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1. Abstract 

The restrictions that have been introduced with the Covid-19 pandemic has led to stores 

having less customers and stores shutting down. There is a need to track people's 

occupancy in public places so there could be more people in those places but still 

following the restrictions. This study evaluates and compares three different heat 

sensors to see if they could be used for this. The three heat sensors that have been used 

in this study are both low-cost and low-resolution sensors. The choice of low-resolution 

heat sensors is important to not intrude on people's privacy. In this study, there were 

three different experiments performed on all the three sensors. The experiments were 

done to see how sunlight could affect the sensors, what advantages, and disadvantages 

there are by placing the sensors in different positions, and how good the sensors are at 

separating people. The collected results gave a good basis to answer the research 

questions and better understand the sensors chosen in this research. The results also 

showed that the sensors can be used as an aid against a pandemic when restrictions must 

be kept. In the discussion we talk about how the sensors performed in different 

experiments and how they performed against each other. Our chosen method is also 

discussed and what we think were good and what went wrong so others do not repeat 

our mistakes. The paper ends with our conclusions and suggestions for future work.
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1 Introduction 

Crowded areas always increase the risk of spreading virus. With Covid-19, the need for 

restricting the spread is highly topical. Crowded areas, like shops and restaurants, are 

today limited to a number of people, with the consequence that it affects the business 

negatively. The crowded areas result in a larger spread of the virus among humans as 

Baser (2021) talks about in his paper. People around the world are trying hard to find a 

solution to reduce the spread of the virus. To aid the stores, one solution is that the 

countries set up restrictions in public areas limiting the number of people that could be 

in a store at the same time. Because of this, stores have not been selling as much as they 

usually do, leading to bankruptcy in some cases. To aid the stores with controlling the 

crowd and perhaps let more people into stores at the same time, the crowd will have to 

be monitored and guided to keep the restrictions. This could be done with the help of 

low-cost and low-resolution heat sensors. The heat sensors can be used to monitor 

people's movement and position and at the same time keep their privacy. Because of 

GDPR keeping people’s privacy has become an important thing to consider when 

owning a store with customers. For example, you must apply for a permission to use 

camera surveillance, that is something you do not have to do when using low-resolution 

heat sensors (Integritetsskyddsmyndigheten, 2021). The research done by Sirmacek & 

Riveiro (2020) has been done to show how heat sensors can be used to predict 

occupancy inside offices and with that automate the control of lightning, heat, and air. 

For the sensors to be used in the best way possible they must be tested. This study will 

focus on how heat sensors can be used and placed to detect humans in the best way 

possible. This research could contribute to aid against future pandemics since there 

exists other viruses than the Covid-19, which could mutate and turn into a virus like the 

Covid-19 resulting in a new pandemic. When the pandemic came, the world was not 

prepared for a pandemic, that is why a problem exists and why this research was made. 

A heat sensor that was evaluated in this paper is the Omron D6T-32L-01A which is an 

infrared thermal sensor (Omron, 2017). The D6T sensor can detect humans by sensing 

the change in the body temperature and separate it from the surrounding temperature. 

The D6T sensor does not rely on motion detection, instead it can detect human body 

heat and therefore detect human presence. The D6T sensor was chosen by Lamberti 

et.al (2018), it was used to count the number of people inside a car. Flir Lepton 3.5 is a 

thermal image sensor that has also been investigated and evaluated in this research. It 

uses infrared waves and works as a camera module that is easy to use right away in 

combination with mobiles and other electronics (Groupgets, 2017). Another sensor that 

was investigated in this research was the Presence sensor it was used in the research by 

Sirmacek & Riveiro (2020). The Presence sensor uses thermo technology to detect body 

temperature. This research is also going to compare the three sensors. 
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1.1 Problem statement 

Due to Covid-19, most public places need to shut down or reduce the amount of people 

that can visit simultaneously. This research aims to investigate the D6T heat sensor, the 

Lepton sensor, and the Presence sensor. All three sensors are to be tested to see if they 

can be used to detect people’s occupancy in indoor environments at public places. The 

focus is going to be on indoor environments at public places like stores where it can get 

too crowded. The tests are going to be conducted in a lab room where an indoor public 

place is illustrated in the best way possible. The D6T sensor is a low-cost and low-

resolution heat sensor that could be a great alternative to detect people's occupancy in 

public. Much research has been done on the D6T sensor showing that the D6T sensor 

is a good alternative for detecting people. That is why the D6T sensor is being compared 

with the Lepton sensor and the Presence sensor to see which one that gives the best 

results.  

In the paper (Parnin & Rahman, 2017) heat sensors are used to detect human presence. 

That is why this paper will focus on heat sensors to investigate whether they could be 

useful for maintaining public area restrictions. In the article (Fairlie, 2020) they talk 

about the impact that Covid-19 has on business economics and how the number of 

business owners have decreased. This is another reason why a low-cost heat sensor can 

be of good use. It can help stores to detect the number of people inside the store and see 

if the restrictions are followed. It is also good since the heat sensor is a low-cost and 

low-resolution heat sensor, the stores will save money and keep their customers' privacy 

at the same time. The restrictions result in less customers in the stores.  

1.2 Purpose and research questions 

1.2.1 Purpose 

The purpose with this research is to evaluate the heat sensors D6T, Lepton and Presence 

and how they can be used to detect humans at public places. There will also be an 

evaluation of how they perform in different situations, where, for example, distance and 

noise artefacts can vary. Due to the current pandemic of Covid-19, this research also 

tested heat sensors to see if they could be used as an aid in public places to keep the 

restrictions and be more prepared for possibly coming pandemics.  

1.2.2 Research questions 

Parnin & Rahman (2017) shows that heat sensors can be used to detect human presence. 

Another thing mentioned is that during the experiments a lot of considerations were 

taken to reduce the effect of sudden temperature changes. In our research, no sudden 

temperature changes can be removed since they must be included to see if the sensors 

can be used in public places where there exist sunlight and heat sources that can reduce 

the accuracy of the sensors. According to Sirmacek and Riveiro (2020), low-cost and 

low-resolution heat sensors are easily affected by different kinds of noise artefacts. 

They mention that it could be because of heat prints of humans or other objects, which 
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are affected by sunlight, because heat sensors do not only capture heat from humans, 

but also heat from warm objects. Therefore, the first research question of this research 

is: 

 How much are the results affected by noise factors such as heat prints that 

could come from people or objects exposed to sunlight? 

