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Abstract— The wrist watch  with Heart Attack Detection is 

equipment that is used daily to indicate heart condition, to 

detect heart attack and to call for emergency help. It was 

designed specially to help  patients with heart disease.This 

includes three common sub units. They are Circuit, Analysis 

Algorithm, and Bluetooth Communication. The first one is 

to wear on the wrist of the patient to captures the abnormal 

heart beat waves from the victim and the alternate methods 

are installed under the stick. This project is based on the 

previous project “Wireless Heart Attack Detector with GPS” 

of Fall 2004 [1]. we consider a big improvement in reducing 

the complexity of the project greatly, in saving power 

consumption of the project to run much fewer codes and in 

making the project to run at a faster time.    No wire is 

attached to the wrists. In our project, the ECG waveform is 

transmitted wirelessly from the wrists to the  watch. This 

gives the user great flexibility while the program is switched 

on and running. User can drive safely, can use restroom 

easily and can function normally like without the project. 

Previous project had the wire connection. All the hardware 

on the walking watch would have been strapped to the 

wrists. This will not make the project functional and 

marketable. Our project is completely portable. Heart 

condition is displayed in our project. The previous project 

did not inform the user about his heart condition. We display 

the heart condition through two LEDs as low-risk (alert 

level between 4 and 6) and high risk (alert level between 7 

and 9). The user can know their heart condition and take 

proper action to avoid the fatal moment. Proper action could 

be slowing down and taking a rest.  

Keywords: ECG, CAD, A/D converter 

I. INTRODUCTION 

The National Heart, Lung, and Blood Institute [2] states that 

“more than a million persons in the U.S. have a heart attack 

and about half (515,000) of them die in each year. About 

one-half of those who die do so within 1 hour of the start of 

symptoms and before reaching the hospital”. A heart attack 

happens to a person when the blood flow and oxygen supply 

to heart muscle is blocked, and it is mostly caused by the 

Coronary Artery Disease (CAD) [2].  CAD occurs when the 

arteries that supply blood to the heart muscle (coronary 

arteries) become hardened and narrowed [3]. It often causes 

irregular heart beat or rhythm by blocking blood stream [2].  

The National Heart, Lung, and Blood Institute [2] suggest 

that “everyone should know the warning signs of a heart 

attack and how to get emergency help”. 

The symptoms of heart attack can be detected by 

observing electrocardiogram (ECG) waveform. An ECG is 

an electrical recording of the heart and is used in the 

investigation of heart disease [4]. An electrical impulse 

initiates muscle contraction, which results in heart beating. 

The spacing between pulses provides a measure of the 

heart’s rhythm, whereas the height of the pulses is an 

indicator of pumping strength [1]. By observing the ECG 

waveform, the heart condition of the patients can 

beexplained by doctors.. The wrist watch  is used as 

detection unit and as the medium asking for medical help. 

II. OVERVIEW OF DESIGN 

The ECG circuitry unit on the wrist captures abnormal heart 

beat signal from the patient. The microcontroller on the 

watch runs a heart attack algorithm. Warning is given out to 

the person about his heart condition. The Bluetooth 

emergency calling system calls for medical help at the 

moment of heart attack. This project aims to shorten the 

time between the moment of heart attack and the arrival of 

medical personal. The warning before the emergency call 

will give the patient a chance to avoid heart attack. 

 

Two biosensors worn on the user’s wrists send the 

real ECG signal to the analog ECG circuitry. The amplified 

and filtered analog output of the circuitry is converted from 

analog to digital signal and transmitted to the unit on the 

walking watch. The ECG circuitry unit, the A/D converter, 

and the transmitter are worn on one of the user’s wrists. The 

wireless connection between the unit on the wrist and the 

main unit on the watch gives the user more freedom to move 

by avoiding wire attachment between the wrist and the 

watch. 

The receiver on the watch receives the digital ECG 

signal, and the microcontroller runs a heart attack algorithm 

to detect possible heart attack symptoms. If any symptom of 

heart attack is detected, the risk level rises. When the risk 

level reaches up to the emergency mode, the Bluetooth 

module activates the user’s mobile phone to call 911 for 

medical help. Latest mobile phones include GPS function. 

Therefore, the GPS unit is eliminated from the previous 

project [3] as the mobile phone’s GPS can locate the user. 

