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Abstract 
Context: Sudden Infant Death Syndrome (SIDS) is a phenomenon in which new-born-

infants die, often during sleeping, and no cause of death is identified after the autopsy and 

examination. Assumptions can be made in order to understand what happened to the infant, 

e.g. heart failures and insufficient breathing rate due to the position of the infant, although 

deeper studies are hard to be performed, since recording real-cases of sudden infant death on 

camera is not so trivial. 

Objectives: Our main objective with the work hereby presented is to perform a study on 

practical issues that may arise when one is contemplating to build a mobile application for 

monitoring the heart rate of individuals. These issues may include the levels of accuracy of 

heart rate measurements that can be retrieved by the current technology, best room 

conditions for the application to work and positioning of the device in respect to the subject 

under monitoring. Our secondary objective with this work is to present a heart rate monitor 

prototype application at a conceptual level. 

Methods: We conducted a literature review and an analysis of the current available 

technology, approaches and applications for smart-phones. We conducted experiments on a 

controlled environment by taking heart rate measurements and comparing results obtained 

from one smart phone application with results obtained with one standard electrocardiogram 

tool. After gathering the outputs of the experiments, we analyzed the patterns with the 

ultimate goal to identify the best set of parameters for the application to work. 

Results: Our main achievements were obtained through the data that we collected. Although 

related this work with SIDS, we collected data from adults. The procedures for obtaining the 

Heart Rate with the application analyze the skin of an individual and, thus, it does not matter 

if it is an infant or adult. We identified relevant parameters that affect directly the 

performance of the application, leading it to malfunction. Finally, we proposed a prototype 

of a mobile heart rate monitoring, that we named The Mobile Heart Rate Monitoring System 

(MHRMS) at a conceptual level, adding-up functionality to the existing technology and also 

outlining the best conditions and positioning for it to work correctly. 

Conclusions: The main conclusion that we reached is that it is reasonable to make use of the 

current technology that are available in today’s smart phones for having a trustworthy heart 

rate monitoring tool.  

Keywords: smart-phone applications, heart rate measurements, pulse rate, heart rate 

validation. 
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1. Introduction 
 
1.1. Problem statement 
Advances in computing techniques and smart phone applications are beneficial in lot of 

different areas. One area that has particularly gained space is supporting systems for 

assisting people from a medical perspective, e.g. applications for controlling an individual’s 

fitness, applications for instant diagnosing and systems for monitoring an individual’s 

medical conditions. At App Store[1] and Google Play [2], the application stores for the IOs 

and the Android platform respectively, a large number of applications can be found with a 

very simple search string “medical” showing, thus, the effort that has been put into the 

development of applications of this nature. 

The availability of hardware on today’s smart-phones also contributes much to these 

advances. These hardware, and sometimes software that simulates hardware [3], in form of 

sensors impact directly on how sophisticated one mobile application can be. Imagine one 

smart phone application for monitoring vital signs of an individual not only as capable of 

keep track of a specific vital sign, e.g. breath rate or heart rate, but also being able to keep 

track of the temperature of the room, the intensity of the light and even recording or 

performing any image processing of any nature all at the same time. 

The procedures for obtaining heart rate measurements and checking for other vital signs are 

also becoming very sophisticated. Eulerian Video magnification (EVM) is a method that was 

proposed by Hao-Yu Wu et al [4] with the aim of finding motion on videos that is 

imperceptible for a human to see with the naked eye. The method applies spatial 

decomposition to a video file and a temporal filtering to it. The resulting output file is a 

version of the first video with magnified motions. The EVM can be used for checking for 

vital signs in subjects, such as heart rate and pulse rate measurements both in a numeric and 

in a visual way. According to the authors, the heart rate measurements obtained with EVM 

agree well with a traditional electrocardiogram procedure[4]. 

Checking for vital signs of an individual is an important procedure for avoiding risks to his 

healthy. According to [5], a lot of unexplained instantaneous death happen in every country 

every year and we strongly believe that some of them could be avoided if the individual was 

assisted in time. More specifically, Sudden Infant Death Syndrome (SIDS) is an unexplained 

death, most usually during the sleep, of a seemingly healthy infant with no signs. [6] 

Although unexplained, some studies suggest that there exists risk factors, e.g. gender, age 

and family history of the infant, that are extremely relevant for identifying risk groups 
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among the infants. Moreover, according to [6] there are also some environmental factors, for 

instance, if the baby is sleeping on its stomach or side, that may increase significantly the 

chances of a crib death to happen. SIDS might not be very spoken of, but the truth is that it 

kills approximately 4.000 infants per year only on the United States [7]. 

Nowadays, there are a lot of monitors for infants available that keep track of their breathing 

and other vital signs that can be used for parents as an aiding tool to have control of the 

health of their babies. Also, applications available for smart-phones that make use of the 

built-in cameras and sensors can be used for monitoring heart rates and breathing conditions 

of a subject. For such a system to be trustful enough the measurements extracted from the 

device need to be accurate and agree with clinical devices and, thus, specific studies of the 

technology are necessary. We observed, further, that merging this technology with an alarm 

system and communication with other mobile devices is still an area to be further developed 

and it is on it that we will focus with this project. 

Our efforts with this project will be focused on validating the measurements retrieved by a 

smart phone application of a subject’s heart rates with respect to a standard clinical 

electrocardiogram.  A special focus will be put into accuracy of the measurements and 

environmental conditions, e.g. room conditions and the position of the camera. We propose 

then a smart phone mobile application for predicting potential signs of SIDS at a conceptual 

level with the goal of merging the current technology. 

The scope of experiments within this work is limited for smart phone applications which 

work with image processing for extracting heart rate measurements. The main reason for this 

is that we strongly believe that it is best to monitor an infant, or whoever else, during their 

sleep by not touching them thus, avoiding disturbing the sleeping infant. 
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1.2. Research Questions /Hypothesis 
HP1 – Parents of new-born infants can most probably benefit from the usage of today’s new 

technologies available in their mobile phones for assisting them with monitoring the heart 

rate of their infants and so predicting risks factors that can eventually lead to SIDS. 

RQ1 – Is the technology present on today’s smart phones trustful enough for providing 

accurate measurements while monitoring one subject’s heart rate? In other words, do the 

procedures for heart rate measurement provide accurate results when compared to a standard 

clinical device?  

RQ2 –What are the perfect conditions, e.g. room conditions and position of the device in 

relation to a subject for a heart-rate monitoring application to work at a trustful level of 

accuracy? Which conditions can cause malfunction of the application?  

RQ3 – How to best merge the technology available with the hardware available in today’s 

smart-phones for creating a powerful and trustworthy heart rate monitoring system 

application with respect to critical risk factors?  

 

1.3. Scope of this work 
This work is a conceptual work. We performed studies on the available technology and 

checked for viability of developing one application for preventing SIDS with the focus on 

problems related to practical issues for the application to work accurately and correctly. The 

procedures used for measuring heart rates by a smart phone application will be compared to 

the measurements readings of a standard clinical electrocardiogram device in order to check 

its accuracy level.  Further, an analysis will be performed on the data collected in order to 

identify a set of potential room conditions and parameters that affect directly the 

performance and accuracy of the application. Finally, we propose a mobile phone application 

for monitoring the heart rate of an individual. 
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1.4. Outline of the thesis 
Chapter 1- Introduction – A brief introduction to the areas in which our work is focused on.  

In this chapter we outline the problem that we are aiming to resolve, our goals with this 

project, scope of the work and the structure of our work. 

Chapter 2 - Background and Related Work – The background and related work that was 

performed by other researches within the different area that are related to this work. In this 

chapter we gather the different approaches behind the mobile applications for retrieving 

heart rate measurements, facts and conclusions about Heart Rates and Crib Death that were 

drawn from different studies. 

Chapter 3 – Research Methodology – In this chapter we break down and explain the 

methodology that we adopted for proceeding with this project. In here, we explain how we 

performed the searching and selections of articles for the literature review and introduce the 

part of our methodology, which is an experiment. No further details about the experiment are 

given in here.   

Chapter 4 – The experiments – In this chapter we dig into the details of the experiments that 

we conducted as part of this work. We discuss about the target subjects, the hardware that we 

used, the procedure that we followed for collecting the data and the parameters of the 

experiments. We do not discuss the results of the experiment. 

Chapter 5 – Results and Discussion – In this chapter, we discuss the results of the 

experiment. Our experiment consisted of extracting hear rate measurements of different 

individuals using both a smart phone application and a standard clinical device. In here we 

consider how close the measurements are in order to check the levels of accuracy that can be 

obtained by the smart phone application. Further, we investigate patterns of the data in order 

to create a checklist for the best room conditions for the application to work and also the best 

position of the smart phone application in relation to the subject that is under the experiment 

at the time.  

Chapter 6 – The Prototype – In this chapter, we introduce a prototype for a heart rate 

monitoring system. Based on the current technology and the results from our experiment, we 

present a checklist for the best conditions for the application to work and we also explain the 

functionality of the application. 

Chapter 7 – Conclusion – In this chapter we discuss the conclusions that we could draw out 

of this study. Specifically, we discuss the factors that may influence the performance of the 

heart rate application and factors that may lead to total malfunctioning. 
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Chapter 8 –Future work – In this chapter, we suggest ways for working further with this 

project. 
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2. Background and Related work 
2.1. Background  
In the current Society, an increasing number of people are suffering from heart 

conditions/diseases. Heart Rate (HR) is one of the simplest cardiovascular parameters. The 

HR indicates how many times the heart beats per minute (BPM). BPM may also refer to the 

standard unit used for measuring HR. In [8], HR is identified as an independent risk factor 

for cardiovascular diseases, which causes death in both adults and in infants. The heart rate is 

a parameter of high significance not only because of monitoring cardiovascular diseases 

rather HR is also affected by physical exercise, mental stress etc, therefore may require 

monitoring.    

Presently, patients are required to wear adhesive gel patches or chest straps to measure HR 

using Electrocardiogram (ECG) which causes irritation and discomfort. To replace these 

traditional techniques, researchers came up with more comfortable techniques such as 

oximetry or sphygmology, although these techniques have a lower accuracy compared to the 

Electrocardiograms. An example for the disadvantages for using the oximetry is the high rate 

of measurement errors or complete malfunction when the patient has a circulatory disorder 

or has cold hands. Commercial pulse oximetry sensors that are attached to the fingertips are 

also inconvenient for patients if worn over a long period of time.  

