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Abstract 

A person’s breathing pattern abnormalities are serving a major role in detecting many human diseases 

like asthma, acute respiratory failure, heart failure and more.  

Yet the detection and analysis of such pattern abnormalities isn’t yet as advanced as other 

advancements in medicine and in most of the cases is subject to human analysis by a human and thus 

involves 2 major drawbacks which we aim to solve: 

Physical examination – the patient must arrive at a clinic and be examined physically by a medical staff 

member. 

Human error – The diagnosis is made by a medical staff member and thus prone to human mistakes. 

The work that is being done by the GIP (Geometric Image Processing) Lab at Technion university in Haifa 

is the development an innovative automated system and method to detect normal and abnormal 

breathing patterns by performing analysis of breathing pattern pathologies and abnormalities in chest 

movement. 

In this project we develop an Android App that follows this methodology and aims to solve the 

drawbacks described above. 

 

  

http://gip.cs.technion.ac.il/
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1 Background 

 

1.1 About us 

 
Guy Berger – Computer Science student at Technion institute of technology, Israel.  

May Schwartz – Computer Science student at Technion institute of technology, Israel. 

 

Both of us are in our final year and we decided to participate in this project after a few 

recommendations from other students regarding the great atmosphere of the projects at GIP lab 

supervised by Alon Zvirin and Yaron Honen as well as the vast experience and learning opportunities of 

image processing and Android Studio development we would obtain. 

 

Working on this project was an enjoyable, challenging and educative process during which we expanded 

our knowledge in the topics of Android Studio SDK, Java development, OpenCV, image processing and 

manipulation, time management and working in a team. 
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1.2 About the project 

1.2.1 Breathing patterns 

A person’s breathing pattern differ according to number of characteristics. 

One of them is age, young people breath faster than adults and while a normal breathing rate for an 

adult is 12-18 breaths per minute, a baby at the age of 6 months, for example, has a respiratory rate of 

25-40 breaths per minute (Wikipedia, n.d.). 

Another difference is the person’s health condition. Some diseases, as mentioned before, affect the 

respiratory rate and pattern. 

1.2.2 About the research and method invented at GIP 

Using a video camera or a depth camera the system takes the input image and examines its geometric 

features (like different types of distance measurements between points of interest) as they change over 

time.  

Then the system normalizes these features and presents them to be further analyzed by means of deep 

learning and neural network training in order to detect breathing pattern abnormalities such as Eupnea, 

Tachypnea, Apnea and others. 

1.2.3 RespiTrack 

Following the methodology of the research at the GIP Lab, we developed an Android app called 

RespiTrack (short for Respiratory Tracking) which provides respiratory analysis in a non-invasive way, 

using a personal Android smartphone. 

The app was developed in order to address the drawbacks of standard breathing pattern analysis which 

are the human error and the physical examination necessity. 

With RespiTrack a person can easily perform an examination of his/her breathing as well as another 

person’s, at any place he wishes and receive geometric features analysis and records done by tools of 

image processing thus eliminating the human error component of the examination. 

The method is described in detail in Chapter 4. 
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2 Development Environment and OpenCV 

 

2.1 Android Studio 

 
Android Studio is the official integrated development environment (IDE) for Google’s Android operating 

system, built on JetBrains’ IntelliJ IDEA software and designed specifically for Android development. 

It was introduced on May 2013 at the Google I/O and is now available for Windows, macOS and Linux 

operating systems. 

The preferred programming language for Android application development is Kotlin as of 2019, although 

other languages such as C++ and Java are also supported. 

Our project was developed using Java with Oreo SDK version (API 27). 

 

2.2 OpenCV 

 
OpenCV is an open source library of comprehensive library of implementations of image 

processing/computer vision algorithms. 

OpenCV includes most functions used in our project and thus it was important to understand the core 

utilities of these functions and how they integrate with each other. 

We used the Java library of OpenCV to include the camera utilities, Connected Component Labeling 

algorithms and color detection algorithms. 

The app uses OpenCV version 3.3.1. 
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3 Pre-requisites 

 

3.1 Installation & Requirements 
 

• “RespiTrack” app installed on your Android smartphone - Download the app from Play store. 

• 2-5 same color stickers of the color: Red, Yellow, Blue or Green. 

• The app uses the front camera, so a second person is needed to record the subject’s 

breaths. 
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3.2 Performance 

3.2.1 Light 

During our development process we discovered that the best results are measured when the app is used 

at daylight as opposed to recording under lamps light. 

The main reason is that light from lamps is reflected from the stickers and may cause a sticker to be 

captured as white which is not detected by the app, thus reducing the results’ accuracy. 

3.2.2 Camera 

Since the app uses the front camera of the android device, to get the most accurate results the person 

holding the device needs to remain as still as possible during the recording because we are aiming to 

make a precise measurement and unnecessary movement may affect the distances the app records, 

also since we track stickers by color, shape and size, movement might impair the detection. 

