
 

 

 

 

 

 

 

 

 

 

TREBALL FINAL DE GRAU 
 

 

 

 

 

 

 

 

 

TÍTOL DEL TFG: Testing and implementation of Intel RealSense 3D sensor 

TITULACIÓ: Grau en Enginyeria de Sistemes de Telecomunicació 

AUTOR: Lluc Bultó Puig 

DIRECTOR: Josep Manuel Yúfera Gómez and Alejandro Murillo 

DATA: 8 de febrer del 2017 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Títol: Testing and implementation of Intel RealSense 3D sensor 

Autor: Lluc Bultó Puig 

Director: Josep Manuel Yúfera Gómez and Alejandro Murillo 

Data: 8 de febrer del 2017 

 

 

Resum 

 

El món de la tecnologia està evolucionant i canviant cada segon. La seva 
finalitat però, ha sigut sempre facilitar la vida de l’esser humà (excepte algunes 
excepcions). Actualment s’està donant molta èmfasi en un terme anomenat 
Internet of Things (IoT), que no es altre cosa que digitalitzar el món en que 
vivim. En altres paraules, convertir tot allò tangible per l’ésser humà a 
seqüencies de bits.  

Aquest concepte esta derivant a moltes vessants tant científiques com 
comercials. Aquest boom és degut a que es pot extreure molta informació de 
diferents camps i, com ja es sabut, la informació és poder.  

Imotion Retail es una empresa que està focalitzada en la besant comercial i es 
dedica a donar suport als comerços per a extreure les dades dels clients que 
hi entren. El hardware que utilitzen per extreure dades es una càmera Kinect 
de Microsoft que s’encarrega de monitoritzar tots els clients que entren a la 
botiga o al recinte. Però com en tots els components tecnològics, la càmera té 
unes limitacions que condicionen el producte final.  

Intel ha tret recentment una tecnològica de càmeres 3D (com la Kinect) 
anomenada Realsense. Les especificacions d’aquest producte donades per 
l’empresa són molt favorables i en alguns aspectes millor que la Kinect. Per tal 
de comprovar que aquestes especificacions es complien, s’ha realitzat un 
conjunt de tests per analitzar el rendiment i comportament de la tecnologia en 
cada una de les funcionalitats que ofereix. En el projecte, es fa un esment dels 
resultats obtinguts en cada prova i sobretot es focalitza en la funcionalitat de 
detecció i seguiment de cossos ja que es el que utilitza Imotion Retail. 

Precisament en aquest mòdul, s’ha desenvolupat un software per a la òptima 
monitorització de clients aplicant uns filtres i uns algoritmes per tal d’evitar 
possibles casos que indueixin a dades errònies.  

Finalment, la tecnologia de RealSense amb el software desenvolupat s’ha 
implementat en diferents entorns reals per comprovar si es adequat per aquest 
tipus d’aplicacions.  
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Overview 

 

The technology’s world is evolving and changing each second. However, its 
objective has always been to facilitate human’s life (with some exceptions). 
Nowadays, much emphasis is now being placed in the topic called Internet of 
Things (IoT), which is nothing but digitalizing our world. In other words, convert 
every tangible thing for humans to bits sequences.  

This concept is now deriving to both scientific and commercial fields. This 
boom is because it is possible to extract a huge amount of information from 
many different fields, and as it is known, information is power.  

Imotion Retail is a company which is focused in commercial field and they give 
support to other companies to extract data of their clients. The hardware used 
to extract that data it the Kinect sensor of Microsoft which is responsible of 
monitoring all the customers inside. However, as in all technological 
components, the sensor has limitation that affects to the final product.  

Intel has recently launched a technology of 3D cameras (as Kinect) called 
Realsense. The specifications of this product given by the company are very 
favourable and in some terms, better than Kinect. In order to check these 
specifications, a set of test has been done to analyse the performance and 
behaviour of this technology in each feature. This project contains the results of 
each test, but it is specially focused in the functionality of body detection and 
tracking because this is used by Imotion Retail in the Kinect’s technology.   

Precisely in this module, a new software has been developed to optimize the 
customers monitoring applying filters and algorithms that avoid possible cases 
which induce to false data.  

Finally, the RealSense technology with the developed software has been 
implemented in different real environments to check out if it is suitable for this 
type of applications.  
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INTRODUCTION 

 

The life of classical shops is running out. The time when customers went to the 
shop is over. Now, the shops must go to the customers. 

I am not talking about online shops, I am talking about business intelligence. The 
companies must focus its products and marketing in their customers in order to 
catch them. Therefore, their selling strategy must correspond to their clients’ 
needs if they want to stay alive. But, how do they know which is the need of their 
clients and how do they behave? The solution is to analyze them. 

Imotion Retail, the Start-up company behind this project, offers a non-invasive 
services to monitor and analyze the customers of a specific selling point using 3D 
camera sensors. The data collected by this system, is processed and reported to 
the corresponding company through graphs and tables. Then, that company can 
recognize its clients’ behavior and apply the required changes in the strategy to 
improve its efficiency and gains. In summary, Imotion provide data for business 
intelligence.  

Imotion, as all the companies, must invest time and money in research and 
development to improve its services. Two years ago, Intel launched a new 3D 
sensing technology called Realsense whose specifications given by the provider 
could improve the Imotion service in some ways and reduce costs. However, this 
new technology must be investigated to ensure if it is suitable or not to offer the 
same service. 

