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Summary 

Purpose: To create a prototype Arrhythmia monitor with ZnO biosensors operating in GHz 

region. 

Procedure: Characterized the biosensor to determine its resting phase bandwidth region. 

Cascade micro-tech acoustic wave sensor probe applied voltages to the biosensor, and its output 

signal was displayed on a RF network analyzer. Resulting 2 bandwidth operating regions are 

411.02MHz to 420.47MHz and 1.2426GHz to 1.2855GHz. 

 Then biosensor reaction time was determined to test its quality. Sudden pressure, sustained 

pressure, and repeated pressure taps at 2 Hz were used. Signals were saved through an 

oscilloscope, then analyzed using MATLAB. Since signal had lots of noise, Fir1 filter with an 

order of 25 and a rectangular window was applied. Then rise time and recovery time was 

determined using MATLAB’s ECG Q, R, S detection commands. Rise time was 0.027568 

seconds, Recovery time was 0.00363 seconds and total reaction time was 0.031198 seconds. 

Based on the short reaction time we concluded no data loss will occur because of signal transfer 

latency 

 For detection software, algorithm from “Automatic arrhythmia detection based on time and time 

- frequency analysis of heart rate variability” [1] was used as a reference. First, ECG mean R-R 

intervals in normal condition was calculated to find its threshold value. Then, the standard 

deviation of patient’s real time condition and saved normal conditions were compared. If the 

standard deviation of real time condition was smaller than or equal to the normal condition value, 

patient is safe. Otherwise, patient is facing an Arrhythmia. 

 To create a comparable database for our software, Arrhythmia patients’ data was collected from 
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physionet. Also, professor’s heart signal and one of our member’s heart signal were recorded to 

test an input signal. 

Introduction 

 Wearable Electronics have been recognized as a promising blue ocean market for next 

generation in electronics. According to Wearable Electronics Market and Technology Analysis 

(2013 – 2018): By Components (Sensors, Battery, Display, Networking); Applications 

(Consumer, Healthcare, Enterprise); Products (Smart -Textiles, Glasses, Watches);e-Materials 

& Geography report by Markets and Markets, wearable electronics components is one of the 

fastest growing market. Based on the report, the wearable technology ecosystem market revenue 

was $4.3 billion as of 2012 and is expected to reach to $14.0 billion by 2018, growing at an 

estimated CAGR of 18.93 % from 2013 to 2018[2]. Unfortunately, compared to its market growth 

speed there hasn’t been a solid product idea that could be useful to society.  

       Our project proposes a new idea toward world’s health monitoring system. By having 

patients wearing a wearable device, they will be provided with a constant 1 on 1 monitoring of 

their health conditions. This project has been limited to a cardiac attack monitoring system, but 

when necessary algorithms and data are obtained it could be used as a total care unit. Moreover, 

biggest advantage of our device is it provides a high quality monitoring system at an incredibly 

low price. 

Abstract 

To use biosensors operating in GHz region to create a prototype heart disease monitor. 

Project is split into two key components which consists of hardware and software. Hardware 

component is to determine biosensors’ operating bandwidth region for data transmission and to 
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test biosensor quality for pulse monitoring. Software components is separated into two major 

parts. First, we collected sufficient number of patient ECG/EKG data based on age, sex, 

ethnicity, and disease. Then we implemented theoretical algorithm to MATLAB to create a heart 

attack detection system. Final product goal is to create a complete system where patients simply 

need to wear the device and plug in a provided analyzer. By simplifying the device usage 

process, anyone can use it easily. Another goal is to provide this product at a low price. 

Characterization of Device 

Purpose: To determine resting phase operating region of the biosensor device. 

Experimental Process: Placed biosensor on Cascade microtech acoustic wave sensor probe 

station. This probe directly applied voltages to biosensor contact region in closed circuit form 

and in open circuit form then its output signal wave was directly measured through RF network 

analyzer. Obtained signal data was transmitted into a computer by using GPA to USB interface 

converter in excel format. This experiment was repeated twice for accuracy. 

