually trigger the alarm system and send rescuing signal through the wireless transmitter. This function enables the athlete to call for help when he or she feels uncomfortable even when the heart rate is still within the normal range. Specifically, we use a 3-pin push button switch specific designed for arduino. The three pins GND,VCC and OUT are connected to the GND,5V VCC and P2(digital input) on arduino respectively. 

· Alarm and LED:
When arduino is indicating a need to call for help, it will trigger the alarm and LED at the swimmers’ side. Similarly, the alarm circuit will trigger the alarm and LED at the rescuers’ side. At the swimmers’ side, the alarm will sound and the LED will light up to notify surrounding. At the rescuers’ side, the alarm and LED will call for the rescuers’ attention to help the athletes. The rated voltage for buzzer alarm and LEDs is 5VDC. The sound level for the alarm is 95dB, which is loud enough to notice the surrounding swimmer. [3] On swimmer side, the piezo buzzer is connected to arduino output at pin4 in series with a 100 ohm resistor, in order to make sure that appropriate current goes through the buzzer when it is triggered. Similarly a 50 ohm resistor is connected in series of each column of 3 LEDs in the LED arrays. The inputs of LEDs are connected to pin8 on arduino which will be high when alarm system is triggered. In rescuer unit, the connections are similar while the output from alarm circuit is used as input to control the buzzer and LEDs. This signal is an extended pulse received by XBEE receiver, thus the buzzer and LEDs will be keeping on for a certain period of time to get notice from rescuers.
· XBEE Circuit:

A XBEE module can be used as either transmitter or receiver. We will... Considering the fact that signal transmission will be greatly influenced by the water, we choose to use XBEE pro which is able to transmit for longer distance. In order to integrate the XBEE modules appropriately with the rest of circuit, we will first build an adapter for each XBEE.
The adapter contains two 1x10 pin headers with sockets on one side and pins on the other side (female header).Thus the XBEE module will not be soldered on and are able to be taken out easily. The adapter also contains a 1x8 header with pins on both side (male header).It will provide 6 outputs used to connect XBEE to computer through a FTDI cable, as stated in Figure 6.Output pin1 is connected to ground,pin2 is connected to pin12 on XBEE which is CTS Control,pin3 is connected to 3.3v VCC used for XBEE,pin4 is connected to TX data output of XBEE,pin5 is connected to RX data input of XBEE and pin 6 is connected to pin16 on XBEE which is its RTS Control. An LD1117 series voltage regulator is also on the adapter to regulate 9V voltage from battery to 3.3V which is required by XBEE module. Capacitors are used as indicated in detailed schematics (Figure 8) in order to avoid ripple voltage.
In swimmer unit, the data input from arduino pin TX is connect to pin RX(DIN) on XBEE transmitter, while in rescuer unit, the pin TX(DOUT) of XBEE receiver is used as input for alarm circuit.

[image: http://courses.ece.illinois.edu/ece445/wiki/?n=Topics.MaxstreamXbee?action=download&upname=ftdi_schematic_09.jpg]
Figure 6.  Schematic of FTDI [4]
· Alarm Circuit:
This circuit takes data from the XBEE receiver to control the LED array and alarm on rescuer side. In order to extend the input to make sure that the alarm and LEDs will keep on for certain time once they received trigger signal, we use a 555 timer to build a delay circuit. [5] The extended time is in proportional to the resistance and capacitance of resistor and capacitor we used (Calculation 2). We also invert the data from XBEE receiver to be the input of timer in order to get expected behavior such that the output of timer has high pulse fed to LEDs and alarm when XBEE received high signal.  
· Power Supply:
For swimmer unit, we use a 9V rechargeable battery to power the arduino. The battery is connected to arduino through an adapter as shown in Figure 6. The arduino has a 5V DC output, which can be used to power the pulse sensor, alarm and LED. The XBEE module requires a 3.3VDC supply. A 9V to 3.3V voltage regulator is used to achieve this goal. Similarly, for rescuer unit, we use a 9V battery to supply voltage and use regulator to get 3.3V required by XBEE.
[image: ]
Figure 7.  9V Battery Adapter for Arduino [6]


1. Schematics
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Figure 8. Swimmer Unit Schematic
(Connection of Voltage Regular is based on reference datasheet [7])
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Figure 9. Schematic for Arduino Uno [8]
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Figure 10. Rescuer Unit Schematic

















5.  Flow chart
[image: \\ad.uillinois.edu\engr\instructional\gong10\Desktop\Flow_chart_TX.png]
Figure 10. Flow Chart for Swimmer Unit Arduino


6.  Simulations and Calculations
(1) Battery Life
 To calculate the batter life, we need to know the power consumption of our circuit. The battery has a capacity of 250mAh. [9] We can calculate the energy that the battery holds after it fully charged as shown in equation (1).