 

Objective of this project 

The aim of this project is to go through all available features of the sensor to 
evaluate its performance and see the potential capabilities for its implementation 
in real situations.  

After the testing period, the project focuses in some sensor’s features. These 
features are used to develop a software for a small prototype for real 
implementations. Moreover, this software prototype must include some of the 
service given by the actual Imotion system. Therefore, the results obtained from 
the software implementation in real cases will determine the sensor’s capabilities 
in the current Imotion system.  

Summarizing, the whole set of tests, development and implementation is going to 
say if the hardware solution given by Intel fits for further Imotion systems.  
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Structure of the project 

The project is divided in 7 parts. They are consecutive so each part needs it 
previous parts to be understood 

-Imotion Retail: Describes the company in more details including its business 
process, also what kind of technical limitations do they have and possible 
solutions given by RealSense.  

-Intel RealSense R200 sensor: Explains the hardware solution, its 
specifications and its modules. 

-RealSense R200 modules tests: Contains the information and results of all 
tests done for each module of this hardware.  

-Tracking software development: A few description of the code and algorithms 
used to create a prototype that offers some services of the actual Imotion 
systems. It uses some modules of the previous part.    

-Implementation: The final test in real scenarios using the previous software. 
These results should determine if the hardware performance fits with the actual 
Imotion services.  

-Conclusions: Contains the final arguments to use this technology or not. It 
summarizes the previous parts and tells possible errors in the project. 

-Next steps: A list indicating the potential functionalities and possible steps 
related with the software and the RealSense technology.   

 

Personal motivations 

Personally, I am really interested in IoT (Internet of Things) field. The idea of 
capturing the world through millions of sensor to extract information to improve 
human life is very exciting. Moreover, there are thousands of ideas and 
opportunities in this field where small companies with no capital can make great 
things and grow quickly.  

When I contacted with Imotion to understand the project, I was totally caught. It 
mixed the four issues that I was looking for: 

- The project was for a Start-up. I wanted to know how a small new company 
works and how they face the different fields (Technical, commercial, marketing, 
etc.). 

-It was also related with IoT. It has a sensor development part for a specific data 
extraction. Later on, this data is used to improve the business efficiency.   

-Developing part. I wanted a programming project to improve my developer skills.  

-Software + Hardware. At the university, all the programming subjects were 
focused only in software developing, without hardware. Therefore, I was really 
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interested in having the experience in developing a software application for a 
specific hardware to see how they interact.  

Finally, the most important aspect of this project for me was that I found it useful 
and with possible further applications.  
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CHAPTER 1: IMOTION RETAIL 

 

1.1. Overview 

Imotion Retail is a Start-up created in 2014 and located at the RDIT building in 
the UPC Campus in Castelldefels. The company works in the information 
technology sector giving business intelligence technical support to big 
companies. It is focused on extracting data from the clients of a company’s 
selling point to see what is happening there and retrieve this information to the 
corresponding company.  

 

Fig. 1 Imotion Retail Logo 

The clients of Imotion are companies that are interested in analyzing their 
customers’ affluence and getting data of them in order to improve the efficiency 
and profitability, and also to see which kind of customers they have and what 
they do inside the store. 

Imotion is able to extract the following data:  

- Customers’ affluence in each part of the day. 
- The exact number of customer entries and exits 
- Estimated clients age 
- Gender of the clients 
- Traffic outside the store 
- Time each customer spent in the cash area 
- Time in which the customer is looking at the seller 

 

These data are collected by Imotion and they create graphs and tables to 
summarize the results. These graphics are given to the corresponding company 
so they can graphically see what is going on in their selling point.  

 

There are other competitors that offers the same services with smaller price. 
However, Imotion differs in two aspects: the accuracy of the results and a no-
intrusive system. While many competitors work with an accuracy over 70%, 
Imotion ensures a minim accuracy of 90% so the results are much more 
truthfulness. Moreover, the sensors used (3D cameras) are not intrusive so the 
client doesn’t realize that he is being analyzed. In conclusion, Imotion Retail 
offers a better service quality than the competitors.  
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1.2. Business Process 

 

The business process of a Start-up shouldn’t be complicated in order to get 
clients and incomes quickly. It should also include a strategy to attract customers 
and engage them to the offered services. 

Imotion Retail includes a free trial process where it offers the service during two 
months to the interested companies (including the technical installation) and 
show the results for free. After two months, if the company is still interested with 
these services, it must pay a service contract (See Fig.2). This strategy creates a 
necessity for companies of having these services and, in most of the cases, the 
company want to keep them after two months. Other famous companies like 
Spotify or Netflix use the same strategy to attract new clients.  

 

 

Fig. 2 Imotion Retail business process 

 

 

1.3. Kinect limitations 

 

The sensor used to capture and extract data of the people in a specific place is 
the Kinect developed by Microsoft. Imotion installs these 3D cameras in all 
systems assembled since the Start-up was created.  

This camera has one RGB camera for color images, one IR emitter and one IR 
sensor for depth data. The color camera captures 1080p videos in a 30 FPS rate, 
while the depth camera works with a resolution of 512x424 and also 30 FPS.  