III. SPECIFICATIONS 

The design of the ECG circuitry and the ECG algorithm, the 

specifications of the previous project “Wireless Heart Attack 
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Detector with GPS” [1] were used. The frequency range of 

ECG signal depends on the activity of individual. The 

typical range is approximately from 50 Hz to 70 Hz.  To 

cover a wide range of frequencies for all scenarios, the 

band-pass filter of the ECG circuitry is designed to have a 

lower cutoff frequency of 0.5 Hz and an upper cutoff 

frequency of 150 Hz.  The analog output of the ECG 

circuitry must be in the range between -2 V to 2V so that the 

A/D conversion operates properly. The overall amplification 

inside the ECG circuitry should be at least 3000 but no 

greater than 5000. The minimum sampling rate of A/D 

converter should be 400 Hz to capture the detailed ECG 

waveform that changes in millisecond unit [1]. 

The transmitted data and the received data must be 

the same. No noise should be added during the transmission. 

The distance for reliable transmission should be wide 

enough so that the movement of user is not limited in the 

near area of the watch. 40 feet is chosen as the user is 

assumed to be within this distance during all his activities. 

All the hardware should operate with low power 

consumption, and the microcontroller must show the least 

number of error when it runs the heart attack algorithm. 

High risk and low risk warnings should be shown when 

symptoms are detected. The delay time between the moment 

of heart attack detection and the activation of Bluetooth 

module should be as short as possible. 

IV. PERFORMANCE BENCHMARKS 

The total delay from the moment the microcontroller output 

a heart attack signal to the arrival of medical assistance 

should be shortened as much as possible. This delay is 

between the output of heart attack signal and the mobile 

phone calling. The delay time should be less than 45 second. 

 
Fig. 1.4: Subproject Flow Chart 

There are three main subprojects: ECG circuit unit, 

Analysis Algorithm, and Bluetooth Communication. The 

first unit is worn on the user’s wrist, and the rest two are 

installed in the watch. The ECG circuit unit captures ECG 

waveform from the user’s wrists by electrodes. It then 

amplifies and filters the ECG signal. After that, the signal is 

digitized by an A/D converter and is transmitted to the 

watch.  In Analysis Algorithm unit, the receiver first 

captures the digital ECG signal and feeds it to the 

microcontroller. The microcontroller runs the algorithm to 

detect heart attack and to raise the risk level. When a heart 

attack is confirmed, an emergency signal is sent to the 

Bluetooth Communication unit. In the Bluetooth 

Communication unit, the Bluetooth module activates the 

user’s mobile phone to call 911. 

V. DESIGN PROCEDURE 

A. Analog ECG Cicuitry 

Based on the “Wireless Heart Attack Detector with GPS” 

[3], we designed the three components, unity-gain buffers, 

differential amplifier and band-pass filter. The unity-gain 

buffers are needed for both wrists as impedance 

transformers. Although skin impedance is high, the input 

impedance of op-amps is infinity and the op-amps will be 

able to catch the bio signals out of the two electrodes. 

Differential amplifier will take the two bio signals and 

differentiate them with gain to get the desired ECG 

waveform. Band-pass filter will make sure that noise of 

frequencies outside 0.5 Hz and 150 Hz is eliminated. 

For the Calculation of the ECG circuitry design, the 

same procedure from the “Wireless Heart Attack Detector 

with GPS” [1] was used and was quoted as below. The 

differential amplifier gain should not exceed 33 in order to 

prevent a 300 mV electrode offset potential from causing the 

system to saturate. Figure 2.2 shows a diagram of the 

differential amplifier component of the circuit. 

 

Fig. 2.2.1: Differential Amplifier Component Diagram 

B. Data Transmission between Wrist and the Watch 

Our original design was to transmit the analog ECG 

waveform directly out of the ECG analog circuitry to the 

walking watch. We would use the analog signal 

transmission capability of the HP-3 transceiver. We wanted 

to make this data transmission wireless from the wrist to the 

watch. This would avoid the inconvenience of the watch 

attachment to the wrist. User can go into a car and put his 

watch at the back seats without detaching any wire between 

his wrist and the watch. He also does not have to switch the 

device off. When the watch falls down, it won’t drag the 

user’s wrist to the ground.  