3.2.3 Stickers 

Following the light conditions issue mentioned above a better performance can be achieved by using 

non-reflective stickers if possible.  

The recommended number of stickers placed on the body during the analysis is 4. 
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4 Application overview 
 

4.1 How it works 

4.1.1 Measurements 

We track the position of stickers on the subject’s body while breathing.  

The distances between the stickers change and grow larger when inhaling and smaller when exhaling.  

During the work done in the GIP lab with this app and others the goal is to find out if we could use the 

tracking of these distances and how they change during breathing to determine a respiratory disorder. 

The app keeps track of the sum of the distances (Figure 2) and calculates the Fourier transform in order 

to extract the frequency of the breaths. 

The points on which to put the stickers can vary but the best results are achieved by following the 

Figure1 placement scheme. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure2 – Distances between stickers Figure  1  - Stickers placement 



RespiTrack – Respiratory patterns tracking 

Guy Berger • May Schwartz 
10 

4.1.2  Stickers tracking 

The app uses OpenCV functions in order to process images, specifically frames that are generated from 

the Android device’s camera. 

Each frame is represented by a Matrix object that holds pixels taken from the camera, and each pixel 

has it’s RGB value. 

The first stage is to detect the stickers in the frame. This is done by extracting the stickers from the 

frame thus creating a binary image (Figure 3). 

We provide a lower and upper bound of colors to be considered as the color of the stickers we are using 

and with the OpenCV functionality We label each original RGB pixel with 0 or 1 depending on the color 

thresholding, thus generating a binary image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The next stage is to determine which of the areas in the binary image represent stickers and which are 

noise. 

Note: Noise occurs when pixels taken from the camera do not origin from a sticker, however from something in the 

background which has the RGB value inside the boundaries). 

We use the Connected Component Algorithm (Wikipedia, n.d.) (Figure 4) which labels the areas that are 

close to each other and contain ‘1’s in the binary image. 

 

 

 

 

 

Stickers detection 
Noise 

Figure 3 - Binary image 
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In order to ignore the noise, we proposed an algorithm that takes an area denoted by a label from the 

CCL function output and determines whether it represents a sticker or not according to the 2 dominant 

characteristics (Figure 4): 

• Area size – the area should be inside a range of areas measured of a typical sticker. 

• Area shape – the area should be in a circle-like shape which is characterized by the length and 

height of the surrounding box being equal. 

Note: At the beginning we used an OpenCV function called HoughCircles which takes a binary image as input and 

returns a vector of circles locations on the matrix. Using this function was convenient and the stickers detection was 

really precise, however this function turned out to be too slow and resulted in low FPS (frames per second) which is why 

we decided to use the CCL algorithm with our own filtering algorithm instead  which were very fast. 

Lastly the app records the sum of the distances between the labeled areas (taking the centers) from the 

frames during breathing and generates the Fourier graph and presents the frequency of the breathing. 

  

1 2 

3 

4 

Figure 4 - Connected Component Labeling 

Area is okay but the 

shape is rectangular 

Shape is okay but 

the area is too small  
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4.2 Configuration 
  

In the app’s homepage the user can choose the number of stickers as well as the color of the stickers. 

The user may choose between 2-5 stickers to be placed on the body and between the colors Yellow, 

Red, Green or Blue. 

Note: Make sure the stickers’ color is as different as possible from the background that you are recording in front of and from 

the patient’s body color. 

The default options are 4 yellow stickers (Figure 5) and their recommended placement on the body is 

shown in Figure 1 and 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since the recording can be done anywhere and since the precision level needs to be high when it comes 

to recognize the stickers (for example we wouldn’t want the app to include some yellow car in the 

background) the user is advised to use the app in an environment without any colors that are the same 

as the stickers’. 

However, the app provides a real time brightness configuration option to optimize the detection. 

  

Figure 5 - Configuration homepage 
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4.3 Tracking 
 

To achieve the best results, make sure the patient stays still as much as possible with only his chest 

moving while breathing.  

The tracking and analysis take place in real-time and the results are shown on screen (figure 6). 

The graph denotes the average distance in pixels between the stickers as it changes through time while 

breathing. 

A normal respiratory rate is usually shown as a smooth sinus-like graph. 

 

 

 

 

 

 

 

 

 

 

Once all the stickers are recognized (the white dots display the detected centroids) you can start 

recording by pressing the record button. 

Once the recording starts (indicated by a message) breath constantly and try not to move any part of the 

body except the chest. 

The distances are being calculated and recorded and the results are shown on the real-time graph. 

After 30 seconds to 1-minute press the stop button to finish recording and you will be forwarded to the 

results window.  

 

 

  

Figure 6- Tracking 
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4.4 Results 
 

The results of the recording are presented via 2 graphs (Figure 7): 

 

1st is the normalized distances graph, which presents the average of the distances as it changes through 

time.  