At present as the ubiquitous technology such as smart-phones rapidly evolve and the burden 

on limited medical resources increases, there is a need for a low-cost physiological 

measurement solution which is accurate and its use is not limited to the clinical environment 

only. Smart-phones are becoming very popular and their performances are being improved 

rapidly. They have the ability to monitor a patient's physiological and vital signals by a 

remote, non-contact method which is an exciting idea that would improve the delivery of 

primary healthcare. Smart-phones can now enable long-term monitoring of other 

physiological signals such as heart rate or respiratory rate by acquiring them continuously in 

an unobtrusive, comfortable manner which requires a lot of attention that would prove to be 

as reliable as the standard clinical machine, i.e. the ECG. Therefore there is a great demand 

for further research in this field to figure out the problems and solutions focusing on the 

limitations they impose on accuracy. 
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2.2. Related Work 
We will start this section by outlining the different procedures that are we found on the 

literature for retrieving HR measurements on mobile phone applications. These procedures 

are roughly divided into two categories: 

1. Measuring HR by physical contact with a smart-phone 
2. Contact free HR measuring techniques 

In the following sections, we will explain how the approaches work in more detail. 

 
2.2.1. Using an Accelerometer 

Accelerometer sensors are introduced to measure HR as a non-restrictive method [9] to 

reduce the psychological and physical burdens imposed on the subject. As the smart-phone is 

equipped with numerous sensors along with 3-axis accelerometer, it is capable of recording 

any small movement such as a heartbeat. Kwon et al [10] undertook a study using an iPhone 

accelerometer for extracting the heart rate by attaching the smart-phone to the subjects chest 

while maintaining a static posture. In the paper they claim that the result they achieved from 

the smart-phone is medically reliable without location and time limitation. They supported 

their claims by validating the results of their experiment by comparing them with the results 

extracted from an electrocardiogram (ECG). 

 

 
Figure 1. Taking heart rate measurement using accelerometer  [10] 

 
 
 
 

 
 
 
 
2.2.2. Using the Index Finger 

The most common technique that is used is Photo-plethysmographic (PPG) to obtain heart 

rate measurements. This technique has been used since 1930 to assess skin perfusion [11].  

In this method, intensity variations in the reflected light from the skin are assumed to contain 
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information about changes in blood flow and the amount of oxygen contained.  The PPG can 

also be used for monitoring breathing and heart rate variability (HRV). 

The smart-phone camera technology enables PPG measurements of HR by collecting data 

from the tip of the finger of the subject. There are numerous studies and experiments in the 

literature [12] [13] [14] that have been performed while using smart-phones to measure HR 

through the index finger. 

Generally the process works by placing the subject’s index finger on the smart-phone camera 

in such a way that it covers both camera and Light Emitting Diode (LED). The area of skin 

under the light is illuminated with LED while color changes are recorded with the video 

camera. As the heart beats the level of oxygen contained in the blood changes, as a result, the 

volumetric change of blood in the finger changes the light absorption or reflection. By 

measuring these fluctuations (the amount of reflected light) makes it possible to compute the 

PPG. 

In the article [12] statistical analysis has been performed to compare HR data collected from 

smart-phones with that collected from an ECG to determine the accuracy of the smart-

phones based measurements. Measurements were collected with the subjects in the supine, 

i.e. laying down, and then tilt, i.e. with the kneels up, positions. It was found that smart-

phone and corresponding ECG measurement both showed significant differences in the 

supine and tilt position for HR. The difference is reflected due to the fact that the current 

phones do not have a stable surface on which a subject has to place their finger. 

According to [13] a smart-phone has the potential to be used as an accurate medical 

equipment for monitoring physiological measurements such as HR, HRV, cardiac R-R 

intervals (i.e. the time between two consecutive R waves in a ECG machine), breathing rate 

and oxygen saturation level in the blood. The measurements derived from the smart-phone 

were compared with the traditional ECG and pulse oximeter derived measurements. 

However, they mentioned that the low sampling rate may be a limitation for accurate 

measurement for smart-phones. 

There are a number of commercial applications that are available for HR measurement, 

however it is reported [15] that they cannot be used as a medical instrument rather as a 

reference only. 
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Figure 2: Taking heart rate measurement through the camera using the index finger. 
    

2.2.3. Non-Contact/Contact free HR Method 

The idea of using the human face for physiological measurements was first introduced by 

Pavlidis et al [16] in 2007 and later demonstrated by analyzing thermal videos of the front 

face [17] . 

Both contact (using index figure) and contact free (using webcam or a smart-phone camera) 

measurement work on the same principle. During the cardiac cycle, the change of volume in 

the facial blood vessels or finger blood vessels causes the subsequent changes in the amount 

of reflected light depending on how oxygenated it is.  

Optical video monitoring of the skin with a digital camera is another step forward in to low 

cost and easily accessible monitoring solutions. Chihiro and Yuji in [18] developed a non-

contact device by applying autoregressive (AR) spectral analysis to a time-lapse image from 

a handy video camera and image processing on a PC. They could measure heart and 

respiratory rates based on the changes in the brightness on the cheek.  

Poh et al showed potential to measure the cardiac pulse remotely using video imaging and 

blind source separation [19] . They recorded the facial video using a built-in webcam in a 

laptop only with sunlight as an illumination source. They extracted the cardiac pulse signal 

using independent component analysis (ICA) and measure the heart rate from the frequency 

analysis. 
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A new innovative approach is used to built a medical mirror [20], which provide a natural 

user interface for measuring heart rate, measurements can be taken without contacting the 

mirror in real time. They utilized LCD monitor with a built in webcam, both covered by a 

two way mirror in a way that the user cannot see it but the user is visible to the webcam and 

LCD is used to display HR. The heart rate is computed from the optical signal reflected off 

the face with an error of less than three beats per minute. Mirror can be fitted easily into an 

ambient home environment and users can get the health status while shaving, brushing teeth 

etc.    

2.2.4. Smart-phone Camera using face  

Kwon et al [21] explore the potential of smart-phones to measure reliable heart rate remotely 

by the recording the changes on the face and skin tone using the smart-phone camera. At first 

they video recorded the subject’s face using the smart-phone front camera, then they 

extracted the cardiac pulse signal and heart rate using Poh's methodology [19]. The accuracy 

of the estimated heart rate was evaluated by comparing it with the measurement record from 

the ECG. The results appeared very promising from their experiment and they are confident 

enough to rely on the accuracy of a smart-phone which can be used as a clinical instrument 

for HR measurements. 

We can see in the following image one example of how one such application would look 

like. We choose the application What’s my Heart Rate for the android platform [22]. 

 
Figure 3: Taking heart rate measurement through the camera using one individual’s face 1. 
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2.2.5. Camera Using Head Movement 

In contrast of extracting the pulse from the video based on color changes in the skin due to 

blood circulation, the new approach [23][24] that uses cyclical head movement due to the 

inflow of blood to the head to detect pulse rate. 

The inflow of blood does not just change the skin color it also causes the head to move.  This 

movement is too small to be visible with the naked eye but this movement can be revealed 

by video amplification techniques[25]. 

The head movement is caused by the heartbeat, in each cardiac cycle the heart’s left ventricle 

contracts and ejects blood at high speed into the Aortic Artery. During each cycle 

approximately 12 grams of blood flows to the head from the aortic artery by Carotid Artery 

either side of the neck. It is this influx of the blood that generators a force on the head due to 

Newton’s third law the force of the blood on the head is equal to the force of the head acting 

on the blood causing a reactionary causing cyclical head movement. 

The algorithm uses a face detection/recognition tool to differentiate the subject’s head from 

the rest of the image. Then selects random feature points around the subject’s mouth and 

nose, whose movement it tracks from frame to frame using Lucas Kanade tracking 

algorithm[26]. 

Then, temporally filter the signals to encompass a normal pulse range, excluding motions 

that are caused by respiration. The algorithm Principle Component Analysis (PCA) 

decomposes the resulting signal into several constituent signals and returns the main 

direction along where the head moves. Finally projecting the head motion onto each 

component and choose the signals with the dominant frequency, which corresponds to an 

average heart beat of the subject 

 
 

2.2.6. “Normal” Heart Rates for an adult individual 

Studies point that the heart rate of an individual varies, based on different parameters. 

According to [28], factors such as: activity level, fitness level, air temperature, emotions, 

body size and medications, influence directly one’s heart rate. Also, according to the same 

source and to [29], a normal heart rate should range between 60 and 100 beats per minute for 

individuals over 10 years old in a resting state. It means that, for a subject under resting 

conditions, values that are above 100 bpm or less than 60 bpm, together with symptoms, e.g. 

dizziness and shortness of breath, may be a sign of cardiovascular problems. Although those 
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factors can be interpreted as a sign of a heart problem they are not to be considered a general 

rule for diagnosing any cardiovascular condition. For instance, very fit athletes may present 

heart rate between 40 bpm and 60 bpm while resting [29].  

The way that the mobile application “What’s my Heart Rate” outlines the current heart 

condition of an individual is an example on how to use the information obtained by the 

measurement retrieved. In the following image, pay attention on the multi-color bar on the 

bottom of the image. The instant diagnose “Your heart rate is excellent” can also be 

observed. Further improvements for that diagnose and also how to use that information will 

be considered on chapter 6 when we introduce our prototype. 

 

Figure 4: Taking heart rate measurement through the camera using one individual’s face 2 

2.2.7. “Normal” heart rate for infants and children 

The heart rate values for an infant while resting may vary with respect to their age. Studies in 

[29], suggest the following values for infants and children under 10: 

• Newborns 0 - 1 month old: 70 - 190 beats per minute 
• Infants 1 - 11 months old: 80 - 160 beats per minute 
• Children 1 - 2 years old: 80 - 130 beats per minute 
• Children 3 - 4 years old: 80 - 120 beats per minute 
• Children 5 - 6 years old: 75 - 115 beats per minute 
• Children 7 - 9 years old: 70 - 110 beats per minute 
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2.2.8. Sudden Infant Death Syndrome  

Also known as Cot Death and Crib Death, Sudden Infant Death Syndrome (SIDS) is referred 

to as the death a baby who apparently is totally healthy, where no further explanation may 

lead to the exact reason of the death of the infant. A vast study was performed in this area, 

but since it is very hard to capture the death of an infant on camera – and, of course, for 

obvious reasons no one would like it to happen – rigorous studies involving double-checking 

of assumptions and risk factors are almost impossible to be performed. 