One research on how a heat sensor is affected by distance from the sensor and the heat 

source has been done in the paper by Kumar & Dhadge (2018). In the paper, they say 

that the further away the target is from the heat sensor the accuracy is decreased. They 

do not discuss how angles can be used to cover more distance or give a more accurate 

result. The only thing they mention about it is that if the sensor is placed at a better 

position, it could increase accuracy. That is why the second research question was 

chosen: 

 What are the advantages or disadvantages in placing the sensor in the ceiling 

or on the wall or at a position with a specific angle? 

According to Antić et al. (2009), there could be a problem with distinguishing people 

in a group when using infrared beams or heat sensors. They mentioned heat sensors in 

general, but no tests were done in the paper on heat sensors. Especially not the two 

specific sensors that were used in this research. That is why this paper looked further 

into the matter of distinguishing people in a group. More specifically, the authors of 

the study in this paper investigated how good the three sensors are at distinguishing 

people when they come close to each other. This led to the third research question: 

 How close can people stand to each other before they are seen as one 

individual? 

1.3 Scope and limitations 

1.3.1 Scope 

The focus in this study is to investigate the D6T heat sensor, the Lepton sensor, and the 

Presence sensor. 

1.3.2 Limitations 

To collect data from the D6T sensor, a STM-32 program was used to set up the sensors 

to collect the data. To plot the collected data, a MATLAB script was used and not much 

time was spent on improving the program to collect data to give better results because 

the results gave enough information to answer the research questions. The Lepton 

sensor was used with the Lepton user app to collect data. The Presence sensor was used 

with a Python script to plot a low-resolution heat map. 

No other heat sensors or heat cameras than D6T, the Lepton sensor and the Presence 

sensor are to be tested in this research. Hence, to answer the three research questions, 

the research is only considering these three sensors. 
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1.4 Disposition 

This paper is organized as follows. Chapter 2 discusses and explains the chosen method 

of the research and how the implementation is done. Chapter 3 describes what 

theoretical framework the research has used. Chapter 4 shows the result of the study 

where both the data collected, and analysis of the data is presented. Chapter 5 is the 

discussion of the study where 5.1 discusses the results and 5.2 discusses the methods of 

the research. At last, in chapter 6, the conclusion is done, and future work is proposed.  
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2 Method and implementation 

To answer the research questions, an experimental study was conducted. Leaning 

towards the quantitative side because during the research, data was collected. Before 

the study started, a literature review was made to find relevant articles about previous 

work that are similar to this study. To collect the data a STM-32 program was used to 

set up the D6T sensor. To map the collected data a MATLAB script was used. The 

research found two different data analysis algorithms that the research could have 

benefited from, but not enough time was left to test them. The first one that was found 

was the algorithm mentioned by Singh & Aksanli (2019) to detect human presence. The 

second algorithm was the algorithm presented by Sirmacek & Riveiro (2020), also to 

detect human presence. For the Lepton sensor the Lepton user app was used to collect 

data. For the Presence sensor a Python script was used to collect data. 

An experimental and quantitative study was the optimal choice of method in this 

research. Because doing experimental research gives a good overview of different 

situations that need to be investigated to answer the research questions. It was also a 

good choice because it is easy to change just one parameter or variable to get different 

results to end up with the best results and conclusions. In this study, data was collected 

from the D6T heat sensor, from the Lepton sensor and from the Presence sensor to be 

evaluated to see how fitting they are to detect human presence in public places. To 

answer the research questions, experiments that are explained later in chapter 2, were 

conducted to see how the D6T, Lepton and Presence sensor perform under different 

conditions.  

2.1 Data collection 

In the paper written by Sirmacek and Riveiro (2020) they mentioned that different noise 

factors can affect the result of a low-resolution heat sensor. Two of the noise factors 

that they mentioned are people and objects exposed to sunlight. To collect the data, 

humans and objects were exposed to sunlight for a couple of seconds to generate more 

heat. The object or human was removed but the sunlight was still present in the sensor's 

field of view (FOV). This was done to see if the sunlight could generate enough heat to 

trick the sensor to believe that the object or human was still present in the FOV.  

Because the sensor is affected by distance, data was also collected when the sensor was 

positioned in different angles, in the ceiling or on the wall. This was done to answer the 

second research question. It was believed that placing the sensors in different positions 

could result in a better FOV in terms of wideness. Because it could give more angled 

focus on the target object instead of the room temperature, meaning that more of the 

human body could be captured by the sensors. If more of the human body is captured, 

the more pixels in the sensors FOV are occupied, resulting in more focus on the human 

body rather than the room temperature. It is mentioned in the user manual Omron 

(2017) how distance can be increased by position of the heat source. By placing the 

heat sensor at a specific position, it can give the heat source a better position when it is 

caught by the sensor. 
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Kumar and Dhadge (2018) mention that the further away the target is from the D6T 

sensor, the more the background temperature affects the output from the sensor. This 

research focused on indoor public places and wanted the research to look like a store. 

Therefore, the research did the estimation that people in a store could be 5 metres from 

the sensor. To answer our third research question, the measurements were made on two 

people standing 5 metres down to 2 metres from the two sensors. The distance 5 metres 

down to 2 metres were chosen because it was assumed that people would not be further 

than 5 metres away from a sensor or not closer than 2 metres from a sensor.  

2.2 Data analysis 

All the data from the sensors were analyzed through a plotted heat map. By using heat 

maps that were constantly updated with the values picked up by the sensors it was easy 

to see when to measure in the different experiments. Also, by looking at the heat maps 

the data could be analyzed right away. 

2.2.1 D6T sensor 

The data collected from the D6T sensor was transmitted from the sensor via USB over 

the communication port (COM) to MATLAB. Once the data arrived in MATLAB the 

data was plotted into a figure of the size 32x32 illustrating temperatures picked up by 

the sensor. This made it easy to see changes in the temperature since the sensor 

constantly transmitted data to MATLAB. For example, if a human stepped in front of 

the sensor while it was reading data from the room, the change in the data would 

immediately be transmitted to MATLAB plotting the human body or at least resemble 

a human. This made it easy to see if a human or object was picked up by the sensor or 

not.  

2.2.2 Lepton sensor 

The Lepton sensor was connected to the pureThermal 2 board to get visual data from 

the Lepton sensor. The Lepton user app was used to get heat images. The app was used 

to evaluate the data picked up from the Lepton sensor. 

2.2.3 Presence sensor 

As mentioned, the Presence sensor was used with a Python script to collect data. The 

data picked up by the sensor was transmitted from the sensor via USB over COM. Once 

the data was transmitted the data was processed and then plotted in an 8x8 heat map. In 

the heat map all the temperatures picked up by the sensor were displayed and constantly 

updated because of the transmission via COM. This made it easy to see when a person 

stepped inside the FOV of the sensor.  

2.3 Validity and reliability 

To strengthen the validity and reliability a lot of research about the sensors was made. 