 

Fig. 3 Kinect camera 
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The main problem of this camera is that it requires the whole processor of the 
connected computer. Therefore, each camera needs an exclusive computer to 
work. 

For Imotion Retail this is a big trouble, because they install at least 3 sensors in 
one shop, so it means that they need at least 3 computers. It makes the 
installation much more expensive because the computers are the most 
expensive elements of the system.   

On the other hand, Kinect has other limitations or issues like: 

- It gets very hot while it is running. 
- It runs only with Microsoft API. 
- The size of the camera is a bit big.  
- It can track only 7 bodies simultaneously.  

 

1.4. Intel RealSense opportunity 
 

In 2015, Intel launches a new technology related with 3D sensors called 
RealSense. This platform provide libraries to configure the 3D cameras and allow 
the developers to develop application with them. There are two different 
cameras: SR300 for short distances and R200 for longer distances. While SR300 
can detect the people gestures and other details in a short range (up to 1.5 
meters), R200 camera can track people and recognize objects in longer 
distances (up to 5 meters).  

When the platform and the hardware were launched, the specifications given by 
Intel were really good. For this reason, companies that works with 3D cameras 
like Imotion Retail were interested in investigate if the camera performance and 
its features are the same as described by the manufacturer.  

Focusing in Imotion issue, the RealSense R200 specs solves problems given by 
Kinect and also improves some aspects. These are the most relevant points: 

- Less process memory required. Possibility of connecting multiple cameras 
in the same computer.  

- Smaller size. 
- Open source platform.  
- Longer working distances.  
- More resolutions available.  

 

 

Fig. 4 Intel RealSense R200 Sensor  
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CHAPTER 2: INTEL REALSENSE R200 SENSOR 

 

2.1. Overview 

Intel is currently pushing in the 3D camera sector with its available sensors: R200 
and SR300. This project only tests and implements R200 sensor because its 
specifications fits better with Imotion capturing systems.  

R200 is a rear 3D camera developed by Intel, which has created a platform 
called Realsense that contains all the libraries required. These libraries are 
available in the SDK RealSense kit and enables third-parties software developers 
to program the camera and create applications using the Intel Sensors.  

The platform’s first version was launched in the summer of 2015 also with the 
sensors. There was a big bang then, because a powerful company as Intel enter 
in the 3D camera sector and the specifications given were better than the other 
competitor’s products as Kinect of Microsoft. Furthermore, the company 
guarantees a huge investment to improve their products and launch new 
software updates constantly in order to add new features and also to enhance 
them.  

Now, in 2017, the company is still launching new updates and new hardware (as 
SR300 sensor, which is an evolution of a previous sensor version called F200). 
On the other hand, Intel is implementing R200 sensor in some of their products 
as tablets or laptops to offer the customer the possibility of scanning in 3D.  

 

2.2. Design 

 

The sensor contains 4 elements: 

- 1 RGB camera to capture color images 
- 2 IR cameras to capture infrared images 
- 1 IR laser projector  

 

The depth data are captured by combining both 2 IR cameras and the IR laser 
projector. With this depth data, the platform is able to create depth images from 
all camera Field Of View (FOV).  

The sensor looks slick and very compact. Its size is 130x20x7mm, making it one 
of the most compact and small 3D sensors of the market (See Fig.5).  

It has a USB3 connector in the right side, where the cable is plugged in to feed 
and get the data of the sensor. There is also a magnet on the backside, 
which makes it possible to clip the sensor to metallic objects.  
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Fig. 5 Camera design and image samples. Ref. [8] 

 

 

2.3. Specifications  

 

The list below contains the main specifications extracted from the RealSense 
official webpage: 

- RGB images of 32 bits, 4:3 or 16:9 aspect and resolution up to Full HD 
(1080p). 
 

- Depth images with fixed 4:3 aspect and resolution up to 480x360.  
 

- Field of view (D x V x H): Color images 77º x 43º x 70º(cone) and depth 
images 70º x 46º x 59º(cone) 
 

- IR laser of 850 nm 
 

- Body detection range: Inside 0.5-5.5 meters, outside up to 10 meters. 
Note: Range is very dependent upon the module and the lighting. 
 

- Depth range: Inside and outside up to 4.5 meters.  
 

- USB 3.0 for device power supply and data traffic.  
 

- Power consumption from 0 to 100mw (idle) to 1.0-1.6 watt when active  
 

- Available programming languages: C++, C#, Java, JavaScript and Unity  
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The following table shows the potential combination of resolutions and FPS with 
the corresponding MB Bandwidth per second. 

  

Table 1: Resolution and FPS combination. Ref. [4] 

 

 

 

2.4. Modules 

 

The R200 sensor works with various Realsense modules. All these available 
modules have been tested in the next chapter. Here below, there is a brief 
description of each one.  

-Depth image enhance. This is a small module capable of enhancing depth 
images captured by the camera. 

-Blob tracking. It tracks the blobs and the contour of any object in front of the 
sensor. 

-Face detection. It detects near faces inside the FOV of the camera. 

-Face recognition. It can detect faces (as the previous module) and save it in an 
internal database. These saved faces are compared then with new detected 
faces.  

-Object recognition. The Realsense SDK has a list of object whose shapes can 
be recognized by the sensor. When one of these objects is in the sensor’s FOV, 
the module retrieves the name of the corresponding object.   