Types of data retrieved: 4 different types of experiments were conducted to calculate different 

types of information. We have conducted this experiment using 2 different types of biosensor 

which had circular contact region and square contact region. Then each of these biosensors were 

capable of obtaining two different types of data which consisted of closed circuit and open 

circuit response. Purpose of conducting these two different types of circuitry was to obtain 

electromechanical coupling constant which we denoted as K2. By obtaining this constant we 

were able to determine data transmission speed of the signal and whether distance among contact 

region of each sensor was enough so there won’t be any unwanted reflection spectrum from the 

biosensor. 
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Analysis: We have only analyzed Open circuit data since we didn’t have necessary information 

needed to determine closed signal characteristic. This entire process was done through using 

MATLAB. 

Data: Data we have retrieved contained information as follows. 

1. Full spectrum frequency range 

2. Full spectrum dB response data 

3. Approximated operating region 1 frequency range 

4. Approximated operating region 1 dB response data 

5. Approximated operating region 2 frequency range 

6. Approximated operating region 2 dB response data 

Approximated operating region were observed from RF network analyzer. By moving cursor on 

RF network analyzer we approximated each operating region where dB response was largest. 

Analysis algorithm: Bandwidth region was determined by using the following algorithm. Look 

for the peak dB value location then calculate for bandwidth region which is ±3dB from its peak 

value. 

Results: 

1. Bandwidth region of operating region 2 is between: 411.02MHz and 420.47MHz 

2. Bandwidth region of operating region 1 is between :1.2426GHz and 1.2855GHz 

Biosensor quality testing 

Purpose: To determine the reaction time of the biosensor device, and to check the reaction time 

is proper to use in the project. 
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Experimental Process: To determine the reaction time of the sensor, we soldered the biosensor 

with the circuit wire. For our project, 4 same sensors were prepared. To analyze sensitivity 3 

different finger tapping pressure inputs were used. These inputs consisted of sudden pressure, 

sustained pressure, and repeated pressure taps with 2Hz. The biosensor outputted those 3 

pressure inputs as small voltage responses, which was observed using an oscilloscope with 

10mV measurement scale. These voltage responses were directly saved to our USB in 'csv' excel 

format. Reaction time a sum of rise time and recovery time. To analyze the reaction time, we 

used MATLAB to find rise time and recovery time of the signal. Before we directly found Q, R, 

and S points, we applied several filters to reduce the noise of the signal. Based on trial and error, 

we concluded that Fir1 filter with an order of 25 and a rectangular window was the most 

effective filter to reduce signal’s noise.  

 

<Fig 1. Original signal and filter applied signal > 

Then, we applied MATLAB’s dedicated commands to measure Q, R, S values of the 

biosensor signal. Q and S values are the points where the signal is at its lowest voltage level 

before and after the peak voltage level. R value is a location where the voltage level is at its 

maximum. Q,R,S points are the most important things in the ECG and EKG signal since most 
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heart diseases are detected through observing Q,R,S value. In our project, Q, R, S points were 

used to determine rise time and recovery time in the biosensor quality part, and to detect 

Arrhythmia in algorithm programming part. Rise time of the biosensor was determined by 

calculating the time difference from the steady state after P point to P point steady state value 

location after Q point. Using the similar method, we calculated recovery time by calculating the 

time difference from S point to the point where the signal goes to steady state. 

Results: 

The Average Rise Time = 0.027568 

seconds 

The Average Recovery Time = 0.027568 

seconds 

The Average Reaction Time = Average 

Rise Time + Average Recovery Time 

0.0312 seconds. 

<Fig 2. Reaction Time calculation using Q, R, S points> 

As a result, our biosensor displayed high performance. General human body maintains 

1Hz heartbeat, and it can raise up to at most 3Hz. Comparing to its data update rate, biosensor’s 

0.0312 seconds reaction time is fast enough so no data loss will occur because of data transfer 

latency. 