After we browsed through the data sheet of the HP-

3 transceiver, we discovered that the analog bandwidth of 

the transceiver pair is between 50 Hz and 28000 Hz. As 

discussed in the previous project, normal ECG waveform 

has frequency range between 50 Hz and 70 Hz. However, to 

cover all the possible scenarios like sleeping and fast 

walking, the lower and the upper cutoff frequencies were 

decided to be 0.5 Hz and 150 Hz. Since the range from 0.5 

Hz and 50 Hz is outside the transmission bandwidth of the 

HP-3 transceiver, we thought about using mixer and 

oscillator to raise the lowest frequency of analog signal, 

which is 0.5 Hz, to 60 Hz. This would ensure correct 

transmission of the analog signal.  

When we discussed this idea with our TA, we were 

introduced to the RS232 capability of PIC. Since RS232 

signal is digital, we can use the same transceiver to transmit 

digital signal. We no longer have to worry about the lowest 

frequency of the analog signal along with the mixer and the 

oscillator. 

C. Analog ECG Signal to Digital ECG Signal 

Since we are using a PIC for its RS232 feature, we thought 

it would be natural to use the A/D conversion feature of the 

PIC. We then had to decide between using an 8-bit 

conversion or a 10-bit conversion. 10-bit conversion would 
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give higher resolution to the digitized ECG waveform. But, 

the final decision was determined by the RS232 

transmission. According to the PIC-C Compiler Manual, 

when defining #use RS232, bits sent can only be between 5 

and 9. Because 10 are not in this range, we decided to do 8-

bit A/D conversion. 

D. Heart Attack Detection 

When the microcontroller on the walking watch has 

received digital ECG data from the wrists, it will check for 

heart attack symptoms. We decided to use the heart attack 

algorithm developed by the previous project. We would like 

to indicate to the user his heart condition so that he can take 

proper action like slowing down or taking a rest before heart 

attack really happens to him. 

E.  Emergency Calling 

Previous project needed to use a Bluetooth module and a 

laptop to make an emergency call. Our goal was to eliminate 

the laptop. Our project will execute emergency calling with 

just a Bluetooth module. Bluetooth communication is 

wireless. The user can put his cell phone anywhere he wants 

as long as it is within the range of the Bluetooth 

communication. The user does not have to hang his cell 

phone to the walking watch, making his waking watch 

heavy and hindering his movement. 

The band-pass filter has a lower cut-off frequency 

of 1.59 Hz and an upper cut-off frequency of 106.1 Hz. The 

gain of band-pass filter is 150, and the overall gain is 

150×15=2250. 

F. A/D Conversion and RS232 of PIC16f877 

We use PIC16F877 as our microcontroller on the wrist. The 

connections to the PIC are shown in Appendix 1. Oscillator 

of 20 MHz is used as clock to the PIC. Analog ECG signal 

is sent to Pin2 RA0. Pin4 Vref
-
 is connected to 0 V and Pin5 

Vref
+
 is connected to 5 V. The analog signal will be 

digitized into 8 bits. The digital values will be between 0 

and 127. 0 V will correspond to 0, 1 V will correspond to 

50, 2 V will correspond to 100 and 2.5 V will correspond to 

125. Since the analog ECG waveform will be amplified to 

only 2 V, the highest digital value will be 100. The reason of 

not amplifying the signal to 2.5 V is to provide some error 

of margin in the real world. The sampling will be done with 

a while loop that runs continuously with the condition 

always set to ‘true’. Please refer to the C codes on Appendix 

5. The sampling rate of 400 Hz will be implemented by 

putting a delay of 2500 us in the while loop.  

After the digital values are obtained through the 

A/D conversion, the digital values are parallel 8 bits. These 

parallel 8 bits will be transformed into serial bits of the 

format of RS232. According to Wikipedia, RS-232 is a 

standard for serial binary data interchange between a DTE 

(Data Terminal Equipment) and a DCE(Data 

Communication Equipment) [5]. In our case, the DTE will 

be the PIC and the DCE will be the HP-3 transmitter. The 

RS232 format will consist of a ‘start’ bit, eight data bits, 

least-significant bit first, and a ‘stop’ bit. We also make sure 

the logic voltage level of RS232 will be between 0 V and 5 

V as required by the HP-3 transmitter.  

G. EB500 Bluetooth Module and Javelin Stamp 

Microcontroller 

When the alert level reaches 10, emergency calling through 

the user’s cell phone will be executed. In our project, the 

emergency calling will be done with only the Bluetooth 

module and the Javelin microcontroller. Laptop will not be 

used as an intermediate between Bluetooth module and the 

cell phone. When the Bluetooth module is first powered up, 

it is in command mode. Communication between the 

Bluetooth module and the microcontroller will be done in 

the form of UART. Please refer to the codes in Appendix 6. 