-Person tracking. Bodies in the sensor’s FOV are detected and tracked. This 
module can also retrieve the bodies’ distance and its position on the x and y axis.  
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CHAPTER 3: REALSENSE R200 MODULES TESTS 

 

3.1. Test 1: Color stream and image analysis 

 

3.1.1. Introduction 

 

The aim of this test is to check the performance of saving a picture from the 
camera color stream in each available resolution and also to compare their 
quality.  

The software implemented for this test is able to capture color streams with a 
specific resolution and FPS rate. Moreover there is a button to do a snapshot and 
save it as a local file in order to compare the quality of the frames.  

 

 

3.1.2. Results 

 

3.1.2.1. Saving process performance 

This test shows the performance results of saving an image depending on its 
resolution and format. The following tables contains the results of this test 

 

Table 2: Time to save a picture (in milliseconds)  

FORMAT 
RESOLUTION 

320x240 640x480 1280x720 1920x1080 

PNG 12 40 135 286 

JPG 11 46 134 293 

BMP 12 40 134 290 

TIF 11 41 142 294 

GIF 11 49 145 302 
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Table 3: Size of an image (in Kbytes) 

FORMAT 
RESOLUTION 

320x240 640x480 1280x720 1920x1080 

PNG 201 730 2.388 5.097 

JPEG 201 730 2.388 5.118 

BMP 201 730 2.388 5.141 

TIF 201 730 2.388 5.181 

GIF 201 730 2.388 5.199 

 

 

3.1.2.2. Resolution quality comparison 

A photo is taken using all available resolutions. Then a zoom in the same region 
of the picture is done in order to see the difference more clearly. (See Fig.6, 7, 8, 
9).   

 

   

Fig. 6 Resolution 360x240          Fig. 7 Resolution 640x480 

 

   

        Fig. 8 Resolution 1280x720         Fig. 9 Resolution 1920x1080 
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3.1.3. Limitations 

 

-The video streaming of RealSense R200 camera has a maximum resolution of 
1920x1080 (Full HD) working on 30 frames per second. It is also possible to work 
on 60 FPS rate but only in 640x480 resolution or lower.  

-Full HD resolution needs a powerful processor to keep the 30 FPS rate. If the 
processor is not powerful enough, the FPS rate would decreases 

 

 

3.1.4. Conclusion 

 

-Almost all images format tested (JPG, PNG, TIF and BMP) are very similar in 
terms of size, quality and performance. All of them can be used for commercial 
uses and the obtained results must be more or less the same. 

- The R200 camera has many color resolutions. It is recommended to use always 

the highest resolution possible because the image quality is very important in 

some RealSense features like face recognition. 

 

 

3.2. Test 2: Depth stream and image analysis 

 

3.2.1. Introduction 

 

The RealSense R200 is a 3D camera, so it means that there are IR cameras 
which can get the depth data of the FOV (e.g. distance between two points).  

This part will test the performance of the depth streams, the enhanced depth 
feature and the Depth Quality property from the RealSense SDK.  

 

3.2.2. Results 

 

3.2.2.1. Depth Quality 

The Depth Quality property is a value given by the RealSense SDK that indicates 
if the IR images captured by the camera has good accuracy and precision. The 
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Depth Quality can have three status: Good, Fair and Bad. The quality value 
depends on the distance of the objects ahead, the light, the color, etc. On the 
other hand, if an object is under 60cm from the camera, the depth quality is 
always bad.  

 

3.2.2.2. Depth streams performance 

The IR technology is very sensitive with the colors. Depending on which colors 
are in front of the camera, the depth quality may vary. The following table shows 
the maximum distance of an object to keep the good depth quality in each 
background color segment: 

 

Table 4: Depth range for each color segment 

Background 
color 

Color 
Sample 

Max. distance 
GOOD quality 

Background 
color 

Color 
Sample 

Max. distance 
GOOD quality 

White and 
derivatives 

 
4.50m Dark colors 

 

3.40-3.70m 

Light colors 

 

4.20-4.40m Grey colors 
 

2.30-2.80m 

Average colors 

 

4.00m Black 
 

0.00m 

 

The results shows that the performance is much worse with dark colors. In fact, 
the depth camera don’t work with black colors because it doesn’t reflect the IR 
rays. 

 

3.2.2.3. Enhanced depth 

It is an internal algorithm in the SDK that improves the depth image quality. It 
behaves as an image filter which enhances the photo to display the image more 
clearly. (See Fig.10, 11). 
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Fig. 10 Raw depth image     Fig. 11 Depth image after 
enhanced depth filter 

 

3.2.2.4.  Save depth images 

Realsense has an internal method called “SaveXDM” which saves the image 
attaching its corresponding depth metadata. The method stores both color and 
depth images in a single JPG file. When this file is opened from an external 
program, the user will see only the color image.  

However, Realsense implements another method called “LoadXDM” which loads 
the image including the attached depth data, so then the use can see both color 
and depth image. Moreover, this image keeps working with depth features such 
as distance between two points or enhanced depth.  

 

 

3.2.3. Limitations 

 

-The depth enhance feature can be implemented only on a single image. The 
time required to apply the filter is too large to get live enhanced depth images.  

-The XDM method is implemented only by Realsense so the SDK is always 
required to see the depth data from a saved depth image. 