Human Pulse Detection 

For the pulse detection of human subjects, we began by soldering soft wires to the 

biosensor for better mobility. To detect test subjects’ pulses, we placed the bio-sensor and 

wrapped it with a tentative wrist band to hold it in place. The data was measured using an 

oscilloscope. It displayed excess noise that deterred our desired signal because bio-sensor was 

pressured against our wrist by the wrist band and gravitational pull.  
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In order to obtain wanted signals by filtering, we used a 5Hz low pass filter in MATLAB 

to filter any high frequency signal from pulse data. The low pass filter was used to remove 

constant pressure which had high frequency of occurrence. After eliminating the noise and by 

comparing our test subjects’ average beat-to-beat intervals (R-R interval) and other attributes 

with an actual ECG/EKG signal we verified signal’s validity 

 

<Fig. 3 Human Pulse Detection experiment> 

Results: Noise filtering result is as follows. Black signal indicates original signal, red indicates 

signals after filtering process. 

 

<Fig. 4 Noise filtering result of subject 1> 
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• Average Beat-to-Beat Interval (R-R Interval) is 0.9468 sec 

• Pulse Rate is 1.0562 Hz 

• Experimental Subject Condition: Healthy 

 

<Fig.5 Noise filtering result of subject 2> 

• Average Beat-to-Beat Interval (R-R Interval) is 1.3324 sec 

• Pulse Rate is 0.7505 Hz 

• Experimental Subject Condition: Healthy 

Data collection 

Purpose: To obtain the cardiovascular disease patient's ECG data to build a data library 

Experimental Process: We mainly collected patients’ ECG data from the research resource 

website, physionet [3]. Physionet provides 4 terabytes of various heart disease patients’ data for 

free to research and non-profit purposes. We decided to focus on Arrhythmia because of time 

constrain. Our database was created by collecting data from MIT-BIH Arrhythmia database and 

Fantasia database. MIT-BIH Arrhythmia database contained brief information of the patients, 

number of isolated beats and Arrhythmia types. Fantasia database provide information about 
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healthy patients and their ECG/EKG signals. After collection, these data were sorted by gender, 

ages, and number of the isolated beats.   

Theoretical Algorithm 

The algorithm is from Automatic arrhythmia detection based on time and time-frequency 

analysis of heart rate variability [1].  

𝑇
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𝑁
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𝑦𝑖 = input pulse signal 

The threshold value will be set during the actual pulse detection phase of the patient. 

 The algorithm will first take the mean and the standard deviation of the R-R intervals for 

the normal condition of the patient. If the patient’s R-R interval is within the standard deviation 

of the threshold R-R interval, the patient is considered healthy. If patient’s R-R interval is 

outside from the standard deviation range of the threshold R-R interval, the patient is 

experiencing an Arrhythmia. 

Heart Attack Detection Software 

Purpose: To dynamically monitor obtained pulse signal from the patient wearing a biosensor 

device. 

Approach: Implemented proposed algorithm from Theoretical Algorithm.  

1. Take the mean value of the R-R intervals in the normal condition  R-Raverage 

2. Take the standard deviation of the R-R intervals in the normal condition  R-RSTD-Normal 

3. Take the standard deviation of the R-R intervals in a moving time window R-RSTD-Test(t) 

4. Compare: 

a. If R-RSTD-Test(t) < or = R-RSTD-Normal patient is in normal condition 
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b. If R-RSTD-Test(t) > R-RSTD-Normal  patient is experiencing arrhythmia 

                     

<Fig. 6> Actual Patient Data during Normal Condition      <Fig.7>Actual Patient Data during Tachycardia 

Results:  

Patient Type Mean R-R Standard Deviation of R-R 

Female Patient with Arrhythmia 0.6381 sec 0.2301 sec 

Male Patient with Arrhythmia 0.6629 sec 0.3154 sec 

Compared to Human Pulse result, Mean R-R value of Arrhythmia patient is distinctive. 