According to [30] both physical and environmental factors can be highly associated with 

SIDS. The physical factors may include brain abnormalities, in which the area of the brain 

that controls breathing and arousal are not properly developed, low birth weight, since it 

increases the likelihood that a baby has less control of the breathing and the heart rate and 

even respiratory infections, which may lead directly to the breathing problems. 

Sleep environmental factors may include the position in which the baby is sleeping, e.g. if 

the babies are placed on their stomach, the material of the surface on which the baby is 

placed and if there are people sleeping besides the baby, e.g. the parents, which may increase 

the risk of a suffocation of the baby in case the parents change positions involuntarily during 

their sleep. 

Also in [30] risk factors were pointed out as being the gender of the baby, the age, the race 

and family history of SIDS. According to them, baby boys, between the second and third 

month of life, from the black, American Indian or Eskimo races and that have siblings or 

cousins that died of SIDS are more likely to also die of SIDS. An another risk factor that was 

pointed out was with respect to the infant’s mother, the risk was if she gave birth under the 

age of 20, if she was a smoker, drug or alcohol user, and if she had an inadequate prenatal 

care. 
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3. Research Methodology 
Our research work is based on practicability of using a smart phone as a trustful device for 

monitoring a subject’s heart rate in order to prevent sudden death. In order to work on the 

research front, we carried out a literature review and made an analysis of the technology 

available on the android application market. 

3.1. Research Design 
3.1.1. Overview of the Literature Review  

The first part of our study is a literature Review that we performed in order to get an insight 

of previous works, current knowledge and set up a foundation to conduct our study. We 

carried out, thus, a literature review on “available techniques for heart rate measurements in 

a smart phone”.  The way that our literature review was conducted, is shown in the figure 

below: 

 

 
 

Figure 5: Overview of the literature review 
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3.2. Literature Review 
Literature review is the basic step before starting any research work, that provide first hand 

information to the reader about the current development in that particular area. Apart from 

this there are other reasons [26]: 

• To identify issues need to be addressed  

• To identify the solutions that have been proposed to address the issues 

• To identify the research methods used to investigate proposed solutions 

• To provide a framework for positioning of new research activities 

• To identify the gaps in current research. 

• To identify the related work in the field 

 

3.2.1. Search Strategy 

Search strings were formed from the keywords in the following way:  

• Keywords were obtained from the research questions 

• Synonyms were listed 

• Selected only relevant keywords 

• Boolean operators (i.e. “OR” and “AND”) for the search string 

 
3.2.2. Keywords and Search String 

Given below are the keywords that were used to make a search strings to find articles in the 

databases 

No Keyword No Keyword 

1 Heart rate 7 Pulse rate 

2 Heart rate measurement 8 Electrocardiogram  

3 Smartphone Application 9 Heart beat frequency 

4 Android heart rate 10 Plethysmograph 

5 Heart rate monitor 11 Plethysmographic 

6 Heart rate validations 12 Plethysmogram 

Table 1: Search Keywords 
Then these keywords are formulated into search strings and adopted in such a way that can 

help us to find the articles that are related to the subject. 

3.2.3. Databases 
 

Database Content Type Search Strings Search In Results 
IEEE 

Explore 
Journal/Conference

/Book 
(((Heart Rate) OR Pulse Rate) 
AND Validation) Metadata 252 
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((((Heart Rate) OR Pulse Rate) 
AND Validation) AND 
Smartphone) 

180 

ACM Journal/Conference
/Book 

("heart rate" and smartphone) 
and (measurement* or validation 
or plethysmogra*) 

Any Field 78 

Scopus Journal/Conference 

TITLE-ABS-KEY("heart rate" 
OR "pulse rate" AND 
"smartphone" AND 
measurement) 

Any Field 13 

Inspec/ 
Compendex Journal/Conference 

((((((Heart Rate) WN TI) OR 
((Pulse Rate) WN TI)) AND 
((Measurement) WN All fields)) 
OR ((Validation) WN All 
fields)) AND ((Smartphone) 
WN All fields)), English only, 
2000-2013 

Mixed criteria 279 

Google Play Mobile Application Heart rate monitor Application 366 
Table 2: Databases, Search strings and number of results. 

 

3.2.4. Selection Criteria 

For selecting article inclusion and exclusion protocol was defined to select only those articles 

which are related and relevant for study. The inclusion and exclusion criteria was applied in 

three different levels 

• Abstract / Title 

• Introduction / Conclusion 

• Full Text 

 

 
 

Inclusion Criteria 

On the research databases: 

• Article that are in English language 

• Article should be available in full text. 

• Article abstract/title should match the study domain 

• Article should be peer reviewed 

• Articles related to heart rate measurements using smart phones. 

On the android application market, i.e. Google Play: 

• Applications that extract heart measurements using image processing 
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• Applications that didn’t require physical contact. 

 

Exclusion Criteria 
On the research databases: 
• Removing duplicate Articles. 

• Articles that are older than 2000. 

• Articles that are not in the English language. 

• Articles that are not related to Smartphone Applications. 

• All studies that do not match the inclusion criteria will be excluded. 

 
On the android application market, i.e. Google Play: 
 
• Applications that extracted measurements only with the index finger. 

• Applications that used accelerometer. 

• Applications that needed any physical interaction at all. 

  
 
 

3.2.5. Conducting the review 

After defining exclusion and inclusion criteria the next phase was to search the relevant 

articles in the aforementioned databases and review them. Initially we found a total of 802 

articles and 366 applications on the android market. In the second step, duplicate records 

were identified and removed, as in this process 275 articles were removed in total from the 

initial result. 

In the third step, we applied inclusion and exclusion criteria on the remaining articles. The 

process was conducted in two stages. In the first, we excluded the articles that were 

irrelevant to our topic. In the second stage inclusion criteria was applied to include the 

desired articles while narrowing down the study related to heart rate measurements using 

image processing and heart rate monitors for smart phones. Some of the articles were also 

dropped because they were not available in full text. 

Abstract and conclusion of any article is the initial and detail source about any article. We 

read about 158 article’s abstract and conclusion and thus shortlisted around 38 for further 

reading. 

 
Total Articles  802 
Duplicate Removed 527 
Applied Inclusion and Exclusion Criteria 158 
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Reading Abstract and Conclusion 38 
Reading Full Text 13 

Table 3: Filtering the results 
 
3.2.6. Snowball Sampling 

After reading the 38 articles, we were left with 13 articles that were related to our work, to 

read further more into the area we decided to read the article listed in the reference. And we 

found some useful articles which enlightened our knowledge of extracting heart rate 

measurements. Thus we found two more articles through snowballing process. 

 
 
 
 
 
 
 
 
 
 
 
 
 

1.1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Filtering Process of the literature review 
 
 
 

Search Strings 

Digital Databases 

802 References Total Studies 

527 References Removing 
Duplicates 

158 References Appling Inclusion and 
Exclusion Criteria 

38 References Reading Abstract and 
Conclusion Snowball 

Sampling 

2 References 13 References Full text study 

Total 15 
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3.2.7. Selected Studies 
No Title Authors 
1 Eulerian video magnification for revealing subtle 

changes in the world 
Wu, Hao-Yu and others 

2 Validation of heart rate extraction through an iPhone 
accelerometer 

Kwon, Sungjun 

3 Statistical analysis of heart rate and heart rate 
variability monitoring through the use of smart phone 
cameras 

Bolkhovsky, J.B and 
others 

4 Physiological Parameter Monitoring from Optical 
Recordings With a Mobile Phone 

Scully, c and others 

5 Photoplethysmograph (PPG) derived heart rate (HR) 
acquisition using an Android smart phone 

Gregoski, Mathew and 
others 

6 Reliable pulse rate evaluation by Smartphone Lamonaca, F. and others 
7 Contact-Free Measurement of Cardiac Pulse Based on 

the Analysis of Thermal Imagery 
Garbey, M. and others 

8 Heart rate measurement based on a time-lapse image, Takano, Chihiro and 
Ohta, Yuji 

9 Non-contact, automated cardiac pulse measurements 
using video imaging and blind source separation 

Poh, Ming-Zher and 
others 

10 A medical mirror for non-contact health monitoring Poh, Ming-Zher and 
others 

11 Validation of heart rate extraction using video 
imaging on a built-in camera system of a Smartphone 

Kwon, Sungijun and 
others 

12 A novel method to detect Heart Beat Rate using a 
mobile phone 

Pelegris, P. and others 

13 Measuring pulse rate with a webcam; A non-contact 
method for evaluating cardiac activity 

Lewandowska, M. and 
others 

14 Development and validation of a smartphone heart 
rate acquisition application for health promotion and 
wellness telehealth applications 

Gregoski, Mathew J and 
others 

15 Design and development of a heart rate measuring 
device using fingertip 

Hashem, M.M A and 
others 

Table 4: Selected Studies 
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3.2.8. Analysis 

The literature review was performed in order to know the heart rate measuring procedures 

for smart phones solutions that are used nowadays. Also, we checked for applications that 

were already available on the market in order to select one for performing a rigorous study 

on its level of accuracy. 

We found in the literature that there are three different ways of measuring HR with smart-

phones i.e. through index finger, face and using an accelerometer. There is no standard way 

of measuring the accuracy of these devices, only by comparing the measured results with the 

clinical approved devices. The reliability of measurements are judged by the relative 

accuracy of each reading against the standard HR device for the simultaneous measurements 

as performed in [32].  

All the experiments that are performed are focused on the participant state of positioning; no 

focus was given to the activity they were performing. The results presented in their research 

were promising where the participants’ heart rate was normal or moderate, no attention was 

paid to a scenario where the subject performed a vigorous activity and as a result increases 

their HR. Therefore, we found it necessary to perform an experiment where the capability is 

checked not only in normal conditions but also where the heart rate is abnormal or high. 