 

 

3.2.4. Conclusion 

 

-In order to have accurate results, it is important to have a good depth quality. 
When another modules as person tracking uses the depth cameras, a good 
depth quality ensure correct distances values.  
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-The background color is very important to determine the properly working range. 
It is important to avoid dark colors in order to increase the maximum distance to 
get good depth quality.  

-Both enhanced depth and SaveXDM algorithms adds features to the depth 
module but actually they are not very useful for a commercial implementation.   

 

 

 

 

 

3.3. Test 3: Blob tracking and image segmentation 

 

3.3.1. Introduction 

 

Blob tracking is a module of Realsense capable of detecting bodies and forms in 
front of the camera and retrieve their shape. This module segments the image in 
two parts: The detected forms shape printed in white color and all the rest in 
black. 

This test checks the performance of this module and the possibility of saving 
each printed shape separately.  

 

 

3.3.2. Results 

 

3.3.2.1. Performance 

The performance of the module depends on the number of detected blobs. The 
following table shows the results of FPS, size of the whole image and the 
process memory required for each number of detected blobs. 

 

Table 5: Blob tracking performance 

Number of 
blobs 

FPS 
Size of the saved image 
(the sum of all images) 

Process 
memory 

1 27-30 4kB 94-98 MB 
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3.3.2.2. Working distances 

The working range in the blob module is very small. The maximum distance to 
detect a blob is 2.80m and the minimum is about 68cm. outside, in this distance 
the blobs are not detected.  

On the other hand, the color doesn’t change the working range. However, it 
affects on the blob smoothing. As more light is the color of the object, more clear 
and smoothed is the corresponding blob.  

 

3.3.2.3. Save segmented images 

As it is said before, the same image might have more than one blob. Each blob is 
detected and treated separately so it is possible to save each one as an 
individual PNG picture. The following Fig.12, 13, 14, 15, 16 shows an example of 
saving a segmented image in different pictures.  

 

 

Fig. 12 Original image 

 

2 23-26 8kB 107-109MB 

3 16-18 12kB 108-112MB 

4 15-16 18kB 115-118MB 
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 Fig. 13 Segment 1  Fig. 14 Segment 2   Fig. 15 Segment 3   Fig. 16 Segment 4 

 

The index of each image depends on its size/position. The module has a method 
to choose the selecting algorithm. These are the three options: from largest to 
smallest, from left to the right and from the closest to the farthest.  

 

 

3.3.3. Limitations 

 

- The maximum number of detected blobs is 4 in the blob tracking module. If the 
program tries to catch more than 4 blobs, the module just catches and retrieves 
one.  

-FPS value decreases as more blobs are detected. It happens because the 
module needs to capture blobs from the image first and then process each one. 

-The module is not stable. When two blobs are very close and its distance vary 
only few cm, the blob module switches the blobs continuously. There is no 
hysteresis range to filter this problem. The same problems happens with two 
blobs with the same size or in a close position in the x axis.  

 

 

3.3.4. Conclusion 

 

- The module itself works well. It doesn’t require much memory process size and 
the size of the image are really small. Despite having less FPS when multiple 
blobs are showed, its value in the worst case (4 blobs) is still good. 

- Another advantage of this module is that it works fully with streams of depth 
images. It means that for example it works with light or without as well so there is 
no need of being in a well-lit atmosphere.  

-The only thing that Intel needs to improve in this module in order to make it 
powerful is to increase the limitation of maximum 4 blobs. This limitation hinder 
the possibility of implementing it for commercial uses.   
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3.4. Test 4: Face Detection 

 

3.4.1. Introduction 

 

The face detection module tracks the faces in the FOV of the camera. It detects 
faces through image processing and retrieves their position in the FOV. It has 
two way to print the detected face: displaying a square surrounding the face and 
printing landmarks on it.  

The square is more stable and can be printed in largest distances. On the other 
hand, the landmark points has a big dependence on face angle, so it is less 
stable and it is well printed in smaller distances. There is in total 78 landmark 
points on the face. (See Fig.17). 

 

Fig. 17 Each face has 78 landmark points. Ref. [5] 

 

 

3.4.2. Results 

 

In this test is important to define the stability of the module. It is the capacity of 
the module to keep tracking the detected faces. The stability depends of many 
factors: the movement of the faces, its distance to the camera, the number of 
detected faces, the illumination, the face clearness, etc.  

 

3.4.2.1. Number of faces 
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The test has demonstrated that the maximum number of detected faces at the 
same time is 10. Although there are more face in the FOV, the module is able to 
retrieve just 10.  

As in the blob tracking module, it has an algorithm called TrackingStrategyType 
which sets the preference of detecting the faces. The main criteria are closest 
face to farthest or appearance time.  

Here below there is an image of a moment where the module reach the 
maximum number of detected faces, 10. (See Fig.18). 

 

Fig. 18 10 faces detected simultaneously 

 

3.4.2.2. Working distances 

The working range test is separated by two tests: Outside with daylight and 
inside with lamplight. It is important to distinguish these two tests because the 
light condition affects deeply on the face tracking.  

In each light condition, there are two different results: Detection and Landmark. 
The detection algorithm detects the faces in front of the camera and gives an ID 
to each one. The landmark algorithm write some reference points in specific 
places of the face so then the module can distinguish faces comparing the 
position of these reference points.  