 

2nd is the Fourier graph, which presents the different frequencies extracted from the 1st graph. 

A “normal” respiratory should be represented by a Dirac delta function (Wikipedia, n.d.) peak 

representing the single main frequency of the breathing while a “disorder” should result in more than 

one significant frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 7 - Results 
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4.5 Breaths Per Minute and frequency result 
 

4.5.1 Fourier transform 

After recording the sum of the distances, we want to compare the results to match different types of 

respiratory patterns. 

Such patterns are characterized by the rate of the breathing such as Tachypnoea (fast breathing rate) or 

Bradypnea (slow breathing rate). 

To extract the breathing rate from the data we collected during the record, we perform normalization of 

the data (sums of distances recorded) and afterwards we use the Fast Fourier Transform to receive data 

in the frequency domain (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

The Algorithm used to perform the FFT is the Cooley-Tukey algorithm (Wikipedia, n.d.) in the form of 

Radix-2 DIT. 

Different breathing rates result in different graphs and thus different frequency graphs. 

The FFT graph is in the time domain and the y-axis is the magnitude of the results. The resulting samples 

from the FFT algorithm are complex numbers and the magnitude is calculated by taking the absolute 

value of the complex number (i.e. √𝑟𝑒𝑎𝑙2 + 𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦2 ). 

To calculate breaths per minute we calculate the dominant frequency from the FFT graph by using the 

formula: 

𝑑𝑜𝑚𝑖𝑛𝑎𝑛𝑡_𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 =  𝑘 ×
𝑓𝑠

𝑁
 

Where fs  is the sampling rate (the default is 0.1 seconds meaning a sample sum of distances is taken 

from the frame every 0.1 seconds), N is the number of samples that are given to the FFT algorithm and k 

is the index of the results from the FFT with the largest magnitude. 

  

Time domain Frequency domain 

FFT 

Figure 8 - FFT 

https://en.wikipedia.org/wiki/Cooley%E2%80%93Tukey_FFT_algorithm
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4.5.2 Breaths per minute 

After we have the dominant frequency of the samples, to get the BPM simply perform the 

multiplication: 

𝐵𝑃𝑀 = 𝑑𝑜𝑚𝑖𝑛𝑎𝑛𝑦_𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 × 60 

In the example shown in Figures 7-8 we can see the distances graph is sinus-like and results in one 

dominant frequency of 0.235 which represents a BPM value of 14.1. 

4.5.3 Respiratory patterns 

As mentioned, different respiratory rates are expressed as different graph patterns. 

Some examples to different rates are presented in Figure XXX: 

 

 

 

 

 

 

 

 

 

 

We can see that 12 BPM is normal and from the data the app collected we can automatically infer 

information regarding the breathing rate, compare it to known patterns in order to determine if the 

results could match a known characteristic of a disease and achieve so in a non-invasive way that does 

not require any physical examination or to physically go to a medical facility. 

Moreover, some diseases may cause the breathing to have two dominant frequencies expressed by 

disturbances in regular breathing. This too can potentially be detected by the app and be presented in 

the frequency’s graph as two spikes, that is two dominant frequencies. 

 

  

Source: https://www.normalbreathing.org/patterns-types/ 

Figure 9- Different breathing patterns 

https://www.normalbreathing.org/patterns-types/
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5 Future versions modifications options 
 

We propose several suggestions for future additions and improvements: 

 

• Recording the real-time analysis. 

 

• Performing analysis from a video file (not real-time). 

 

• Multi-threading usage to improve frame rate and analysis time. 

 

• Using machine learning and training to analyze breathing movements without the need of 

stickers. 
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6 Resources and references 
 

• Android Studio – IDE. 

 

• OpenCV – opensource library, image processing and manipulation. 

 

• MPAndroidChart – Graph UI. 

 

• GIP Lab Technion – respiratory studies and experimentations information. 

 

• CCL – Connected components algorithm. 

 

• Cooley-Tukey FFT algorithm. 

 

• Dirac delta function. 

 

• Respiratory rate – Wikipedia page. 

 

  

https://developer.android.com/studio
https://opencv.org/
https://github.com/PhilJay/MPAndroidChart
http://gip.cs.technion.ac.il/
https://en.wikipedia.org/wiki/Connected-component_labeling
https://en.wikipedia.org/wiki/Cooley%E2%80%93Tukey_FFT_algorithm
https://en.wikipedia.org/wiki/Dirac_delta_function
https://en.wikipedia.org/wiki/Respiratory_rate
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7 Contact info 
 

Guy Berger – guyber1992@gmail.com , Linkedin 

May Schwartz – mayschwartz1@gmail.com , Linkedin 

mailto:guyber1992@gmail.com
https://www.linkedin.com/in/guy-berger-295a81151/
mailto:mayschwartz1@gmail.com
https://www.linkedin.com/in/may-schwartz-885b13133/