In [33], a new technique is introduced to measure the heart rate based on webcam recording. 

To increase the processing speed authors reduce complexity and number of calculation by 

selecting a smaller Region of Interest (ROI) within the target video and number of channel 

(Red and Green). By doing so, they pointed out the risk of increased noise which leads to 

inaccurate results.  
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4. The Experiment 
The main purpose of this experiment is to investigate the level of trust that a smart phone 

application provides when retrieving heart rate measurements of an individual. The selected 

application was “What’s my Heart Rate”[34]. It uses the mobile phone camera and image 

processing for measuring heart rate. This application is available on the android and App 

store. The results that were retrieved with the application were further compared with results 

retrieved by a standard Electrocardiogram (ECG) machine, EKG 80A, which is a FDA 

approved clinical device for checking heart rate measurements. All the data that was 

collected will be available for interested readers in the appendix A. 

4.1. Initial Considerations 
One of the main focuses of our thesis is to use a smart phone application as an aid-tool for 

predicting the SIDS by monitoring an individual’s Heart Rate. Although the experiment we 

performed in the thesis was on adults, SIDS is related to young babies and this may seem 

misleading at first and hence raise questions about the legitimacy of our thesis. The 

following points will explain why we based our experiment around adults. 

To answer this issue, first of all it is necessary to understand the procedure of retrieving HR 

using a smart-phone. The application used to extract a pulse rate of the subject, is based on 

color changes in the skin due to blood circulation using smart-phone’s camera. The 

measurement is possible because of the difference in oxygen saturation in the blood, so the 

color intensity of the skin differ each time the heart pumps the blood to the face.[4] 

Therefore the procedure would work just as well for adults as it would for infants. 

Secondly, this experiment aimed mostly in validating a smart-phone HR extraction 

procedure; therefore, it was necessary to verify the result simultaneously with an ECG. 

Bearing in mind the smart-phone application is very sensitive to the subject’s movements 

and can produce erroneous results. So, for the purpose of our experiments adults were the 

best choice due to many factors for example: being able to instruct, control the subjects’ 

movements and they would not be stressed by the pads and wiring of an ECG as they may 

cause discomfort.  

Thirdly, we did not have access to any young babies and we were not in the position to enter 

a clinical environment and it would take much longer to find a reasonable number of infant 

subjects in the time, which could seriously cause us to be late at due dates for the deliveries 

of our reports and results. 
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4.2. The Devices /Hardware 
 
The experiment was conducted with the following devices: 
 
Mobile Phones HTC sensation, Sony Xperia Arc S 

 
 
- The selection was based on accessibility to those devices, 
since we ourselves own these device models. 
 

ECG machine Hand-Held Single Channel ECG, EKG 80A 
 

 
 

-The selection was based on: 
The device is FDA (Food and Drug Administration  [35]) approved. 
The device is portable. 
 

Mobile phone 
tripod 

 

Table 5: Devices/hardware used for the experiment 
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4.3. Motivation 
The use of smart phone applications for instant identification of critical situation concerning 

vital signs in subjects is an area of interest for medical departments. The earliest the subject 

is treated when he is under a critical situation, the higher are the chances for him to survive. 

Having an application at home that is trustful enough for providing accurate identification is 

to one’s advantage.  Factors such as commodity and a full control checking of one’s healthy 

conditions make it fairly interesting for some attention . Yet, the important thing that one 

may expect is that the results provided by a smart phone application will be trustful enough 

for it to be used, otherwise the trade-off between putting yourself at risk under critical 

situations and having access to a device at a reasonable price will not be worth it. 

In order to check the accuracy of the application we broke the whole validation procedure 

down into two main aspects: 

• Optimal room conditions – This part of the validation has a focus on which 

are the requirements for the application to work correctly instead of firing an error message. 

It includes factors such as: the position in which the device needs to be, the distance it needs 

to be from the subject, the light intensity of the room, if the camera needs to be set in a stable 

position and time for the application to stabilize and provide a final measurement. More 

details concerning the parameters that were checked will be given on the next sub-section 

XX-Parameters of the experiments 

 

• Accuracy in the measurements – This part of the validation has a focus on 

the relative accuracy of the values retrieved from the device and from the ECG machine. The 

formulae for calculating this error is given by the following equation [36]. 

 

 , where  

 
 

Considering that the ultimate goal is to build a heart rate monitor application, the information 

that will be generated by the application needs to be reliable. According to [37] , the heart 

rate of an individual varies when he is performing physical activities and, therefore, we 

varied the level of excitement of the subject’s that participated of the experiment into 

basically three different categories: 

• No activity – The heart rate of the individual was checked while he was 

resting for, at least, half an hour prior. 
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• Moderate activity – The hart rate of the individual was checked straight after 

he had walked. No time for the walking and no distance that he walked were measured. 

• Vigorous activity – The heart rate of the individual was checked straight after 

he ran. Also no time for the run and no distance were measured. 

 
4.4. Parameters of the experiments 
The parameters of the experiment were based on two main aspects: I) the ethnicity and 

physical or mental activity of the subject and II) the room conditions and positioning of the 

device in relation to the individual. 

 

 

 

 

 

 

4.4.1. Ethnicity /physical and mental activities 
 

No of the experiment 
Gender 
Race/Ethnicity 
Age 
Weight 
Height 
Chronicle disease/medication (Yes/No) 
Holding Breath? (Yes/No) 
Position of the subject (Sitting/ standing/ 
supine) 
Mental activity (Reading/ watching movie/ 
doing nothing) 
Physical Activity (Light/Moderate/Vigorous) 

 
Table 6: parameters related to the individual 

 
These parameters are important for checking for patterns when it concerns if the difference 

of race has any influence on the measurements. Since the application works on the analysis 

of the variation of the tone of the skin of the subjects, we aim to cover a wider range of 

ethnicities, e.g. Caucasians, Asians and Africans. Furthermore, these parameters provide a 
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control for checking if physical activity or conditions in which one’s heart would be excited 

are also taken into account and influence the accuracy of the results. A similar study was 

performed in [14] [38], but it lacks the validation of vigorous activities. 

4.4.2. Conditions of the room 
 

Distance (20 centimeters /50 centimeters /1 
meter) 
Light Intensity (40 /60/90/160/320/1200 luxes) 
Moving the camera (Yes/No) 
Position of the Camera (Full faced /Sideways) 
Room temperature 
Room humidity 
Time required for the App to stabilize (In 
seconds) 

Table 7: parameters related to the room 
 
These conditions were defined to help us to understand the patterns of when an error 

message might be given. For example, will the application work even if there is no subject 

being monitored? Will the application work even if the room is completely dark? In other 

words, what are the conditions in which the application will work or fail? 

• The results to be analyzed 
 

PASSED? 
FINAL MEASUREMENT (ECG) 
FINAL MEASUREMENT (APP) 
RELATIVE ACCURACY 
RELATIVE ERROR/ERROR RATE 

Table 8: Results 
 
After the collection of the data, we proceed with a rigorous analysis of the results with 

special attention to pass/fail cases and the level of the accuracy that was achieved by using 

the smart phone application, varying the parameters. In-depth detail of the results and the 

data that was collected is given in Section 4- Results and Discussion  
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5. Results and Discussion 
Our experiments were conducted with a total of 38 healthy participants (31 men and 7 

women). The diverse sample of participants consisted of whites, Hispanics and Africans. The 

subjects had their heights and weights measured before the experiment began. Their 

descriptive characteristics are presented in detailed in the Appendix B. We mixed the 

parameters of the experiment, leading to a total of 202 experiments. 135 of the experiments 

were successful, i.e. the application was able to determine a value for the heart rate of the 

subject whereas the other 67 failed due the following reasons:  

• 36 failed due to improper distance between the subject and camera. 

• 15 failed due to angle of the smart-phone. 

• 10 failed due to poor light conditions. 

• 4 failed due to distance and light together.  

• And the remaining 2 failed due to light, distance and activity. 

Each subject would take part in three separate sets of experiments i.e. no activity, moderate 

activity and vigorous activity with 15 minutes intervals between each one. The participants 

were asked to sit still at the table where we then attached the ECG device and placed the 

smart-phone in front of the subject at different angles (i.e. 45, 90, 180 degrees and full face 

exposure) and difference distances (i.e. 20 cm, 0.5 m and 1 m). The same produce was used 

for each participant for each set of experiments. The subjects were instructed to breathe 

regularly, without changing their posture; at each run the HR was recorded from both the 

ECG device and the smart-phone to calculate relative accuracy and error. 

For both the distance between the mobile device and the subject and the angle in which the 

heart rate measurement would be retrieved, we used a mobile phone tripod to hold the 

mobile phone stable – that can be seen at table 5- and still at the position set for the 

experiment session. By using this tripod, we didn’t have further difficulties in positioning it 

at the right distance not on the right angle in relation to the subject. Also, for the experiments 

we used two android mobile phones- that can also be seen on table 5- alternately, i.e. we 

used at some of the experiment sessions and at others the second mobile phone. The reason 

for that is that we wanted to have a higher variation of the hardware used  in our experiment 

and, thus, the results wouldn’t be totally dependent of a mobile phone model. 

All the data that we collected is available on the appendix A for further investigation. 

Following, we broke down the analysis that we performed. 
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For the next four images below, the values on the x-axis of the graph represents the number 

of experiments that were performed, the y-axis to the left are the heart measurements in 

BPM (beats per minute) and the y-axis to the right are the intensities of the light in luxes. 

Further, the red light on the graph represents the values that were retrieved from the ECG 

machine, the green light represents the values that were retrieved from the smart phone 

application and the blue line represents the light intensity in which the subject was exposed 

to. 

5.1. General analysis 
5.1.1. All the experiments 
 
 

 
Figure 7: All the experiment results 

 
In the image above Figure 6, we presented the collection of all the experiments that we 

performed. There were a total of 202 measurements taken that were performed on 38 

subjects and their measurement results are recorded in different light intensities i.e. 40, 60, 

90, 160, 320, 640 and 1280+ luxes, and light intensity is represented by the blue line whereas 

green line and red line corresponds to smart-phone measurements and ECG measurements 

respectively. The lack of a green line to a corresponding red line means that the smart-phone 

application failed in retrieving a heart rate measurement. If both the green light and a 

corresponding red light exist for the same experiment, it means that the heart rate 

measurement was retrieved successfully. For a better analysis of the data that we collected, 

we divided the categories further into: 

• No activity, i.e. when the subject performed no activity prior to take the 

measurements. 