Cost/Sustainability Analysis 

     TFBAR structure ZnO Biosensor is based on the silicon substrate and an acoustic mirror 

which replaces air gap technology, Since our biosensor is silicon based simple structure, it less 

price than other material and complex structure, so we expect 5 dollars per biosensor as a 

manufacturing price. We plan to add wireless part as future work, but it also will not take high 

price. As a final product, we expect that we will be able to offer our price around 70 dollars and 

will be offered at a lower price if we start mass production. 

       Our device requires only small battery for wireless part, and built in algorithm will keep 

working regardless of time goes by. We can consider software updates for improving algorithm 

as future work, but the performance of the device will still great even without upgrade. The 

bracelet of the biosensor can be worn, but we designed it that bracelet can be replace with the 

Moving RR 
window 
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new one, As a result, we think that our device is also sustainable.  

Impact of the Work- Technical 

Since our biosensor uses a TFBAR structure generates varying voltage based on varying 

pressure input, device consumes no power. Only energy necessary in our final product is for 

wireless transmission. Comparing with competing CMOS biosensors, our device has competitive 

technological advantage by having no leaving current. 

Impact of the Work- Economical 

We expect biosensor price as 5 dollars per biosensor and 70 dollars as a whole device 

price. In the market, there are similar devices with similar functionally, such as Drager's Infinity 

M300. Most of those devices are only provided to hospital patients, and they are very expensive, 

around 2700 dollars for a pre-owned device. Therefore, to compare with the existing product, we 

think that 70 dollars will be a competitive price in the market in economical aspect.   

Impact of the Work- Social 

 There were 156 cardiovascular diseases, diabetes, and death patients per 100,000 people in the 

United States according to the Health Organization (WHO) 2008 report [4]. This number can 

decrease by early detection of the cardiovascular disease which is directly related with patient's 

survival rate. According to the American Heart Association, survival rate from sudden 

cardiovascular disease will increase by 30% with application of defibrillator within 3-5 

minutes[5].Therefore, we expect our device will contribute greatly to decreasing the number of 

death patients because our final product will contact local hospital immediately when symptoms 

are detected. In addition, our product will not have any barrier in usability. Entire process will be 

patient wearing a sensor bracelet and connecting main analyzer to a wall outlet. 
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Conclusion 

By utilizing the ZnO nanostructured based biosensor, we were able to create a capable 

pulse monitoring system that is easily accessible and affordable in today’s health care market. By 

utilizing the verified algorithm from Automatic arrhythmia detection based on time and time-

frequency analysis of heart rate variability [2], our Arrhythmia detecting MATLAB software is 

effectively working. Our database provides software with a comparison data with the mean and 

the standard deviation of the R-R interval which successfully created a judgment range for 

patient’s condition. Final product will be available at a very low cost which could eventually 

even be covered by the government for people who are experiencing or are in danger of 

experiencing Arrhythmia.   

Suggestion for Future Work 

 Combining hardware and software components and manufacturing it into a complete system. On 

the hardware component, it will be necessary to convert ZnO biosensor into a wearable 

electronics quality. On the software component, creating an algorithm to amplify bio sensor 

monitored signal into an ECG/EKG standard signal is necessary. Moreover, implementing 

analysis software onto a chipset to create an analyzer will be necessary. Our final product goal 

will be where patient would receive a wearable device and an analyzer where all they must do is 

wear the device and plug in the analyzer onto a wall outlet. It is necessary for steps to be 

simplified because major market targets will be people over age of 50 who are still 

uncomfortable with learning new technology.  
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Work Distribution 

Roy was in charge of the project and acted as our point of contact with our collaborators. 

Sang focused and participated a little more in the software aspect, and Xin focused and 

participated a little more in the hardware aspect. However, the bulk of the work was done 

together at all times excluding times when each member might have been unavailable for that 

particular meet up. Database creation was done separately while each finding a set number of 

data. Hardware part of the project such as characterization, mechanical wave test, amplifier 

creation, and human pulse detection were done together in the lab on selected days every week. 

Software such as input noise filtering, QRS detection, data collection, and algorithm 

implementation was done at home most of the times with the assistance of Professor Reyes.   
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