The research gave a good understanding of how the sensors worked and what they can 

do and cannot. A literature review was also made to find relevant and similar research 
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about the sensors to see what had already been done and what results and conclusions 

that had already been discovered. It helped to know some previous research to know 

how to get the best results in different situations. 

The literature review was made with as low spread as possible in years, that means 

choosing not too old articles. This seemed like a good reminder since the technical 

industry is a fast-developing industry.  

The experiments that were carried out in this research were made multiple times but 

under different conditions to get a result of how the sensors perform in general. The 

tests were performed with different lighting and during different times of the day.  

The experiments are explained as good and thorough as possible to make sure that they 

can be reproduced under the same conditions. This does not create confusion among 

the people conducting the experiments since there exists a method to follow for each 

experiment. By having the same method for each experiment, the research ensured that 

the things supposed to be measured were measured. The considerations mentioned in 

chapter 2.4 also strengthen the results because it was always known what was in the 

FOV. 

2.4 Considerations 

In the experiment with two people standing next to each other, there were only those 

people in the room, to ensure that other persons did not affect the sensor's result. This 

was considered to get the most accurate result as possible to the third research question. 

If people other than the two persons that were supposed to be measured would have 

been in the FOV of the sensor, the results could have been affected and give wrong 

results. 

During the experiments, a lot of considerations were taken about not having too many 

objects in the FOV that could affect the data reading from the sensors. Because at a 

longer distance it was hard to see if a heat signature was a human or an object. To be 

sure, objects that gave heat signatures were removed. 

All the three tests were done multiple times and the results were compared. If some 

result gave odd values compared to earlier values a further investigation was made to 

figure out why it could be that way. 

The experiments explained in chapter 2.5 are explained carefully and that makes it easy 

to reproduce them under the same conditions. 

2.5 Experiments 

To get a more thorough overview of all the experiments done in this research, the three 

experiments are explained down below. 

2.5.1 Method Experiment 1 

The method used in experiment 1 was used to answer the research question: 
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How much are the results affected by noise factors such as heat prints that could come 

from people or objects exposed to sunlight? 

To collect data in this experiment the D6T, the Lepton sensor and the Presence sensor 

were placed at positions where a heat source or sunlight beam was present in the FOV. 

Once the sensor used was placed at a good position a human or object was placed in the 

FOV exposed to a heat source or sunlight for 30 seconds. 

This method was used to generate enough heat to be noticed by the heat sensor as heat 

on the heat map. Then when it was clear that the object or human was picked up by the 

sensor the object or human remained in the FOV of the sensor for 30 seconds before it 

was removed. That left the heat source or sunlight in the FOV of the sensor to see if it 

could generate enough heat to make it look like the object or human was never removed. 

If the heat signature was still present or some of it, it was considered a heat print and 

seen as a noise factor. Heat print is something that appears present as a heat signature 

on the heat map. In this experiment it was also tested if a human sitting on a chair could 

generate enough heat on the chair to still appear present in the FOV of the sensor.  

2.5.2 Method Experiment 2 

The second experiment was conducted to answer the second research question: 

What are the advantages or disadvantages in placing the sensor in the ceiling or on the 

wall, or at a position with a specific angle? 

The sensor was placed in four different positions. On the ceiling looking down in the 

room, and on the wall looking into the room and at a 45-degree angle between the 

ceiling and the wall, and at last, into the corner of a room where two walls and the 

ceiling met. The test was made by placing humans in different positions in front of the 

D6T sensor, the Lepton sensor, and the Presence sensor. For example, how far to one 

side could one person go before stepping out of the FOV, showing which position of 

the three sensors that covered the most area. To get a better understanding of how the 

experiments were done, see figure 1,2,3, and 4. 

 

Figure 1: Experiment with sensor placed on the wall. 
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Figure 2: Experiment with sensor placed in the ceiling. 

 

Figure 3: Experiment with sensor placed in an angle of 45 degrees. 
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Figure 4: Experiment with sensor placed in the corner in an angle of 45 degrees. 

2.5.3 Method Experiment 3 

The third experiment was carried out to answer the third research question: 

How close can people stand to each other before they are seen as one individual? 

First, the D6T sensor, Lepton sensor and Presence sensor were placed out. After that, 4 

spots were marked out at the distances 2m, 3m, 4m and 5m respectively from the three 

sensors. The two persons then stood next to each other on one of the marks starting with 

a clear distance between them. The two persons then moved closer until the three 

sensors could not see any distance between the two persons. The distance between the 

two persons was then measured arm to arm. Even though there was no visible distance 

between the two persons, it was still possible to recognize two persons on the heat map. 

Therefore, the two persons moved even closer to each other until there was no 

possibility to see them as two persons anymore. After that, the distance between the 

two persons' heads was measured instead because in most cases half the body was 

behind the other person This was done only for the D6T sensor because it was only this 

sensor that had this issue. The Lepton sensor could see the two persons' heads all the 

time so the distance between them did not seem relevant. The Presence sensor could 

never see a person's head because the heat map was only printed in an 8x8 matrix and 

therefore the measurement between the two persons head was not relevant in this case 
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either. This was done the same for all four distances. After that, the experiment was 

conducted multiple times to get the results as accurate as possible. See figure 5 to get a 

better understanding of how the experiment was done. 

 

Figure 5: Experiment distinguish people. 
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3 Theoretical framework 

3.1 Connection between theory and research questions 

The D6T and the Lepton sensor both measure and read infrared radiation (IR) to 

measure the temperature of objects in the sensor's FOV. The Presence sensor uses 

thermo technology to measure the temperature of objects in the sensor’s FOV. Because 

they are based on the same principle in what they measure they can be used in similar 

ways. It is relevant to see which one of them gives the best results. To answer the 

research questions, it is important to see which sensor that gives the best results or 

performs better than the others in different situations. 

3.2 Selection of components 

Sirmacek and Riveiro (2020) mention that sensors and other electronics are becoming 

increasingly common in our daily lives. They also say that this led to keeping down the 

costs of electronics is something that has gained a lot of attention in recent years. Since 

the results of this study could be used in public places and most likely, in many different 

places, choosing a sensor on the more expensive side will make the systems very 

expensive. Therefore, the choice of a low-cost sensor could be a good choice for stores 

struggling with their economics due to Covid-19. The D6T and the Lepton sensors are 

both low-cost and are a good alternative for keeping the prices down. Also, because 

they are low-resolution, they do not intrude on people's privacy. As mentioned before, 

the Presence sensor used by Sirmacek and Riveiro (2020) is described as a low-

resolution and low-cost heat sensor as well.  

3.3 Selection of software 

For getting the heat images from the Lepton sensor the Lepton user app was chosen. 