• Moderate activity, i.e. when the subject walked prior to taking the 

measurements. 

40 60 90 160 320 640 1280 + 
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• Vigorous activity, i.e. when the individual ran prior to taking the 

measurements. 
 

5.1.2. No activity 
 
 

 
Figure 8: Experiments with positive result for No Activity class.  

The figure 7 shows the collective successful results for no/light activity and its affect with 

respect to different light intensities. There are a total of 70 measurements with the lowest and 

highest values of 52 bpm and 104 bpm respectively and having an average HR of 73 bpm. 

All the measurements are recorded into six different light intensity levels except where the 

light intensity was 40 luxes as we could not record any measurement due to the issue of low 

illumination in the room.  

In the above graph we can see the smart-phone and ECG measurement points at distance 

from each other as a result the gap between the smart-phone and ECG measurements is 

wider when they were record in the poor light intensity i.e. 60 luxes. As the light intensity 

increases from 90 to 1280 luxes, the measurements from both the ECG device and the smart-

phone application approach closer to each other.  It shows the behavior of the measurements 

as the light intensity increases, both the green and red lines drew closer to each other. We 

can infer that for an accurate measurement for the no/light activity category it is important to 

have the light intensity to be higher than 60 luxes at least. 

 

 

1280 640 320 160 90 60 
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5.1.3. Moderate Activity 
 
 

 
Figure 9: Experiments with positive result for Moderate Activity class.  

 
Figure 8 consists of 33 pairs of successful recorded measurements with the lowest and 

highest value of 70 bpm and 109 bpm respectively, having the average of 87 HR. In the 

above graph, for light intensity higher than 320 luxes, the measurement values lies close 

enough to be matched. Whereas for the light intensity of the range between 60 to 160 luxes 

the measurement values are dispersed at some distance from each other and the green line do 

not follow the curve of the red line as it does in the higher light intensity. This concludes that 

for an accurate measurement for moderate activity, the light intensity needs to be 160 luxes 

or above. 

 

 

 

 

 

 

 

 

 

1280 640 320 160 90 60 
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5.1.4. Vigorous Activity 
 
 

 
Figure 10: Experiments with positive result for Vigorous Activity class.  

 
Figure 9 consist of 33 pairs of successful recorded measurements with the lowest and highest 

value of 102 bpm and 142 bpm respectively with the average value of 120 bpm. On the left 

side of the graph where the light intensity is at its lowest between 60 and 320 there is a wide 

gap between the smart-phone and ECG measurements. As the light intensity increases to 640 

luxes the gap between the green and red line becomes narrower. It was expected that both the 

green and the red line would overlap at the highest light intensity i.e. 1280 luxes, which did 

not occur, except the measurements 28th, 29th and 33rd point. The only explanation to this 

behavior is that at these three points the HR was below the average value of 120 bpm that 

was calculated for the category of vigorous activity. 

 

 

 

 

 

 

 

 

1280 640 320 160 90 60 
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5.2. Maximum and minimum accuracy values 
The maximum and minimum accuracy results for the light ranges 40, 60, 90, 160, 320, 640, 

1280+ luxes were attained as follow. 

 

 
Figure 11: Max-min accuracy values for No Activity class 

The image above shows that for the No Physical Activity class of the experiment, the 

accuracy was higher as the light intensity was also increased. As we can see, they started 

with 0%, that is to say, they were impossible to be taken due to the bad light when the room 

was with only 40 luxes. From 60 luxes and up 100% of accuracy could be obtained on some 

of the measurement takings. 

 

 
Figure 12: Max-min accuracy values for Moderate Activity class 

 
For the class Moderate Physical Activity, the accuracy of the application was also higher as 

the light intensity was increased. It also started with 0% in the range of 40 luxes and from 

320 luxes and up, it could reach 100% accuracy. 
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Figure 13: Max-min accuracy values for Vigorous Activity class 
For the class Vigorous Physical Activity, the accuracy was higher as the light intensity was 

increased, although it never really reached a very good level of accuracy. We assumed that 

for that kind of heart state, the application might not work well at all. 

5.3. Further analysis 
We further analyzed the values of the mean accuracy of the application against the ECG 

working under the best conditions that we identified, i.e. the distance of 0.5meters, the light 

intensity of 1280+, full face on the camera area to be processed, and the camera positioned 

perfectly still. The categories were roughly divided into a set of 10 experiments. Once more, 

the subjects were divided into three different groups based on their physical activities: 

No/light activity i.e. the subjects did not perform any physical activity before the 

measurements were taken, moderate physical activity i.e. the measurements were retrieved 

after the subject had been walking/walking upstairs and vigorous physical activity, i.e. after 

the subject had been running. 

We filled a set of tables as below with the result of our experiments.  

The different fields are: 
 
• No Experiment – The number of the experiment. 

• ECG measurement – Measurement that was retrieved from the ECG machine. 

• Smartphone Measurement – Measurement that was retrieved from the 

application. 

• Difference – The actual difference between the ECG and smart-phone 

measurement in Beats per minute (BPM). 

• Relative Accuracy –Relative accuracy for the experiment (ECG X the 

Application). 

• Relative Error - Relative error for the experiment (ECG X the Application). 

 
 
Following, we have the results obtained from our experiments. 
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5.3.1. No Activity 
 

 No 
Experiment 

ECG 
Measurement 

Smartphone 
Measurement Difference Relative 

Accuracy 
Relative 

Error 

1 70 61 9 87.14% 12.85% 
2 70 53 17 75.71% 24.28% 
3 67 57 10 85.07% 14.92% 
4 70 77 7 90% 10% 
5 75 74 1 98.66% 1.33% 
6 73 76 3 95.89% 4.10% 
7 83 77 6 92.77% 7.22% 
8 81 78 3 96.29% 3.70% 
9 77 77 0 100% 0% 

10 70 66 4 94.28% 5.71% 
11 60 62 2 96.66% 3.33% 
12 60 62 2 96.66% 3.33% 
13 62 66 4 93.55% 6.45% 
14 70 76 6 91.42% 8.57% 
15 80 80 0 100% 0.00% 
16 93 98 5 91.42% 8.57% 
17 98 98 0 100% 0.00% 
18 87 89 2 97.70% 2.29% 
19 88 82 6 93.18% 6.81% 
20 72 76 4 94.44% 5.55% 
21 75 81 6 92.00% 8.00% 
22 80 74 6 92.50% 7.50% 
23 73 73 0 100% 0.00% 
24 82 79 3 96.34% 3.65% 
25 67 65 2 97.10% 2.98% 
26 73 73 0 100% 0.00% 
27 78 71 7 91.02% 8.97% 
28 70 66 4 94.28% 5.71% 
29 70 71 1 98.57% 1.42% 
30 71 73 2 97.18% 2.81% 
31 78 71 7 91.02% 8.97% 
32 76 76 0 100% 0.00% 
33 57 55 2 96.36% 3.63% 
34 54 56 2 96.29% 3.70% 
35 70 72 2 97.14% 2.85% 
36 68 70 2 97.05% 2.94% 
37 73 67 6 91.78% 8.21% 
38 70 66 4 94.28% 5.71% 
39 52 55 3 94.23% 5.76% 
40 90 99 9 90% 10% 
41 91 92 1 98.90% 1.09% 
42 104 99 5 95.19% 4.80% 
43 90 95 5 94.44% 5.55% 
44 96 92 4 95.83% 4.61% 
45 84 77 7 91.66% 8.33% 
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46 83 90 7 91.56% 8.43% 
47 80 82 2 97.50% 2.50% 
48 84 76 8 90.47% 9.52% 
49 78 80 2 97.43% 2.56% 
50 65 64 1 98.46% 1.53% 
51 69 60 9 86.95% 13.04% 
52 77 77 0 100% 0.00% 
53 79 78 1 98.73% 1.25% 
54 70 76 6 91.42% 8.57% 
55 76 74 2 97.36% 2.63% 
56 60 55 5 91.66% 80.33% 
57 57 60 3 94.73% 5.26% 
58 53 56 3 94.33% 5.66% 
59 68 67 1 98.50% 1.47% 
60 61 60 1 98.36% 1.63% 
61 67 65 2 97.01% 2.98% 
62 67 67 0 100.00% 0.00% 
63 62 64 2 96.77% 3.22% 
64 62 62 0 100% 0.00% 
65 80 83 3 96.25% 3.75% 
66 69 67 2 97.10% 2.89% 
67 73 77 4 95.89% 4.10% 
68 66 64 2 96.96% 3.03% 
69 60 61 1 98.33% 1.66% 
70 78 80 2 97.43% 2.56% 

Mean  3.571 95.102% 4.896% 
 

Table 9: Relative accuracy and relative error for No Activity class 
 
For light/no activity the performance of the smart-phone application is tested with the output 

of the ECG device for 70 subjects. The Relative Accuracy and Relative Error is calculated 

using [36]. 
 