                           (1)
In our swimmer unit, only pulse sensor, arduino and XBEE antenna are working under no alarm condition. To calculate the power for these three components, we use equation (2). 

                                                                                                 (2)
Using the data from datasheet, we get Pno_alarm under at about163.86mW. Next, we use equation (2) again to calculate the P under the condition of alarm is on. This time, we need to add in alarm and LED circuit. Since other components have much lower power consumption compared to LEDs, we only consider the power for LED lights, which gives us a Pfull_function of about 2.5W. To calculate how long the unit can work after fully charge the battery, we make the following assumptions:
· The system is used once per week
· Each time the unit works under no alarm condition for 30min (0.5h)
· Each time the unit works under full function condition for 2min
Based on above information, we can estimate the battery life time after it’s fully charged:

                      (3)
Using equation (3), we know the system can be used about 3.5 month after fully charge the battery.
(2) Delay Circuit
According to reference tutorial [10], the delay time achieved by a 555 timer delay circuit is given by the equation:                              
                                                                                                                                                          (4)
The time is in mS unit, R is in kohm and C is in µF. Therefore we can select resistor and capacitor according to the delay time we want. As stated in schematic diagram (Figure10)
The time delay we have is 
                                                                 (5)
(3) LED arrays
In the LED arrays, 3 LEDs are connected in series for each column. According to reference tutorial [11], the forward voltage drop of LED is 1.2v, the expected current is around 0.05A Assume the input voltage can reach 5v, therefore the resistance is given by:

III. Requirements and Verification
1.   Verification
	Test Part
	Requirements
	Verification Process

	Pulse sensor
	The pulse sensor should be continuously reading correct heart rate and output the data to arduino.
1. Pulse sensor should read correct heart rate when it is put on human’s ear.
2. The sensor should continuously read heart rate while it is wearing.
	Connect the pulse sensor to the arduino, connect the arduino to computer and load the pulse sensor program. Ensure the pulse sensor is connected to the right pins of arduino board. Wear the sensor on ear properly. Power on the arduino board. 
1. Open the program. It should reads normal heart rate.
2.  Keep the sensor on for a few minutes. The program should continuously read correct heart rate.

	Arduino
	Arduino outputs a logical high (5V) when it triggers the alarm and outputs a logical low (0V) when it does not trigger the alarm. This requires following function should working
1. Trigger the alarm when manual switch shows a need.
(a) Trigger the alarm when manual switch is closed.
(b) Don’t trigger the alarm when manual switch is open.
2. Trigger the alarm when pulse sensor shows a need.
(a) Trigger the alarm when heart rate goes beyond normal range.
(b) Don’t trigger the alarm when heart rate in within normal range.
	Measure the voltage at signal output of arduino. 
1. To test the manual switch response, use test code to generate a heart rate within normal range.
(a) Press the switch to close the circuit, the output voltage should be 5V.
(b) Press the switch again to open the circuit; the output voltage should be 0V.
2. To test the heart rate response, open the manual switch. 
(a) Use test code to simulate heart rate of 210 BPM and check if the signal output voltage is 5V.
(b) Use test code to simulate heart rate of 90 BPM and check if the signal output voltage is 0V.

	XBEE circuit
	The antenna should send out and receive signal as soon as arduino indicates a need. To test the transmitter circuit, measure the voltage at DIN pin of the XBEE transmitter circuit. For testing the receiver, measure the voltage at DOUT pin of the XBEE receiver circuit. If they send out or receive a signal, this should show a logical high, which is 3.3V. In contract, a logical low refers to 0V.
1. Don’t transmit signal when arduino generates a low output.
2. Transmit signal when arduino generates a high output.
	To test the antenna, turns manual switch on and off to let the arduino generate high and low output.
1. Open the manual switch
· The transmitter pin should read a 0V.
· The receiver pin should also read a 0V.
2. Close the manual switch
· The transmitter pin should read a 3.3V.
· The receiver pin should also read a 3.3V.

	Alarm circuit
	Alarm circuit should trigger the alarm and LED at rescuer unit when needed.
1. The alarm circuit should trigger the buzzer alarm and LED if the XBEE circuit receives a signal. This leads to a logical high (3.3V) output.
2.  The circuit should at rest if no signal is received. This leads to a logical low (0V) output.
	To test the alarm circuit, connect the input of the circuit to 3.3V and GND separately and check the output voltage.
1. When input 3.3V, output should be 3.3V.
2. When input GND, output should be 0V.