The program was used to be able to use the Lepton sensor as plug and play. It was an 

optimal choice because it was fast to set up and collect data with the Lepton user app. 

Fact about the user app and how to use it can be found at (Flir Lepton, 2019). 

To collect data from the D6T sensor, Cube IDE has been used. Cube IDE was chosen 

since it is STM32:s own software and is compatible with a STM32 card. MATLAB has 

been used to plot a 32x32 heat map from the data collected from the D6T sensor. The 

choice of software’s used with the D6T sensor was based on that it was easy and smooth 

to transmit data via the COM from Cube IDE to MATLAB to then be plotted as a live 

heat map. The transmission over COM was the best way to go because the data needed 

to be transmitted constantly from the D6T sensor like a live feed of data updating the 

heat map. 

To gather data from the Presence sensor visual studio code was used to write a Python 

script that plotted an 8x8 heat map. The data was collected from the sensor via the COM 

port then handled in the Python script. This made it possible to use the Presence sensor 
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as plug and play as well meaning it was fast to set up. Because of the transmission over 

the COM port, it was possible to get real time values from the sensor or at least with 

little delay. Python was also chosen because it is easy to use Python on a raspberry pi. 

Having the alternative to connect the sensor to a raspberry pi makes it possible to set 

up the sensor for a longer time of data collection. 

3.3 STM32 

The STM32 microcontroller board has been used to control and gather data from the 

D6T-sensor. This board was chosen because the authors have worked with that board 

before and are more familiar with it, compared to other boards. The STM32 board also 

has their own software, as mentioned, called Cube IDE. The authors had worked with 

other Cube software’s and knew how to work with that software as well. 
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4 Results 

In this chapter the results of the research that was conducted from the different 

experiments are presented. 

All the three experiments were done multiple times and then the mean of the results 

was taken as the result for each experiment. In some of the experiments, where one of 

the results differed too much from the other results of that experiment, the choice was 

made to further investigate those results. It was important to find out why to avoid bad 

results or to know if it was a bad result or not. 

In experiment 2 and 3 for the Presence sensor, the background temperatures were 

removed making the background in the heat map black because the person was easier 

to spot in the heat map. It was tested with background temperatures as well and it was 

harder to see the person in the heat map, so the decision was made to remove the 

background temperatures making it easier to see the person. Figure 6 down below 

shows the difference between removing the background temperatures and not removing 

the background temperature. To the left of the figure, the background temperatures are 

removed and to the right they are still in the heat map. 

 

Figure 6: Difference between removing the background temperatures and not removing 

the background temperatures. 

4.1 Result experiment 1 

The first experiment was tested by doing two different tests. The first test by exposing 

the sensors to sunlight. First, the hand was placed in the sensors’ FOV and after 30 

seconds the hand was removed to see if the sensors still thought that the hand is in the 

FOV. In the second test, a person sat on a chair for one minute and see if the person had 

left any heat prints on the chair. For the two tests that were performed in the first 

experiment, the three sensors gave similar results.  

4.1.1 Heat prints and noise factors D6T 

When exposing the D6T sensor to sunlight, it showed a lot of heat on the heat map from 

the beginning, already before the hand was in the sensor's FOV. How the heat map 

looked before the hand was in the FOV and a picture of what the sensor was looking at 

is shown in figure 7 below. 
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Figure 7: Experiment with sunlight D6T without hand in FOV. 

When the hand then was placed in the FOV of the sensor, the heat from the window 

was not that clear anymore. After having the hand in the sun and in the FOV of the 

sensor for 30 seconds, the hand did not look any warmer to the sensor. A heat map of 

how it looked when the hand was in the FOV of the sensor can be seen in figure 8 down 

below. Also shown in figure 8 is a picture of what the sensor was looking at when the 

hand was in the FOV of the sensor. 

 

Figure 8: Experiment with sunlight D6T with hand in FOV. 

When removing the hand from the sensor’s FOV, the hand did not leave any heat prints 

on the heat map. The sensor gave a quick response and saw that the hand was removed 

right away, showing the same heat map as before, when the hand was not in the FOV. 

The next test that was done gave different results. By first putting a chair in the sensor’s 

FOV, the sensor did not see the chair as heat on the heat map. The heat map only showed 

heat that was reflected from the sunlight on the window. Figure 9 down below shows 

the heat map and a picture of what the sensor was looking at when there was no person 

sitting on the chair. 
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Figure 9: Experiment with chair D6T before human sat on the chair. 

Figure 10 down below shows the heat map and what the sensor was looking at when 

there was a person in the FOV. What can be seen in figure 10 is that when the person 

was sitting on the chair, the heat that was reflected from the sunlight on the window, is 

less clear. The sensor was showing heat from the person sitting on the chair and it 

seemed like that heat filtered out the heat from the window. 

 

Figure 10: Experiment with human in the chair. 

When the person left the chair there was still heat from the chair showing up on the heat 

map, showing that the person had heated up the chair. After the person left, the heat 

from the window was clearer on the heat map again, as shown in figure 11 below. Also 

seen in figure 11 below is what the sensor was looking at when the person left the FOV. 

This result shows that the D6T sensors can be affected by people when they are sitting 

down, because a person can heat up things, as in this case, a chair.  
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Figure 11: Experiment with chair when human just left the chair. 

4.1.2 Heat prints and noise factors Lepton sensor 

The Lepton sensor showed more heat than the D6T sensor when it was exposed to 

sunlight. Figure 12 down below showed what the heat map and what the sensor was 

looking at before the hand was in the sensor’s FOV.  

 

Figure 12: Experiment with sunlight Lepton sensor. 

Because of all the sunlight the Lepton sensor showed on the heat map, the hand was not 

that clear as it is without the sunlight, but it is still visible. How the hand was shown in 

the heat map can be seen in figure 13 below. Also shown in figure 13 is what the sensor 

was looking at when the hand was in the FOV. When the hand was removed, the hand 

disappeared on the heat map and left no heat prints where the hand had been. This led 

to the heat map looking the same after the hand was removed, as it did before the hand 

was in the FOV. 

 

Figure 13: Experiment with sunlight when hand is present. 
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By doing the test with the chair, the results showed us that even the Lepton sensor can 

be affected by sunlight and heat prints from persons that had left the FOV. Figure 14 

below shows what the heat map looked like and what the sensor was looking at before 

the person was sitting on the chair. 

 

Figure 14: Experiment with chair before human sat on the chair. 

 

The Lepton sensor, like the D6T sensor, also showed less heat from the window when 

the person was sitting on the chair. For this test, it is clearer that you can see a person 

on the heat map, than what it was when doing the test with the hand. What the heat map 

looked like and what the sensor was looking at can be seen in figure 15 down below. 