 
 

 , where  
 
 
The comparison for this scenario shows that the smart-phone application has the average 
accuracy and error at 95.102 % and 4.896 % respectively and with the maximum error of 
24.28 % and a minimum accuracy of 75.71 %. The average corresponding measurement 
difference is 3.571 with the highest individual difference of 17 beats. 
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5.3.2. Moderate Activity 
 
 

 No 
Experiment 

ECG 
Measurement 

Smartphone 
Measurement Difference Relative 

Accuracy 
Relative 

Error 

1 91 78 13 85.71% 14.28% 
2 95 77 18 81.05% 18.94% 
3 79 84 5 86.59% 13.40% 
4 90 79 11 87.77% 12.22% 
5 89 81 8 91.01% 8.98% 
6 82 88 6 92.68% 7.31% 
7 86 77 9 89.53% 10.46% 
8 86 80 6 93.02% 6.97% 
9 89 85 4 95.50% 4.49% 

10 86 86 0 100.00% 0.00% 
 11 72 70 2 97.22% 2.77% 
 12 76 79 3 96.52% 3.94% 
 13 92 88 4 95.65% 4.34% 
 14 87 81 6 93.10% 6.89% 
 15 89 82 7 92.13% 7.86% 
 16 70 70 0 100.00% 0.00% 
 17 70 73 3 95.71% 4.28% 
 18 73 73 0 100.00% 0.00% 
 19 90 89 1 98.88% 1.11% 
 20 86 88 2 97.67% 2.32% 
 21 89 88 1 98.87% 1.12% 
 22 98 94 4 95.91% 4.08% 
 23 76 73 3 96.05% 3.94% 
 24 109 105 4 96.33% 3.66% 
 25 106 108 2 98.11% 1.88% 
 26 104 100 4 96.15% 3.84% 
 27 94 97 3 96.80% 3.19% 
 28 96 93 3 96.87% 3.12% 
 29 89 92 3 96.62% 3.37% 
 30 84 87 3 96.42% 3.58% 
 31 88 88 0 100.00% 0.00% 
 32 90 88 2 97.77% 2.22% 
 33 89 92 3 96.42% 3.37% 

Mean  4.33 94.910% 5.088% 
Table 10: Relative accuracy and relative error for Moderate Activity class 

For the moderate activity the average accuracy is 94.910 % and the error rate is 5.088 %, the 

values very close to that of no/light activity, while the observed lowest relative accuracy is 

81.05% and the highest relative error is 18.94 %. The mean measurement difference 

increased to 4.33 with the highest individual difference remained at 18 beats. 
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5.3.3. Vigorous Activity 
 

 No 
Experiment 

ECG 
Measurement 

Smartphone 
Measurement Difference Relative 

Accuracy 
Relative 

Error 

1 122 68 54 55.73% 44.26% 
2 117 57 60 48.71% 51.28% 
3 105 62 43 59.47% 40.95% 
4 135 60 75 44.44% 55.55% 
5 108 65 43 60.18% 39.81% 
6 112 54 58 48.21% 51.78% 
7 105 84 21 80.00% 20.00% 
8 109 63 46 57.79% 42.20% 
9 129 61 68 47.28% 52.71% 
10 112 75 37 66.96% 33.03% 

 11 117 83 34 70.94% 29.05% 
 12 107 76 31 71.02% 28.97% 
 13 125 98 27 78.40% 21.59% 
 14 117 90 27 76.92% 23.07% 
 15 108 89 19 82.40% 17.59% 
 16 102 88 14 86.27% 13.72% 
 17 112 90 22 80.35% 19.64% 
 18 137 114 23 83.21% 16.78% 
 19 119 106 13 89.07% 10.92% 
 20 142 116 26 81.69% 18.30% 
 21 135 110 25 81.48% 18.51% 
 22 119 98 21 82.35% 17.64% 
 23 121 98 23 80.99% 19% 
 24 136 101 35 74.26% 25.73% 
 25 130 116 14 89.23% 10.76% 
 26 133 110 23 82.70% 17.29% 
 27 127 113 14 88.97% 11.02% 
 28 112 104 8 92.85% 7.14% 
 29 110 104 6 94.54% 5.45% 
 30 141 119 22 84.39% 15.60% 
 31 138 115 23 83.33% 16.66% 
 32 122 107 15 87.70% 12.29% 
 33 115 109 6 94.78% 5.21% 

Mean  29.575 75.351% 24.651% 
Table 11: Relative accuracy and relative error for Vigorous Activity class 

  
With the next set of samples, we assess the scenario of vigorous activity. The average 

accuracy drastically decreased to 87.28 % and relative error 12.72 % with the highest error 

rate of 25.73 %. While the average corresponding difference hurled to 16.6 with the highest 

individual difference of 35 beats for one specific measurement.  
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The vigorous scenario produced quite erroneous results, which proved to be unacceptable. 

The results conclude that the high HR is prone to have more error and the low HR is found to 

produce more accurate measurements. 

The level of accuracy provided by the application can be again explicitly identified as lower 

when the subject performs a vigorous activity as it keeps a mean error rate of 87.28%, 

whereas for moderate activity the mean accuracy was 97.15% and finally no activity 

97.57%. 

Activity Relative 
Accuracy 

Relative 
Error 

No Activity 95.10% 4.89% 

Moderate 
Activity 

94.91 % 5.088% 

Vigorous 
Activity 

75.35 % 24.65% 

 
Table 12: Average relative accuracy and average relative error for the classes. 
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6. The Mobile Heart Rate Monitor System (MHRMS) 
With respect to the approaches that are behind the research front of the application that 

measure heart rate (MHRMS) and the information that we gathered through our experiment, 

we proposed a mobile application prototype and defined a checklist for how to better make 

use of it. The application also make use of some sensors available on smart phones for 

detecting the temperature, sounds and light intensity within the room.   

 
6.1. Requirement for the MHRMS. 
The requirements specified below are for a smart phone application that will monitor an 

individual’s hear rate in order to prevent sudden heart failure. The system’s primary target 

users are parents of new-born infants that can make use of the system for preventing crib 

death, although the system can be used by literally any other individual that wants to monitor 

the heart conditions of another individual. 

The application will use image processing of the video camera of a mobile device as means 

of measuring the heart rate of an individual. An inference method for identifying critical 

situations based on pre-set conditions, together with the alarm messages to other devices are 

the main functionality of the MHRMS 

6.1.1. Requirements for the room and positioning of the device 
 
ID Requirement Description 
RQ1 Light intensity of the 

room 
The room needs to have an illumination of, at 
least, 60 luxes for the application to work. Since 
the application uses a standard mobile phone 
camera, a night-vision camera or any camera that 
works in an environment with poor illumination 
are the final target devices. 
 

 Benefit/Rationale/Why? If the illumination in the room is not bright 
enough, the application may not be available nor 
generate accurate heart rate measurements. Since 
the application deals with life, it is highly 
recommended to work under acceptable 
conditions. 

ID Title Description 
RQ2 Distance of the camera The mobile device should be placed at about half a 

meter of distance from the subject that is being 
monitored. The image processing procedures 
behind the application require the view of the face 
of the individual. If the camera is too close, it is 
not possible to visualize the face of the individual. 
If the device is too far away, other parts of the 
body will be included in the visualization. This 
may demand extra effort for skin detection.  
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 Benefit/Rationale/Why? The mobile device will neither have to be too close 
nor too distant from the subject that is being 
monitored, so that the procedure for extracting the 
heart rates can achieve better results. 

ID Title Description 
RQ3 Stability of the device The mobile device should be placed in a holder 

and hence be stable. Since the process for 
retrieving HR measurements will be done with 
image processing, unstable surfaces or excessive 
shaking of the device may cause a malfunctioning. 

 Benefit/Rationale/Why? In order for the application to obtain better results, 
it will have to be placed in a stable position. 

ID Title Description 
RQ4 Face visualization The visualization of the face of the individual 

plays a very important role for the application. In 
order for it to obtain better results, it is necessary 
for it to have full visualization of the individual’s 
face. 

 Benefit/Rationale/Why? If the face of the individual is not fully visible or if 
the individual is completely turned away to the 
other side, it might be impossible for the 
application to work correctly, since its 
measurements are based on checking skin tone 
variations of the individual. 

Table 13: MHRMS – requirements for the room and positioning of the device 
Other room conditions such as temperature and humidity do not play a major role for the 

application to work, although studies in [39] point out that they may affect directly the heart 

rate of the subject under monitoring.  

6.1.2. MHRMS Access 
 
ID Title Description 
A1 General access All parts of the system should be visible and 

accessible for any user without any membership or 
login to the system. As a matter of fact, no login 
page exists on the application. Hence the only 
requirement for having access to the application is 
installing it on a mobile device. 

 Benefit/Rationale/Why? You can make use of the full application without 
the need of becoming a member. 

ID Title Description 
A2 Session As soon as the user has set all the pre-set options 

(That will be described in the next sub-section) and 
has started monitoring an individual, a unique 
session is started. This session will last until the 
user ends it manually, by closing down the 
application. 

 Benefit/Rationale/Why? The user would need to have long session periods. 
The user should not interrupt a session for various 
reasons, e.g. if the user starts the session at night 
for monitoring an infant, it needs to be running for 
a long period of time. 
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Table 14: MHRMS – requirements for the access 
 
 

6.1.3. Section 2 – Pre-set functions 
 
ID Title Description 
B1 Set means of 

communication 
The system should let the user define in which way 
the alarms and reports (details about the different 
alarms and reports are given in the next sub-
section) will be sent to the other devices, via SMS, 
an alarm alert, email or an automatic call. 
 
In case of a call or a reminder, the system will 
continuously send an alarm and reports until the 
user goes to check what has happened to the 
subject under monitoring. 

 Benefit/Rationale/Why? Depending of the nature of the alarm, the system 
needs to make sure the recipient on the other 
device will receive the alert. As an example, a 
critical heart situation needs to be reported and 
seen by the user. 

ID Title Description 
B2 Set recipients The system should let the user set multiple mobile 

number or email addresses as a destination for the 
reports and alarms that the system will generate. 

 Benefit/Rationale/Why? Each session initiated by the system can be 
attached to different recipients and not necessarily 
the same one of a previous session. 

ID Title Description 
B3 Set an individual’s extra 

Information 
A simple heart rate measurement is not enough for 
making a diagnosis. Different ages of individuals 
may imply different “normal” values for their heart 
rates and therefore extra information is necessary 
for the identification of real critical situations. 
 
Also the current healthy condition of an individual 
may affect pretty much the identification of critical 
situations and therefore the user can pre-set a 
session for an individual with a respiratory 
infection, known heart conditions and even history 
of an unhealthy heart. 

 Benefit/Rationale/Why? It is important to reduce as much as possible 
potential problems that may lead to false alarms. 

ID Title Description 
B4 Set time-basis report The system should let the user set an option for 

receiving reports of the current heart condition of 
an individual on a time-basis. In order to make 
sure that everything is under control on a time-
basis and not only expecting to receive reports 
where critical situations occur, the system can be 
set to work with this time-basis reporting. 