	Whole circuit underwater
	Underwater test. The system should be able to work within 25m underwater.
	Put the swimmer unit into water and the rescuer unit at 25m away. Turns on manual switch, check if the both unit starts alarm.



2.   Tolerance Analysis
Tolerance analysis will be performed on the wireless signal transmission system, since the success of this project greatly depends on the efficient transmission of the alarm signal from swimmers underwater to the rescuers. Suppose the rescuers are on the boat following swimmers in the competition, we set the minimum distance for transmission at 25m±5m. Specifically, the behavior of the wireless emitter and receiver will be tested when the emitter is placed underwater and the receiver is placed 25m away. The signal should be able to travel through water and be detectable for the receiver over such distance.


3. Ethical Issues
We will abide the following rules from the IEEE Code of Ethics [12]:

3. to be honest and realistic in stating claims or estimates based on available data;
7. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others;
9. to avoid injuring others, their property, reputation, or employment by false or malicious action;

The swimmer unit for our project is going to be used underwater. To ensure safety, we will use 9V battery to power up the circuit. In addition, we will make sure all the components are waterproofed and avoid any electricity leakage. Since our project is intended to help preventing death in swimming section of triathlon, the whole circuit will be fully test before it brought to use by any athletes.

IV. Cost and Schedule
1. Cost Analysis
▪ LABOR
	Name
	Rate
	Hours
	

	Zilin Dou
	$40/hr
	160
	$16,000

	Yunye Gong
	$40/hr
	160
	$16,000

	Total
	$32,000



▪ PARTS
	Part
	Unit Cost
	Quantity
	Total

	Pulse Sensor
	$20
	1
	$20

	XBEE PRO XB24-ACI-001
	$38
	2
	$76

	Arduino UNO with ATmega328
	$21
	1
	$21

	PushButton switch wRobot 545038 
	$3
	1
	$3

	Voltage Regulator LD1117
	$0.2
	2
	$0.4

	Piezo Buzzer Alarm CEM-1203 
	$6
	2
	$12

	LEDs
	$0.25
	20
	$5

	Resistor, capacitor, switch, logic gates
	
	
	$10

	PCB
	$33
	2
	$66

	Battery adapter for Arduino
	$3
	1
	$3

	NE555 Timer
	$1.5
	1
	$1.5

	Inverter SN7404
	$1.87
	1
	$1.87

	Pin Header 1x10 
	$0.625
	6
	$3.75

	Pin Header 1x8
	$0.25
	2
	$0.5

	FTDI connector
	$9.88
	1
	$9.88

	Total
	$238.9



▪ GRAND TOTAL
	Labor
	$32,000

	Parts
	$238.9

	Grand Total
	$32,238.9



2. Schedule
	Week
	Zilin Dou
	Yunye Gong

	8/26
	· Initial post
	· Initial post

	9/2
	· Brain storm
	· Brain storm

	9/9
	· Post RFA
	· Update project page

	9/16
	· Proposal: Introduction, verification and compile
· Research heart rate monitor information
	· Proposal: Cost and requirements
· Research and learn about MCU


	9/23
	· Sign up DR
· Write DR document
	· Design circuits
· Draw detailed Schematics and Flow Charts

	9/30
	· Order parts
· Test pulse sensor 

	· Programming Arduino to realize its control function of  analyzing heart rate data and selecting inputs to control Alarm and LED matrix

	10/7
	· Implement and test Alarm and LED matrix on Swimmer Unit 
	· Implement and test XBEE adapters

	10/14
	· Integrate tested units and implement complete PCB for swimmer unit 
· Implement and test alarm circuit in rescuer unit
	· Test if arduino can trigger alarm when pulse sensor shows a need
· Test if arduino can trigger alarm when manual switch shows a need 

	10/21
	· Test XBEE transmit data when input high
· Test XBEE stay at rest when input low
	· Integrate waterproof box
· Integrate tested units and implement complete PCB for rescuer unit

	10/28
	· Test the whole circuit functionality
	· Test the whole circuit functionality

	11/4
	· Sign up and prepare Mock-up presentations
	· Test if circuit works underwater for 25m

	11/11
	· Write final report
	· Write final report

	11/18
	· Thanksgiving

	11/25
	· Prepare demos and presentation

	12/2
	· Demos
	· Demos

	12/9
	· Presentation
	· Presentation
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