 

Figure 15: Experiment with chair when human is sitting in the chair. 

When the person left the FOV, the chair had been heated by the person and still showing 

heat prints on the heat map. This showed that the Lepton sensor also could be affected 

when the sensor is exposed to sunlight and a person enters and then leaves the FOV. 

Figure 16 below shows what the heat map looked like after the person left the FOV. It 

is seen that the chair is seen as warmer after the person had left, than what it was before 

the person entered. A picture of what the sensor was looking at when the person had 

left can also be seen in figure 16. 

 

Figure 16: Experiment with chair when human just left the chair. 
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4.1.3 Heat prints and noise factors Presence sensor  

Although the Presence sensor is a low-resolution sensor and the heat map is plotted in 

an 8x8 matrix, it was still clear to see the results. The Presence sensor gave similar 

results as the two other sensors, even though, the results were not as clear due to the 

low-resolution.  

The Presence sensor also showed heat from the sunlight on the windows on its heat 

map. The heat map and what the sensor was looking at before the hand came in the 

FOV can be seen in figure 17 down below. 

  

Figure 17: Experiment with sunlight Presence sensor. 

  

When putting the hand in the FOV of the sensor, even the Presence sensor showed less 

heat from the window. The heat was more centered around the hand, as can be seen in 

figure 18 below. When the hand was removed, the heat map looked the same as before 

the hand was in the FOV. The heat map showed no heat prints from the hand when the 

hand left the FOV.  

 

Figure 18: Experiment with sunlight when hand is present. 

 

The second test that was done showed similar results as the other two sensors. The 

sunlight reflected on the window showed heat on the heat map. How the heat map was 

seen and what the sensor was looking at can be seen in figure 19 below. 
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Figure 19: Experiment with chair before a human sat on the chair. 

When the person entered the FOV of the sensor, the heat from the window gave less 

heat on the heat map. Instead, most of the heat was centered around the person sitting 

on the chair. A heat map and what the sensor was looking at when the person was sitting 

on the chair can be seen in figure 20 below. 

 

Figure 20: Experiment with chair when a human is sitting on the chair. 

 

Shown in figure 21 below is a heat map and what the sensor was looking at when the 

person has left the FOV of the sensor. As seen in the figure, more heat was taken up 

from the sunlight reflected on the window again. There was also a heat print that 

indicated heat on the chair where the person was sitting before. This showed that even 

the Presence sensor can take up heat left from a human. 
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Figure 21: Experiment with chair when the human just left the chair. 

4.2 Result experiment 2 

In this experiment the sensors were placed in different positions to see if they gave 

different results. It was easy to see different output of the results depending on the 

position. One of the sensors was better at one position when the others were better at a 

different position. Although a sensor gave better results in a specific position the FOV 

may have been decreased a lot. The goal was to see which sensor could give the best 

accuracy and have the biggest FOV. The Lepton sensor was underperforming compared 

to the D6T sensor in having the biggest FOV. The Lepton sensor gave an easier to read 

picture of a heat map no matter the position but the FOV was small in some positions. 

Meanwhile, the D6T sensor gave a big FOV in all the positions and had the same 

accuracy in all positions as well. When looking at the heat map created from the D6T 

in different positions some of the positions made it hard to see if it was a human in the 

heat map or not. The Presence sensor gave a decent FOV but since the sensor is using 

fewer pixels than the other sensors, the resolution is lower than the other sensors. The 

lower resolution made it harder to see if it was a human that was picked up by the sensor 

or not. 

One thing to keep in mind is that even if the person was standing 2 or 3 metres from the 

wall when placing the sensors in an angle in the ceiling and in the corner, is that the 

person is not standing 2 or 3 metres from the sensors.  Due to Pythagoras theorem the 

distance from the sensor to the person was 4,03 metres. The calculations for the distance 

can be seen in figure 22 below. The distance from the Presence sensor to the person 

was instead 3,36 metres and the calculations for the Presence sensor can be seen in 

figure 23 below. 
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Figure 22: Calculation of Pythagoras theorem D6T and the Lepton sensor. 

 

Figure 23: Calculation of Pythagoras theorem Presence sensor. 

4.2.1 Placement in different positions D6T sensor 

When the D6T sensor was placed on the wall 1,6 metres over the ground a person was 

placed 3 metres in front of the sensor. The person started at the center of the sensor 

FOV moving towards the side until the person was no longer seen in the FOV. The 

same was done in both directions left and right. This placement of the sensor gave it a 

FOV of 4,85 metres in total left to right. No vertical measurement was tested since 3 

metres was chosen from the sensor and in the direction towards the sensor it was placed 

on a wall and it is hard to walk through a wall. Figure 24 below shows the heat map 

when the person was standing to the left in the FOV. 
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Figure 24: Person standing at the edge of the FOV when the D6T sensor is placed on 

the wall. 

Another position the sensor was placed in was in the ceiling looking down. From the 

floor up to the ceiling it was measured to be 2,70 metres. In this position the sensor 

gave a FOV of 3,5 metres horizontally and 3,37 metres vertically. In this position the 

sensor was looking at objects and humans from above, so the humans appeared as a 

bigger heat blob on the heat map more than a human body. It was still possible to 

distinguish humans from objects because humans gave in most cases a bigger mass than 

an object. Figure 25 down below shows two examples of the heat map, one where the 

person was standing to the front of the FOV and one when the person was standing to 

the left of the FOV. 

 

Figure 25: Person standing at the edge of the FOV both vertically and horizontally. 

When the sensor is placed in the ceiling. 

The sensor was placed where the wall met the ceiling at an angle of 45 degrees 2.7 

metres above the ground. In this position the sensor saw the entire room vertically. The 

room size vertical was 8,82 metres. The horizontal FOV was tested and gave 5,4 metres 

left to right. For the heat map generated in this position, it was the same as the heat map 

generated when the sensor was placed on the wall. The only difference was that on the 

heat map you could see that the sensor was placed higher and in an angle. The heat map 

when a person stood to the right of the FOV can be seen in figure 26 down below. 
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Figure 26: Person standing at the edge of the FOV when sensor is placed in an angle 

of 45 degrees. 

 

During the research the sensor was also placed in the corner of a room where two walls 

and the ceiling met. The sensor was positioned 2.7 metres above the ground in an angle 

downwards of 45 degrees. This position gave the sensor a vertical view of the entire 

room diagonally from corner to corner. In this position the sensor had a width of 6,23 

metres left to right. The heat map was like the one given when the sensor was placed in 

an angle, the only difference was the width of the FOV. Figure 27 below shows what 

the heat map looked like when the person was standing to the right of the FOV when 

the sensor was placed in a corner. The results collected during this experiment on the 

D6T is presented in figure 28 below. 