 Benefit/Rationale/Why? It makes the user less worried in cases where, e.g. 
the individual under monitoring who has a lung 
infection already. Knowing that at a certain time a 
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report will be sent makes it easier for the person 
who is monitoring someone else to be less worried. 

Table 15: MHRMS – requirements for the pre-set functions 
 
 

6.1.4. Section 3 – Alarming and Reporting 
 
ID Title Description 
C1 Critical situations The system should send alarm messages for other 

devices if it identifies a risk situation, i.e. a 
situation in which the heart rate measurements 
present values that are not normal in conjunction 
with a combination of the parameters that were 
pre-set. 

 Benefit/Rationale/Why? This might be the primary function of the 
application, since one may use it to predict risk 
situations in the first place. 

ID Title Description 
C2 Time-based reporting 

 
It needs to be possible for the user to select a time-
basis in which he will receive reports about the 
heart condition of the individual under monitoring.  

 Benefit/Rationale/Why? This functionality is useful for the user to have 
more certain control over the application. He 
knows that, no matter what, at a certain time, e.g. 
every half an hour, he will receive a report from 
the application. 

ID Title Description 
C3 Failure in retrieving HR 

measurements 
The application needs to send an alarm in case any 
problems occur while retrieving a heart rate 
measurement. It might include problems with the 
illumination of the environment, positioning of the 
camera and any other kind of problem that makes 
it impossible for the application to retrieve a heart 
rate measurement. 

 Benefit/Rationale/Why? It is very important to know that the application is 
available in case a critical situation occurs. 

ID Title Description 
C4 Low battery levels The application should be able to detect low-levels 

of battery energy and send an alarm to other 
devices.  

 Benefit/Rationale/Why? It is very important to know that the application 
will be available in case a critical situation occurs. 

ID Title Description 
C5 Infant crying The application should be able to detect through 

the sound sensor if the baby is crying and send an 
alarm to other devices.  
 

 Benefit/Rationale/Why? If the infant is upset and starts crying it is 
important for the parents to look what is happening 
to him/her and, thus, this functionality inform the 
parents if the baby starts crying. 

ID Title Description 
C6 Poor light condition The application should be able to detect poor 
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illumination conditions within the room by making 
use of the built-in light sensor that is available on 
the smart-phone. And alarm will be send to other 
devices in case the room is not obeying the 
minimum requirements for illumination. 

 Benefit/Rationale/Why? The application may face problems for taking heart 
rate measurements if the room is not illuminated 
enough and thus, it is necessary to control the room 
conditions accordingly. 

ID Title Description 
C7 Excessive heat within the 

room 
The application should be able to detect excessive 
heat within the room and send an alarm to other 
devices. 

 Benefit/Rationale/Why? According to [39] , heat play an important role for 
heart rate measurements and thus it is important to 
be aware of this factor in order to improve the 
identification of critical risk signs. 

 
Table 16: MHRMS – requirements for the alarm and reports 
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6.2.  Software Specification - MHRMS 
 
6.2.1.  Project summary  
The main scope of the project is to use a mobile smart phone as a tool for monitoring the 

heart rate of an individual in order to predict critical heart situations in which the life of a 

subject, especially new born infants, may lead to sudden death. As a monitoring tool, the 

system will not require membership or login for the user to have access to its full 

functionality. Each session started by the application is unique and reports and 

communication will be generated by the time that the session is running. 

The application will use an inference engine for identifying critical situations related to the 

heart conditions of a subject and built-in sensors available on today’s smart phones in order 

to detect temperature, light and sound conditions within the room and reporting potential 

problems that may affect the health of the individual that is being monitored. 

 
6.2.2. Environment  

Smart phones with Android OS or iOS.  

6.2.3.  Functional requirements  

Roles:  

• Any user with no previous registration or membership. 

• The system itself as a reporter of heart conditions. 

• Receiver – The person (a mobile device and an email address) that will receive the 
alarms and reports generated by the application. 

USE CASE "Starting a new session"  

The user has the choice of starting a new session when the application starts. In order to do 

this, the user will go through a process of completing all forms where he will provide 

information about the session and then place the device on a holder aiming it at the face of 

the individual to be monitored. 

If the application is unable to retrieve hear rate measurements, the user will be informed 

promptly and thus, the session will never start until he corrects the cause of the error. 

Examples of the causes could be poor illumination, unstable surfaces on which the device is 

placed, too short or too long a distance between the mobile device and the subject and wrong 

positioning of the camera. 

USE CASE "Reporting a critical situation"  
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If the user’s choice is to receive only reports if the system detects a critical heart situation, 

the system will uninterruptedly retrieve the heart of the subject every third minute. The 

system will not necessarily send any report or alarm to the receivers, unless it is a critical 

situation. For a better control of the situation, the user can combine this choice with the other 

reporting functionalities that sends reports on a time-basis set by the user. 

USE CASE "Reporting heart conditions on a time-basis"  

If the user’s choice is to receive a report of the heart situation on a time-basis, the system 

will send reports of the heart’s condition of the individual that is being monitored with a 

regular time interval. It does not matter if the individual is in a critical situation or not. 

USE CASE "Reporting excessive temperature within the room"  

If the temperature within the room is too high, the system will send a report to other devices. 

This procedure will be checked by the built-in sensor on the smart phone and the procedure 

for checking the room temperature will be executed at a certain time interval. According to 

[40] it is recommended that the temperature of the room will range between 19° C and 22°C 

(67°F and 72°F) for making it more comfortable for new-born infants. 

USE CASE "Reporting poor light conditions within the room"  

If the room is poorly illuminated, due to a problem with the light bulb, a lack of attention 

while pre-setting the room or any other cause, the system will send an alert to other devices. 

This is very important for the application to make sure of the light conditions of the room 

since, as shown in chapter 6 of this work. Poor light conditions may affect directly the 

performance and accuracy of the heart rate measurements that the application may retrieve. 

The procedure will also be executed periodically by the application and it will be the built-in 

sensor that will report the values. They need to be, at least 60 luxes. 

USE CASE "Reporting an infant crying"  

The application will send an alert to other devices if the sound sensor identifies excessive 

sound – that can be interpreted as a baby crying – within the room. There are different ways 

of detecting crying, but a study in [41] suggest how loud your baby can cry. Those values 

vary according to the distance in which the device is placed in relation to the baby. Also, the 

cry of a baby will be determined according to the values that will be reported by the built-in 

sound sensor. 
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6.2.4. Other requirements (non-functional and system)  
 
• User friendly – The system needs to be easy enough to be set, so that users 

with different levels of expertise can operate it. 

• Availability – Since the system deals with life in a critical situation, the 

system needs to be available all the time during a session. It might be constantly checking 

levels of the battery of the phone and also checking if heart rate measurements are possible 

to be taken. 

• Setting up the environment – For a better response of the system and for 

achieving more accurate results, the mobile phone running the system should be placed on a 

stable holder, at around half a meter distance from the individual that is being monitored, in 

an environment that is not too dark and the camera should be aimed in a way that the full 

face of the individual is seen. 

• Setting up the application – The application can generate better results 

according to extra information that is provided by the user when he is setting up a new 

session. It basically asks the user to complete a form with the information required before 

starting the session. 
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6.3. User Interaction with the MHRMS 
 
The user interaction with MHRMS should be as easy as possible in order for users of 

different levels of expertise to handle it. We designed a basic flow of the user interaction and 

we will now explain the various steps of the interaction.  

When the user starts the MHRMS, the system displays a welcome message and gives the 

option of either to start a new session or to exit the application. 

 

 
Figure 14: MHRMS – Initial screen 

 
By selecting the option of starting a new session, the user will need to complete a set of 

forms in order to customize the session to his own needs, e.g. informing the receiver’s 

information and the type of communication to be applied to that session. The first form is to 

be completed with either the mobile phone number or the email address of the receiver, or 

even both. This information is necessary for the application to send the reports and status of 

the heart condition of the individual that is being monitored. The user has the options of 

going back to the initial page of the application, going to the next form to be completed or 

exiting the application. 
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Figure 15: MHRMS – Setting receiver’s information 

 
It is important to mention, that the number of the mobile device that will be given is the 

number that will receive the reports. It is, thus, useless to inform the number of somebody 

that will not be located geographically close to the infant that is being monitored as the 

person would not be able to take any action when a critical situation is reported. 

The next form to be completed with the information related to type of report that the user 

wants to receive. The receiver of the reports can select between a text message, an email, a 

call or an alarm alert. The user has now the option to go back to the previous form, to the 

next form or to exit the application. We considered using the email feature with respect to 

email providers, e.g. Microsoft Hotmail and even Gmail, apps that are also available on the 

smart-phones. They use beep sounds or vibrations for new emails on the smart-phone just as 

a normal text message reports do. 
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Figure 16: MHRMS – Setting means of communication between devices 

 
The next form will gather information about the individual that is being monitored himself. It 

will provide the application with relevant information when the time comes for making a 

diagnoses. The user will inform the age of the subject that will be monitored, if he has any 

heart conditions, if he is fit or if the individual is going through a respiratory/breathing 

infection. The user has again the option to go back to the previous form, to the next form or 

to exit the application. 

 
 



 

  49 

 
Figure 17: MHRMS – Setting extra information of an individual 

 
The last of the forms to be filled in is related to the frequency of the alarms and reports to be 

sent to the receivers. The user can choose receiving exclusive reports of critical heart 

situations or a report of the heart status in a time-basis or both. When finished with that, the 

user can either return to the previous form or start monitoring the subject or exiting the 

application. 
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Figure 18: MHRMS – Setting the frequency of the report 

 
Now the session has started. The user has the option to either stop the session or exit the 

application. When the session has just started, the system will display an information 

message giving a heart rate measurement and thus, the user can leave the mobile phone on 

the holder and go on to do their normal activities. 

 
Figure 19: MHRMS – Finishing session setup 
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6.4. Internal processing and handling of information 
One important thing to consider when building a monitoring system is how to handle the 

information the system generates. Here we explain further details on how the information is 

generated by the system and what is done with this information. As explained in the section 

of the requirements for using the application, there are two main information generators for 

this application - I) The built-in sensors that are available on the smart-phone and II) the 

inference engine that aggregates the logic of the system, based on values retrieved from 

different studies on heart rates. 