 

Table 6: Inside/lamplight working distances results 

Features Min. distance Max. distance 
(detecting) 

Max. distance 
(tracking) 

Detection 35 cm 240 cm 290 cm 

Landmarks 35 cm 210 cm 190cm 

 

 

Table 7: Outside/daylight working distances results 

Features Min. distance Max. distance Max. distance 
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(detecting) (tracking) 

Detection 35 cm 240 cm 270 cm 

Landmarks 35 cm 220 cm 200 cm 

 

 

The test of the module shows that the landmark algorithm is not very stable. 
When the face moves to any position, the reference points sometimes don’t 
follow its corresponding place on the face. As more far is the face from the 
camera, more problems for landmark points to stay at their corresponding 
position. 

 

3.4.2.3. Altitude and tilts 

The tests before are done in an optimum camera position (when camera and 
face are in the same altitude). However, there cameras are usually installed over 
the face altitude in order not to be invasive and protect them from people 
surrounding.  

The following two tests are done in a camera altitude of 2.20 and 2.55 meters 
with lamplight. 

 

 

Table 8: Altitude test 1. Camera height: 2.20m.  

 

Table 9: Altitude test 1. Camera height: 2.55m.  

Min. distance: 
95cm 

Max. distance (detecting): 
200 cm 

Max. distance (tracking): 230 
cm 

Min. distance: 80 
cm 

Max. distance (detecting): 
205 cm 

Max. distance (tracking): 240 
cm 
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3.4.2.4. Performance 

The FPS value doesn’t depend on the number of detected faces. Its value is 
always between 25 and 30.  

The available resolutions for this module are 1280x720 and 640x480. Both 
resolutions were tested and the 640x480 had better results, so this was the used 
resolution to do this test.   

 

3.4.3. Limitations 

 

- The face tracking module has a huge dependency with the light condition. The 
face can only be detected if it has enough light. If the object is backlit, the camera 
doesn’t detect the face properly even if the face is close to it 

-The camera doesn’t work properly when the height is over 2.50m. It has 

problems to recognize the faces which are looking ahead and its working range 

is very small in both inside and outside.  

-The maximum number of detected face is 10. In case there are more faces in 
the FOV, only 10 of them are captured. 

 

3.4.4. Conclusion 

 

- The range of 1 to 10 face simultaneously detected is fine. It is unlikely to have 
more than 10 faces inside the camera FOV and its module working range. 

- The difference between the daylight and artificial light is not big. However, the 
daylight can generate backlighting or it can illuminate the face irregularly so the 
face tracking module would have troubles to work properly. On the other hand, 
the artificial light is usually more regular and generates less backlighting. 

- Face detection (squares) and landmarks algorithms has been tested. As we 
have seen, face detection keeps always stable inside the working range even if 
the face is moving, the landmarks algorithm is very unstable when the face 
moves or there are many faces. In conclusion, the module cannot totally ensure 
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that the landmark points are properly overwritten when the camera detects a 
face. 

 

 

 

3.5. Test 5: Face Recognition  

 

3.5.1. Introduction 

 

Realsense SDK has another parallel module of face tracking called face 
recognition. It is capable of storing faces in a database and compare them with 
new detected faces. Each face is stored with a unique ID and its corresponding 
face landmarks, which are used to make the comparison between faces.  

Face recognition module has an internal methods to create, manage and delete 
faces database. The information of each face is encrypted and stored locally by 
the SDK so it is not able to be read from external applications. 

This is the workflow of the module:   

1. A new face is detected with no ID assigned. 

2. The module compares it with all face’s references of the database.  

3.  If one of these faces has many matched landmark points with the new face 
detected and passes a certain threshold, the new face is considered the same as 
the one saved previously. Then its corresponding ID is assigned.  
4.  If there is no matching, the new faces is considered as new and then it can be 
saved in the database for further comparisons.  

 

3.5.2. Results 

 

3.5.2.1. Face storage 

The face recognition module needs a database to store faces. This database 
must be created or loaded before recording images. The points below are the 
most important issues of the face storage: 
 
- The maximum number of saved faces in the same database is 32.  
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- The module can save more than 1 face at the same time, actually the test can 

save properly 3 faces at the same time but it has troubles then to make the 

comparison (See more in Face comparison part) 

 
- The database can be saved locally in a .bin format. This file can be loaded 

afterwards in order to make the comparison with the faces detected 

previously.  

 

 

3.5.2.2. Face comparison 

The database contains a certain number of faces to be compared with. When a 
new face is detected, the algorithm start comparing this new face with all 
references in the database. In case there is a coincidence, the algorithm give the 
same ID of the saved face to the new detected face. The time needed by the 
program to realize that a detected face is already in the database is from 0.5s to 
3s in most of the cases.  
 
This subtest has two very different cases: One and more than one face to 
recognize. The module is well-prepared to detect and recognize just one face. 
However, if there are two or more faces (saved previously) inside the FOV of the 
sensor, the module is not able to recognize easily all of them. Usually it only 
recognizes one or maximum two of all those faces even though all of them have 
been saved before. Therefore, the results show that this module is designed to 
recognize faces one by one.  
 
On the other hand, sometimes a new detected face is recognized as a face 
stored previously because they are very similar. The landmarks are so close that 
the threshold value is overcome and they are considered as the same face. 