 

Figure 27: Person standing at the edge of the FOV when the sensor is placed in the 

corner in an angle of 45 degrees. 
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Figure 28: Table of the collected data during the experiments with the D6T sensor 

placed in different positions. 

4.2.2 Placement in different positions Lepton sensor 

The Lepton sensor was placed in the same positions as the D6T because placing the 

sensor in the same positions with the same distances is necessary to see how the sensors 

performed under the same conditions. First the Lepton sensor was placed on the wall 

1,6 metres above the ground. A human was then placed 3m from the wall where the 

Lepton sensor was placed, in the center of the FOV. Walking towards the left and the 

right side until the human was no longer present in the FOV. This placement gave the 

Lepton sensor a FOV of 3,33 metres. Since the Lepton sensor in combination with the 

Lepton user app gives a good heat map this placement did not affect the generated heat 

map only the FOV. The heat map for the Lepton sensor when a person was standing to 

the left of the FOV can be seen in figure 29 below. 

 

Figure 29: Person standing at the edge of the FOV when the Lepton sensor is placed on 

the wall. 

When the Lepton sensor was placed in the ceiling 2,70 metres above the ground its 

FOV decreased to 1,38 metres in horizontal and 1,0 metres in vertical. As in the 

experiment with the D6T sensor in this position the vertical FOV was measured. The 

heat map was not affected except that the things spotted were seen from above, but it 

was still possible to separate humans from objects. Figure 30 down below shows two 

examples of what it looked like when the person was standing to the left and to the 

bottom of the FOV. 
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Figure 30: Person standing at the edge of the FOV when the Lepton sensor was placed 

in the ceiling. 

As the D6T sensor, the Lepton sensor was placed at a 45-degree angle between a wall 

and a ceiling as well, in the same position. This position made it possible for the Lepton 

sensor to see the whole room 8,82 metres from where it was placed in a vertical 

direction. In the testing of the horizontal FOV it gave 3,45 metres left to right, when the 

person was standing 3 metres from the wall where the sensor was placed. The generated 

heat map still gave a good result, and it was easy to distinguish people from objects as 

in the other positions. Seen in figure 31 down below is what the heat map looked like 

when a person was standing to the right of the FOV. 

 

Figure 31: Person standing at the edge of the FOV when the Lepton sensor was placed 

in an angle between the ceiling and the wall. 

In a corner position where two walls and the ceiling met 2,7 metres above the ground 

looking down at an angle of 45 degrees, the Lepton sensor was able to see the entire 

room, corner to corner diagonally. When the FOV horizontally was measured in this 

position the result for the Lepton sensor was 3,57 metres. A picture of what the heat 

map looked like when the sensor was placed in the corner and the person was standing 

to the left of the FOV can be seen in figure 32 down below. Seen in figure 33 down 

below are the results for the Lepton sensor. 
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Figure 32: Person standing at the edge of the FOV when the Lepton sensor was placed 

in the corner in an angle. 

 

Figure 33: Data collected from the experiments when the Lepton sensor was placed in 

different positions. 

4.2.3 Placement in different positions Presence sensor 

The Presence sensor was placed in the same positions as the D6T sensor and the Lepton 

sensor. Only difference was that during these experiments the person was placed only 

2 metres from the wall where the sensor was placed because the values from the 

Presence sensor were too hard to read further away than 2 metres. The experiments 

were done the same except for the change to 2 metres from 3 metres. The generated 

heat map was the same for all the positions during the experiments except when the 

sensor was placed in the ceiling. The sensor was first placed on the wall 1,6 metres 

above the ground. This gave the Presence sensor a FOV width of 3,8 metres. See figure 

34 below to get an understanding of how the heat map looked when a person stood at 

the edge of the FOV. 

 

Figure 34: Person standing at the edge of the FOV when placing the Presence sensor 

on the wall. 
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After the sensor was placed on the wall it was placed in the ceiling 2,7 metres above 

the ground looking down. The heat map generated from this position was as expected 

when something is seen from above. That is, a human looking more or less like a blob 

when it is being seen from above. In this position the FOV was measured both vertical 

and horizontal since it was possible to move in all directions. The FOV was 2,85 metres 

left to right and 2,45 metres back and forth. See the 2 figures below to get a better 

understanding of how the heat map looked. Figure 35 shows a person at the edge of the 

FOV left to right and the figure 36 shows a person at the edge of the FOV vertically. 

 

Figure 35: Person standing at the edge of the FOV when placing the Presence sensor 

in the ceiling (horizontally). 

 

Figure 36: Person standing at the edge of the FOV when placing the Presence sensor 

in the ceiling (vertically). 

As the third position the sensor was placed in an angle of 45 degrees where the ceiling 

met the wall 2,7 metres above the ground. In this position the sensor had a horizontal 

FOV of 3,5 metres left to right. See figure 37 below to see how the heat map looked 

when a person stood at the edge of the FOV. 

 

Figure 37: Person standing at the edge of the FOV when placing the Presence sensor 

in an angle. 
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For the final position the sensor was placed in a corner where two walls met the ceiling 

2,7 metres above the ground at an angle of 45 degrees downwards. In the corner position 

the sensor's horizontal FOV was measured and gave a horizontal FOV of 3,4 metres. 

To get a better understanding of how the heat map looked when a person stood at the 

edge of the FOV see figure 38 below. The results for the Presence sensor can be seen 

in figure 39 down below. 

 

Figure 38: Person standing at the edge of the FOV when placing the Presence sensor 

in a corner in an angle. 

 

Figure 39: Data collected from the experiments when the Presence sensor was placed 

in different positions. 

4.3 Result experiment 3 

The results of the third experiment showed that the closer to the sensor the two persons 

stood, the closer to each other they can stand before being seen as one person. When 

the two persons were standing only 2 metres from the sensor, they could stand close to 

each other before no clear space was seen between them. The furthest distance made in 

this experiment was when the two persons were standing 5 metres. For this distance, 

the two people were standing further away from each other, but still were seen as one 

person to the three sensors. The results from the three sensors differed from each other, 

where the Lepton sensor could see clear space between the two persons when they were 

standing closer to each other, compared to the D6T sensor and the Presence sensor. The 

distance between the persons were measured exactly when the two persons were seen 

as one to the three sensors. 