6.4.1. Sensors 

Today’s smart-phones are equipped with different sensors. They are powerful tools for 

enriching smart-phone applications by providing means of sensing environmental conditions. 

The sensors that will be incorporated to the MHRMS are the temperature sensor, the light 

sensor and the sound sensor. We refer to [3] for more detailed information about sensors for 

the android platform. By incorporating these sensors on the MHRMS, the application will be 

able to check for both perfect room conditions and also for monitoring the health condition 

of the individual. 

The temperature sensor will provide the application with information concerning the 

temperature of the room. More specifically, it will benefit the user with the control of the 

room temperature by reporting excessive heat within the room whenever the sensor detects 

it. A study in [40] suggests that the ideal room temperature for a new-born infant is between 

19° C and 22°C (67°F and 72°F) and values that are much higher or lower than this will be 

reported for the other devices attached to a running session. It is important to mention that if 

the mobile phone does not come already with a built-in temperature sensor, there exists on 

the market pieces of hardware that provides this functionality when plugged into the audio 

jack. The name of one such equipment is the Thermodo. [42]  

The light sensor will provide the application with information concerning the light within the 

room. According to the experiments that we presented on chapter 6 of this work, poor light 

intensity in a room may be a factor that will affect the precision and performance of the 

application and thus if the light intensity in a room is lower than 60 luxes for any reason, e.g. 

if the light bulb in a room stops working, the devices attached to a running session will 

receive a report. 

The sound sensor will detect excessive sound within the room. For the new-born infants that 

are being monitored, it will work as a detector of crying or loud sounds. A study performed 
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in [41] , suggest ways of detecting how loud an infant can cry, although it is pointed out that 

the values may vary according to the distance in which the sound sensor is placed in relation 

to the infant and also the age the infant as the older baby gets the louder they cry. Excessive 

sounds will be reported to the devices attached to a running session. 

 
6.4.2. Identification of critical situations. 

In order for the system to detect critical situations in a smarter way, a straight association of 

a heart rate measurement taken and a number on a chart, as some applications, including 

“What’s my Heart Rate” do, shall not be sufficient. There a lot of factors that may affect one 

individual’s heart rate and we need to address them in order for the application to avoid the 

false alarms.  

The values suggested in [29] for individuals in a resting state are best to be observed : 

• Newborns 0 - 1 month old: 70 - 190 beats per minute 

• Infants 1 - 11 months old: 80 - 160 beats per minute 

• Children 1 - 2 years old: 80 - 130 beats per minute 

• Children 3 - 4 years old: 80 - 120 beats per minute 

• Children 5 - 6 years old: 75 - 115 beats per minute 

• Children 7 - 9 years old: 70 - 110 beats per minute 

• Children 10 years and older, and adults (including seniors): 60 - 100 beats per 
minute 

• Well-trained athletes: 40 - 60 beats per minute  

When starting a session with the application, the user will complete a set of forms and in one 

of those forms, the user will provide the age of the subject, if he has any heart condition, if 

he is fit and if he has any respiratory infections. The user can even set value ranges for what 

to expect to be the heart rates of an individual that will be monitored. This information will 

play a major role for the application to detect real critical situations. We assume that, by 

being extracted through a study, these values are more real than just any plain ordinary table 

of values with fixed values, e.g. the diagnose bar that they have on what’s my heart rate,  and 

therefore they are trustworthy for detecting critical situations. 
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6.5. Risk factors 
We are contemplating this prototype at a conceptual level, and thus, more specific studies are 

not possible to be performed. Crucial things to have in mind are that we are dealing with a 

smart-phone and properties such as availability and computing power to process information 

may vary drastically from device to device. Further, the extensive usage of the application 

may require more energy consumption and therefore the battery of the mobile phone may 

run out of energy faster. 

Although the real causes of SIDS are up to this day not rigorously identified, there are risk 

factors that can be attributed to the contribution of SIDS. According to [43], breathing, 

respiratory arrest, acid refluxes and positioning of the face of the infant are a few critical 

factors that can be associated with SIDS. These factors could easily be handled if a fast 

response action could be taken. In this project, we focused on the heart rate conditions of the 

individual that is being monitored, but as we mentioned before there are various risk factors. 

We strongly believe that a possible way of detecting breathing and even detecting the 

position of an infant, e.g. if the subject is laying his/her face against the mattress, by 

applying the Eulerian Video Magnification [25] procedure. Among the output videos shared 

by the authors on the project’s webpage, there is one in which it is clearly possible to see that 

a new born infant is breathing after the application of their magnification algorithm. 

Although, it is lacks a procedure for making the identification of the breathing automatically, 

i.e. through video processing techniques. 

6.6. Integrating the application with shared data 
The application that was present above was an example on how to make better use of the 

information that can be generated by one smart phone. We strongly believe that it is even 

possible to make better use of the data generated by the application. The idea is saving the 

information gathered to each session in a common server and every new session could take 

advantage of using this shared data. 

The analysis of a series of successful sessions can help further in avoiding false alarms. An 

algorithm for analyzing similarities between the individuals in these sessions, e.g. age and 

other parameters, and analysis on the history of successful alarms that were raised for critical 

situations could be used for attaining more accurate inferences. But this idea needs to be 

further developed and formalized. 
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7. Conclusions 
HP1 – Parents of new-born infants can most probably benefit from the usage of today’s new 

technologies available in their mobile phones for assisting them with monitoring the heart 

rate of their infants and so predicting risks factors that can eventually lead to SIDS. 

We strongly believe that the best way to deal with a critical situation is by taking a fast 

response. By using the current technology in order to get instant alarms or recommendations 

about critical situations that put the life of an infant at risk. Parents and other people that are 

monitoring an infant will have a powerful way of taking fast responses for critical situations. 

RQ1 – Is the technology present on today’s smart phones trustful enough for providing 

accurate measurements while monitoring one subject’s heart rate? In other words, do the 

procedures for heart rate measurement provide accurate results when compared to a 

standard clinical device?  

In this research work, we have studied the different approaches used for mobile devices to 

extract heart rate measurements of individuals. We evaluated the accuracy a smart-phone 

application for retrieving non-contact heart rate with values retrieved from a FDA clinical 

device. The application that we selected used an approach of analyzing human skin tone 

variations using the built-in camera of the phone and this is a crucial point for building a 

monitoring system, because we strongly believe that the best way of monitoring a subject 

without touching them. The results of our evaluation, pointed that it is very reasonable to use 

a smart-phone application for building a heart-rate monitoring system if one uses built-in 

sensors and technologies for enriching the monitoring system. 

Our study pointed also that the application works very well for individuals that have just 

gone through a moderate activity or a light activity and that if the individual has done a 

vigorous activity right before the measure taking, the accuracy level of the application is 

affected. Relating the monitoring system, it means if the heart of the individual is more 

excited the level of accuracy of the application can be affected. In the context of SIDS, 

babies can have a heart rate range that goes from 70 bpm through 190 bpm if they are under 

one month old and 80 bpm through 160 bpm if they are between 1 and 3 months old, so we 

can consider them to have naturally an “excited” heart rate. The impacts of applying the 

techniques and approaches presented on this work needs to be further studied, since we 

conducted our experiments exclusively on adult individuals. 
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RQ2 –What are the perfect conditions, e.g. room conditions and position of the device in 

relation to a subject for a heart-rate monitoring application to work at a trustful level of 

accuracy? Which conditions can cause malfunction of the application?  

Optimal scenario:  

 A distance of around 0.5 meters between the device and the subject.  

 The light intensity is of, at least, 90 luxes.  

 The device is set in a stable position and the subject needs to be stationary.  

 The subject is with his full face towards the camera.  

 The subject's level of heart excitement may affect the level of accuracy of the 

application, but still it works to take measurements.  

Bad scenario: 

 The subject is sitting in a place with poor light resources.  

 The distance that the device is placed in relation to the subject. These two values 

were what we explored the most, 0.2 meter and 1 meter.  

 Movements from both the subject and the camera while the heart rate measurement 

is being taken.  

 The face of the subject is not positioned with full face towards the camera.  

 The subject is feeling too excited due to vigorous physical activity  

 

RQ3 – How to best merge the technology available with the hardware available in today’s 

smart-phones for creating a powerful and trustworthy heart rate monitoring system 

application with respect to critical risk factors?  

• Using built-in hardware, e.g. camera, and integrating it with sensors. 

• Avoiding using static values for diagnoses. 

• Building more elaborated inference engines for taking diagnoses. 

• Using simple ways of communicating with other devices, e.g. SMS, alerts, calls, 

email messages.  
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8. Future Work 
According to our research questions, we limited the scope of our work to checking the 

viability and level of trust of using a smart phone as a device for monitoring heart rates on a 

subject with the intention to predict abnormalities or heart conditions that may for instance 

lead to SIDS. Our work can be continued with different possibilities: 

• Using the data that we collected for simulating in a controlled environment, 

how a smart phone application for monitoring heart rate abnormalities would work and 

studying possibilities of false alarms with respect to using it under non-optimal conditions. 

• Making a more rigorous work on which are the heart rates that represent a 

very serious threat to life i.e. a study with people that have heart conditions in order to define 

which are the best circumstances for the use of a smart phone application for monitoring 

heart rates to avoid false alarms. 

• Make a similar study with a focus not on heart rate of a subject but other 

relevant critical factors, i.e. breathing, respiratory arrest and acid refluxes. 

• Procedure with a study of the accuracy of the application strictly applied to 

infants. 

• Proposing a procedure for extracting heart rate measurement based on the 

Eulerian Video Amplification, or any video amplification procedure, and implementing it for 

analyzing if the light in a room can be considered a less affecting factor for the good 

performance of taking heart rate measurements. 

• Working further with Eulerian Video Magnification for identifying further 

vital signs and risky conditions for infants, e.g. detecting their breathing and detecting if the 

baby is laying on his/her stomach. 

• Investigating the technology available for heart rate monitoring of multiple 

subjects. 

• Using different ECG equipments and comparing the results to those that we 

have achieved. 

• Ultimately, implementing the heart rate monitoring system (MHRMS) for 

smart phones with the ideas that were provided on chapter 6 of this work and validating it.  
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