Microcontroller will send some commands to the Bluetooth 

module to set up a Bluetooth connection with the user’s cell 

phone. When the connection is successfully set up, which is 

indicated by the LED on the Bluetooth module, the module 

automatically switches to data mode. A successful Bluetooth 

connection is nothing more than a wireless serial cable. In 

data mode, everything sent by the Javelin microcontroller 

will be received by the cell phone.  

VI. DESIGN VERIFICATION/TESTING 

A. A/D Conversion 

To test the A/D conversion of the PIC, we would input a 

known voltage level and check the corresponding digital 

values.We tested the RS232 transmission pin of the PIC by 

the oscilloscope. The scope showed TTL signal between 0 V 

and 5 V. The signal was like a square wave.  

B. ECG Data Collection And Wireless Transmission 

Between Wrist And Watch 

To test the ability to obtain ECG waveform and the 

reliability of the data transmission between wrists and the 

watch, we displayed digital data received by the Javelin 

microcontroller on the monitor and plotted the data points in 

Excel. Please refer to the Appendix 3 for some digital ECG 

samples.  

C. Alert Level 

To test the low-risk and the high-risk LEDs, we used the 

same modified data. We displayed the alert level on the 

monitor and watched the LEDs. When the alert level on the 

monitor was between 4 and 6, the low risk LED shone 

accordingly. When the alert level on the monitor was 

between 7 and 9, the high risk LED shone accordingly. 

D. Emergency Calling 

We used the same modified data to trigger the alert level to 

rise above 9. When we did the testing, we changed the 

phone number to 2173335257, which is the lab phone’s 

number. The LED on the Bluetooth module light up 

accordingly, the Ericsson T610 cell phone’s screen showed 

the message “Dialing 2173335257” and the lab phone rang 

accordingly. 

E. Power Consumption    

The power consumption of the unit worn on wrist is 0.046 

W. The power consumption of the unit on the watch is 0.465 

W when Bluetooth module is not activated. The unit 

consumes 0.575 W when Bluetooth module is activated 

VII. ADVACEMENTS 

(1) We deleted four pages of Visual C++ codes of the 

previous project. Those codes are all on Appendix 

6 of the final paper of the previous project. The 

codes are very technical and complicated. In 

deleting them, we consider a big improvement in 

reducing the complexity of the project greatly, in 

saving power consumption of the project to run 

much fewer codes and in making the project to run 

at a faster time.  
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(2) We did not use a laptop as an intermediate between 

the Bluetooth module and the cell phone. Laptop is 

a very powerful machine that can store any 

programs like phone dialing program and can have 

hardware like Bluetooth and infra-red. Our project 

will never be marketable and useable if it required 

a laptop strapped to the watch. The elimination of 

the laptop greatly simplifies the hardware 

requirement. This elimination will reduce power 

consumption and the project’s executing time. 

(3) No wire is attached to the wrists. In our project, the 

ECG waveform is transmitted wirelessly from the 

wrists to the  watch. This gives the user great 

flexibility while the program is switched on and 

running. User can drive safely, can use restroom 

easily and can function normally like without the 

project. Previous project had the wire connection. 

All the hardware on the walking watch would have 

been strapped to the wrists. This will not make the 

project functional and marketable. 

(4) Our project is completely portable. We have two 

main units. One main unit is worn on the wrists and 

the other is installed on the walking watch. The 

wrist unit with batteries is 3.4 oz and the watch unit 

with batteries is 6.4 oz.  

(5) Heart condition is displayed in our project. The 

previous project did not inform the user about his 

heart condition. We display the heart condition 

through two LEDs as low-risk (alert level between 

4 and 6) and high risk (alert level between 7 and 9). 

The user can know their heart condition and take 

proper action to avoid the fatal moment. Proper 

action could be slowing down and taking a rest. 

VIII. CONCLUSION 

The Wrist watch with Heart Attack Detection functions as 

designed overall. ECG waves properly collected from 

analog circuitry unit. The transmitting and receiving of A/D 

converted waveform performed as expected. The most 

significant improvement was the emergency calling part. 

We successfully deleted the laptop between Bluetooth 

module and the mobile phone when activating emergency 

calling.     

A. Sample Normal ECG Waveforms 

(These samples were collected from team members) 

 
Sample 1 

 

Sample 2 
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