4.3.1 Distinguish people D6T sensor 

The D6T sensor could not see the two persons as clearly as the Lepton sensor could, 

and therefore showing the two persons as one earlier than the Lepton sensor did. When 
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the two persons were standing 2 metres away from the sensor, they began to merge 

when they came 11,6cm from each other. When increasing the distance between the 

two persons and the sensor, the two persons started to merge earlier even though the 

distance between them were bigger. When standing 3 metres from the sensor, the two 

persons started to merge when they came 19,8cm from each other. 4 metres away from 

the sensor, the two persons began to fuse when they were 23,8cm from each other. The 

two persons were standing 26,2cm from each other when they first started to fuse to the 

sensor, when they were 5 metres away from the sensor. Seen in figure 40 down below 

is first when there is clear space between the two people, and then when they have 

merged. The results for separating two persons bodies are presented in figure 41 down 

below. 

 

Figure 40: Experiment distinguish people using the D6T sensor. The left heat map 

shows when there is distance between the two bodies and the right one shows when the 

bodies start to merge. 

 

Figure 41: Data collected from the experiment of distinguish two persons when using 

the D6T sensor. The distance between shoulder and shoulder were measured. 

As mentioned, the D6T sensor could still see that it was two persons even if there was 

no visual space between them. This was since there were still two heads visible for the 

sensor. When the two persons were standing 2 metres from the sensor, there was no 

visible space between the heads when the person's heads came 22,3cm from each other. 
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For the distances of 3 and 4 metres from the sensors, the space between the heads 

disappeared when the heads came 28,7cm and 31,9cm, respectively. The last distance, 

when the two persons were standing 5 metres from the sensor, gave the distance of 

34,4cm before the space between the heads disappeared. Seen in figure 42 down below 

is the heat map when the two people had merged and there was no possibility to see 

their two heads anymore. The results for this test on the D6T sensor can be seen in 

figure 43 below. 

 

Figure 42: Experiment distinguish people using the D6T sensor. When bodies have fully 

merged. 

 

Figure 43: Data collected from the experiment of distinguish two persons when using 

the D6T sensor. The distance between the two bodies heads were measured. 

4.3.2 Distinguish people Lepton sensor 

The Lepton sensor could, due to its better resolution see the two persons even if they 

were standing close to each other. When standing 2 metres from the sensor, the two 

persons could go 4cm close to each other before their shoulders started to merge. Even 

with the Lepton sensor, the distance between the two persons increased when they were 

moving further away from the sensor. Standing 3 metres away from the sensor the two 

persons started to merge when they came 4,9cm from each other. Increasing the 

distance to 4 and 5 metres, the people started to merge when they came 5,5cm 

respectively 6,7cm away from each other. A picture of when the two people were 
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standing with clear space, but also when they had merged, can be seen in figure 44 

below. Seen in figure 45 below are the results for the Lepton sensor. 

 

Figure 44: Experiment distinguish people when using the Lepton sensor. To the left 

distance between the two bodies are seen. To the right the distance between the bodies 

is gone. 

 

Figure 45: Collected data from the Lepton sensor when distinguishing two people from 

each other. Measurements were done shoulder to shoulder. 

4.3.3 Distinguish people Presence sensor 

During this experiment, the Presence sensor was tested exactly the same as the other 

two sensors. It was still possible to get decent values at the distances even though it was 

distances further away than 2 metres. At the distance of 2 metres from the sensor the 

two persons could stand 24cm from each other before no clear distance was seen 

between them. At 3 metres the two persons could stand 54cm from each other before 

there was no clear distance between them in the heat map. At the distance of 4 metres 

the distance between the two persons increased to 70cm. At the last distance of 5 metres 

the distance increased to 78cm. See figure 46 below to see how the heat map looked. 

The collected data for separating two persons with the Presence sensor can be seen in 

figure 47 below. 
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Figure 46: Experiment distinguish people when using the Presence sensor. To the left 

distance between the two bodies are seen. To the right the distance between the bodies 

is gone and the bodies have merged. 

 

Figure 47: Collected data from the Presence sensor when distinguishing two people 

from each other. Measurements was done shoulder to shoulder. 
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5 Discussion 

5.1 Result discussion  

The results found during the experiments when answering the research question:  

“How much are the results affected by noise factors such as heat prints that could come 

from people or objects exposed to sunlight?” 

show that the sensors are affected by sunlight. The results show that if sunlight is 

present in the FOV no matter if the D6T, Lepton or the Prescence sensors was used, the 

performance was affected. The generated heat map from the D6T and the Presence 

sensor displayed the sunlight as an object that generated heat. This made it hard to see 

when a hand was present in the FOV or not. It mostly looked like the sunlight moved 

to where the hand was placed in the FOV. This made the hand appear bigger than what 

it was. The Lepton sensor handled the sunlight better than the other sensors. This could 

be due to its higher resolution or the use of another software. Although the results from 

the Lepton sensor were still affected by the sunlight, it was harder to see things in the 

heat map where the sunlight was present. 

During the experiments it was noticed that heat prints remained in the chairs after a 

person left the seat of a chair. That chair was an ordinary desktop chair with a soft 

material seat. This led to the decision to investigate if it could depend on the material 

of the chair or not. The paper mentioned by Sirmacek & Riveiro (2020) talks about how 

different seat materials can absorb more or less heat. That was why a chair with a wood 

seat was chosen to see if it generated heat after a person left the seat. Because as 

mentioned, an ordinary desktop chair generated heat in the heat map. The results 

showed that heat was generated even on a chair with wood as material. The heat from 

the chair was picked up by all the sensors and seen in their heat map. The only 

difference between the results was that it was easier to see when the person left the seat 

of the chair when the Lepton sensor was used compared to the Presence sensor and the 

D6T sensor. 

To answer the second research question: 

“What are the advantages or disadvantages in placing the sensor in the ceiling or on 

the wall or at a position with a specific angle?” 

the results from the second experiment were used. The results of the second experiment 

showed that the D6T sensor has the best field of view from one side to the other side. 

But the Lepton sensor has a further range than both the other sensors. So even if the 

D6T sensor has a wider field, the Lepton sensor has a longer range. When comparing 

the Lepton sensor and the D6T, no matter which sensor one chooses, one is going to 

need to place out just as many sensors in both cases. For the D6T sensor one is going 

to need to place more D6T sensors to complement its shorter range. For the lepton 

sensor one is going to need to place out more Lepton sensors to complement its 
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narrower range. Since the Presence sensor only has a range of 2 metres, one needs to 

place a lot more sensors to cover the whole room. Seen from the results of this 

experiment is that the D6T and Lepton sensor, placed in the corner of a room between 

the ceiling and two walls covers the most sight of a room. This was not the case for the 

Presence sensor since it is limited to 2 metres and as mentioned because of the 

Pythagoras theorem the distance became more than 2 metres. It still worked fine and 

gave results that were reasonable. It was also seen that when the distance were 2 metres 

as it was when the Presence sensor was placed on the wall its FOV was bigger. 