 
 

3.5.2.3. Performance 

The FPS value is the biggest issue in face recognition. When there is a database 
with stored faces and the module is comparing them with new detected faces, 
the FPS value is between 4 and 10. It happens because the module needs to 
compare the new face with all references in the database and this operation 
requires so much process memory that the processor is not able to keep the 30 
FPS rate.  
 
Additionally, it is important to know how much space occupy each face in the 
database. The results shows that each stored save has a size of 16 Kbytes.  
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3.5.3. Limitations 

 

-The comparison algorithm sometimes freezes. After saving a face with its 

corresponding ID, if the camera captures another face, the algorithm sometimes 

recognize this new face as if it was the last saved one and its corresponding ID, 

although they are much different. The solution is to focus another thing and 2 

seconds later refocus again to the new face in order to break the freezing.  
 
-The maximum number of faces in one database is 32. These limitations comes 

from SDK and after registering 32 faces, there is no way to register more. The 

only solution is to create another database to add the new faces. However, the 

faces from the first database will be no longer compared with the new detected 

faces, until the program loads again that database.  
 
-In the face comparison algorithm, the FPS value decreases to values of 5 FPS. 

It happens due the amount of process memory required to execute the algorithm.  

 

 

3.5.4. Conclusion 

 

-If there is an idea of a commercial implementation of this module, the maker 
must consider that it is not a reliable algorithm. It still have many important errors 
recognizing faces from the database and it often confuses some of them. 

-There are two important changes that the SDK must change in order to improve 
this module and convert it in really profitable algorithm. The first one is to extend 
the max number of saved faces in one database. The number of 32 faces is not 
enough large for commercial uses because it might needs databases larger than 
1000 face’s references to work properly. The second one is to add more 
references points in each face in order to increase the differentiation between 
faces. It would avoid problems as mixing or confusing different faces.  

-Even there are big limitations and the module is not very stable, this module has 
many potential uses. The algorithm of storing and comparing faces is very 
powerful and can be very useful in many areas as personal identification, 
counting number of different people in a particular area, etc.  
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3.6. Test 6: Object Recognition 

 

3.6.1. Introduction 

 

The RealSense SDK provides the Object Recognition module to recognize 
typical household objects. The algorithm to detect and recognize these objects is 
already implemented.  

This is the list of possible objects to recognize supported by Realsense SDK 
2016 R2:  

 

Table 10: Objects list supported by SDK 2016 R2 

mug smart-phone desktop mouse 

laptop chair table sofa 

door computer bag refrigerator microwave 

wall socket wall switch pen pictures 

window lamp elevator house plant 

wallet bed pillows TV remote 

toilet pacifier sink dish washer 

 

 

For each recognition result, there a confidence value that indicate how close is 
the recognized object with the ideal one implemented by RealSense. The value 
goes from 0 to 1 and all the results over 0.90 are considered as High confidence. 
As higher is the confidence value, more probability of a correct recognition result.  

 

 

 

 

3.6.2. Results 

 

3.6.2.1. Tested objects 

This test has not tested all native objects from the SDK. It is focused in some of 
them in order to go deeply in each one and extract a general behavior hypothesis 
for all. The chosen list contains objects with different sizes, colors and shapes 
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because depending on how the object is, the working range would be bigger or 
smaller.  
 
The tested objects are: smart-phone, keyboard, laptop, chair, table, door, 
refrigerator, wall switch, pen, lamp, shoes, pillows, TV remote. 

 

3.6.2.2. Working distances 

All tests are done in a lamp light atmosphere. The confidence threshold is 0.70 
(MEDIUM) because we consider that the confidence over 0.70 is enough high to 
ensure a right recognition.  
 
The test is separated in objects’ size.  
 

Table 11: Small size objects working distances results 

Object Size  
Minimum 
distance 

Maximum 
distance 

Smart-phone 15.2x7.6 cm 23 cm 51 cm 

Wall switch 9.0x29.4 cm 52 cm 79 cm 

Pen 15.0x0.5 cm 3 cm 60 cm 

Shoes 30.5x9.8 cm 32 cm 72 cm  

TV remote 22.0x5.2 cm 15 cm 50 cm 

 
 
Observations: The module has problems to recognize the shoes. It happens 
because the module may only recognize a one specific type of shoes. Moreover 
it just recognizes the shoe when the camera captures the shoe’s lateral side.  
 
 
 
 
 
 
 

Table 12: Medium size objects working distances results 

Object Size  
Minimum 
distance 

Maximum 
distance 

Keyboard 38.2x11.4 cm 3 cm 88 cm 

Laptop 
40.0x38.2 cm 
(2D surface) 

48 cm 105 cm 

Lamp 
Radius: 14.0 cm 

(Circular) 
5 cm 360 cm 

Pillows 41.0x41.0 cm 58 cm 123 cm  
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Observations: The module can easily recognize the lamps when they are 
switched on.  
 

Table 13: Big size objects working distances results 

Object Size  
Minimum 
distance 

Maximum 
distance 

Chair 
80.0x43.0 cm 
(2D surface) 

80 cm 190 cm 

Table 160.0x73.0 cm 15 cm 310 cm 

Refrigerator 120.0x58.0 cm 100 cm 260 cm 

Door 180.0x75.0 cm 160 cm 280 cm  

 
Observations: The door is hard to be recognized.    