The main disadvantage that was seen from the results was that when placing the sensor 

in the ceiling its FOV was decreased. It did not matter which sensor that was tested, all 

sensor’s FOV was reduced when they were placed in the ceiling. It could depend on 

when a person was seen from above, fewer pixels in the heat map are occupied therefore 

fewer pixels in the sensor’s FOV are occupied as well. This might make it harder for 

the sensor to find a heat source that is different from the room temperature. 

The results of the third experiment were used to answer the third research question: 

“How close can people stand to each other before they are seen as one individual?” 

The experiment was done to distinguish people and gave different results for the 

different sensors. The Lepton sensor was better than the two other sensors at 

distinguishing people, no matter the distance from the sensor, the Lepton sensor still 

gave the best results. As mentioned, the Presence sensor only has a range for two 

metres, and this was the shortest distance that was tested for this experiment. Therefore, 

the other distances for the Presence sensor may not be trusted. The D6T sensor and the 

Lepton sensor both have a longer range than the Presence sensor and could therefore 

give more accurate results for all the distances, since the heat from the two persons 

could be seen even when they were standing 5 metres away from the sensors. The use 

of different software for the different sensors could be a reason that they gave different 

results from each other. Anyway, after doing this research, there is more likely that the 

Lepton sensor is better at distinguishing people because it can see people clearer from 

the beginning. 

5.2 Method discussion 

The method of an experimental study was a good choice for this research because 

collecting data and comparing the different data from the sensors gave a good overview 

already from the beginning of the research. Comparing all three sensors in this research 

gave a good perception of which sensors to use. By doing these three experiments and 

not only looking at the different heat maps gave the experiments better conclusions. 

All the methods are explained as thoroughly as possible to make sure that anyone can 

recreate any of the three experiments in this research. No matter if one wants to use the 

same sensors as in this research, they can still use the methods. The methods that were 

chosen for this experiment are chosen because they are not too complicated to do and 
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therefore easy for someone to recreate. Even if they are easy to recreate, they still give 

a good perception of how good of use a sensor can be for different cases. 

The experiments in this study are as mentioned, partly chosen to be easy to recreate. 

Still, the experiments gave clear results and a great opportunity to answer all the study’s 

research questions. The analysis of the results shows that the sensors could be used in 

public places to detect humans and help with the restrictions against Covid-19. In the 

experiment of distinguishing people from each other in all the heat maps it is clear when 

people are standing too close or when they are keeping their distance. 

All the first results for all the three sensors when distinguishing people were lower than 

the other that were performed on other days. This could be because the authors did not 

wait enough time for the sensors to calibrate. That is something that could have been 

done differently but that is also something that was kept in mind during all the other 

tests and experiments.  

The place chosen for the experiments might not have been the best place for the 

experiments. Because people often came into the room during the experiments, the days 

the experiments were carried out on had to be changed to the weekends instead. This 

resulted in that the experiments elapsed over a longer time than expected. If this were 

known before, another place would have been chosen to minimize the risk of 

interruption during experiments. 

5.3 Sensor discussion 

The D6T sensor has the widest FOV and has a long range as well, but not as long as the 

Lepton sensor. Since the D6T sensor is plotted in a 32x32 heat map, it is easy to see 

that the heat on the heat map is coming from a human.  

The Lepton sensor, as mentioned, has a long range, and could spot humans at a further 

distance. Therefore, this sensor could be a good choice when there is a need of seeing 

people at a further distance. However, the lepton sensor does have a narrower FOV 

when being compared to, for example, the D6T sensor.  

The Presence sensor has the worst range when comparing all the three sensors in this 

research. The 2-metre range can make it hard to cover a whole room, and it would be 

needed to use many Presence sensors to cover larger areas. Still, the sensor is accurate 

at closer distances but only plotted in an 8x8 heat map. Since the heat map is smaller 

than the other sensors’ heat maps, it is more difficult to see that the heat from the heat 

map is coming from a human. 

5.4 Findings during experiments 

During the first experiment with sunlight when a person sat in a chair close to the 

window where the sun was present the sun appeared on the heat map more clearly than 

when a person sat in the chair. This could be because more pixels were occupied, and 

it was therefore easier for the sensor to focus on the person in the chair compared to 

when only a hand was present.  
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6 Conclusions and further research 

6.1 Practical implications 

This research focused on places like stores. The sensors can be used in stores right 

away, but depending on what the store looks like, different sensors should be used.  

Even if this research focused on stores, the sensor can be used in other places where 

there are a lot of people. This research though, only evaluated the three different 

sensors. However, it could be useful to develop a system for the sensors that are going 

to be used. As of now, the sensor does not do anything when people are standing too 

close to each other. It would perhaps be better to have a system with the sensors, that 

guide the people in the right direction, using lights.  

6.2 Scientific implication 

This research shows that the D6T, Lepton and Presence sensor could be used when 

human detection wants to be achieved. It also shows that low-cost and low-resolution 

sensors can be used rather than the more expensive high-resolution sensors. Seen in the 

results from the experiments the D6T and the Lepton sensor performs better than the 

Presence sensor. This could be because the method of the experiments is perhaps better 

designed for the D6T and the Lepton sensor. 

Seeing how the sensors perform in different scenarios can help with, for example noise 

compensation or creation of an algorithm for detecting humans. Looking at the results 

of this research can give an idea of what to think about when developing a system that 

involves some of the sensors used in this research. 

6.3 Sensor conclusions 

The D6T sensor and the Lepton sensor is a better choice for human detection in public 

places where the distances from heat source to sensor can vary. Although at a closer 

distance the Presence sensor could be a good choice for example to see if someone is 

present at a desk or not. 

6.4 Further research 

This study gives a good overview of the three sensors and which sensors to use. A 

further research for this could still be to develop a system that could guide people with, 

for example, lights. The methods used in the three experiments in this study can also be 

used for evaluating other heat sensors, since the methods are easy to recreate. 

In this research the sensors were tested to see if they all picked up heat from a chair 

after a person left the chair. As future research one could investigate if the temperature 

values left in the chair is the same as when a person is sitting in the chair. 
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Further research could be to develop an algorithm that filters out background 

temperatures that are not coming from humans. That would help one with being sure 

that it is a human showing on the heat map and not heat from other things in the 

background. If the heat map is the only thing visible for the person looking at it, it could 

be a problem to see whether it is a human being or not. 

The two suggested algorithms were never needed and there was not enough time to test 

them. Gathering answers to the research questions got prioritized more than testing 

potential algorithms that were not needed to answer the research question in this study. 

That is why the testing of the algorithms is left to future research. 
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8 Appendixes 

Appendix 1 Our Gantt chart during the research. 

 