 

 

3.6.2.3. Recognition of multiple objects simultaneously 

The object recognition module has a method that retrieve the number of 
recognized objects. It looks like if in the same time the camera can recognize 
more than one object inside its FOV, but actually it is not able to do it.  
 
In the test, two objects from the list were put together in order to be recognized 
by the camera. However, the module didn’t retrieve any of them. In fact, keeping 
the camera at the same position and removing one of those objects, the camera 
suddenly start recognizing the object left in front of it. Therefore, we conclude 
that if there are more than one object in front of the camera, it merges them so it 
cannot recognize anything.  
 
On the other hand, if there is an object from the list and next to it another which is 
not, the camera also have problems to recognize it because the image is not 
enough clear.  

 

3.6.2.4. Performance 

The FPS in this module is always constant. It doesn’t change even if an object is 
recognized or not. Its value is 8-9 FPS.  
 
 

3.6.3. Limitations 
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-The object recognition module is very limited because it just recognizes 34 

objects at this moment. 

-It can only recognize on object at the same time. If there is more than one, it 

recognizes the bigger one or none of them if the sizes are similar.  

-The recognition algorithm needs a clear image to recognize the object. If the 

object to recognize has many different things surrounding it, the module won’t 

work. As more clear and smooth is the object’s background, easier for the 

module to work properly.  

-The objects such as doors, shoes and wall switches can have many different 

shapes. The module’s algorithm has a default shape for each object so 

depending on the shape of these objects, the module will have more troubles or 

less to recognize them.  

 

 

3.6.4. Conclusion 

 

-The results show that the working distances do not only depend on the size of 
the object. For example a table is much bigger than a pillow and its min. distance 
to be recognized is much shorter than the pillow’s min. distance. Also, the shape 
of the object has a big influence in this module. For example a keyboard is easy 
to recognize in short distances due to its keys.  

-There is a big dependency of the side which the objects are captured. Big 3D 
objects as tables or chairs needs to be captured from a specific side in order to 
be recognized. In the same way, objects with different shapes as shoes, may be 
difficult for the module to recognize. Intel must work hard in these issues in order 
to get a real competitive product in object recognition area.   

- It is important to have good lightning and a smoothed background because this 
module has a deep dependency in these properties. Better conditions, much 
better performance.  

-The lamp is a special object because the camera can capture its light and the 
module translates this amount of light as a lamp. This special case happens only 
when the lamp is switched on.  

-The low FPS value doesn’t affect in the final results of the module.   

 

-The list of 34 objects is too short to employ this SDK Real Sense module. The 
actual version is just for make diffusion of this feature and shows the clients the 
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potential functions of this camera. Until the module does not have a much bigger 
list, it is difficult to imagine a real implementation for commercial uses. 

 

 

 

3.7. Test 7: Person tracking 

 

3.7.1. Introduction 

 

This module is the most important for the use cases of Imotion. It is able to detect 
bodies inside the camera’s FOV and retrieve their world position (x and y position 
respect the middle of the FOV and the distance respect the camera).  

While the body detection is done by processing images RGB, the world position 
data is retrieved by the depth images. For this reason, when a body is far 
enough, the module may still detecting the body but no world position data is 
retrieved.  

This test, as the tests before, checks and evaluates the performance and 
features of this particular module. However, this module is the one used by 
Imotion in their systems, so the implementation of this technology is based in this 
module. Therefore, an extra development was done with this module in order to 
implement it and observe its behavior in real conditions.  

The next chapter contains all related information about this development and 
also more specific results and performance of the whole module  

 

 

3.7.2. Results 

 

This test has used unknown people from pictures of internet in order to test the 
performance of the person tracking module. These people were used in testing 
the max number of people detected and tracked simultaneously. There wasn’t 
the possibility to test it with real people, but the results in that subtest are nearly 
the same as in the real world.  
On the other hand, the test of maximum detecting and tracking distances has 
been done using real people moving in front of the FOV of the camera. 

 

3.7.2.1. Maximum number of detected people 
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The module is able to detect multiple people at the same time and differentiate 
each of them with different ID. This ID number is assigned just one time and it 
stays with the tracked person until this person is out of the FOV of the camera or 
the module’s working range. The next detected person is assigned with the same 
ID number increased by 1, even if this new person has been detected before. In 
short, the ID is not assigned and saved to a concrete person as face recognition 
module, in fact it is just a number to give a reference to each detected person. 
 
This test, as it is said before, is done using pictures from Google images of 
common people and put them together. The maximum number of detected 
people simultaneously tested is 7. It doesn’t mean that the module is not able 
detected more than that. However, there weren’t enough resources to check if 
more people can be detected. Despite this, it is unlikely to have more than 7 
people inside the FOV and the working range of the camera in the possible uses 
of this module. So then, 7 people tested is enough to ensure that the program will 
have no limitation in terms of number of people.  
 
The Fig.19 is a snapshot of a moment where 7 people are detected at the same 
time: 

 

 

Fig. 19 7 people tracked simultaneously 

 

 

3.7.2.2. Working distances 

The working distances in this module are the highest of all Intel RealSense SDK. 
In the best case it can track people up to 10 meters, much longer than the face 
modules.  
 
It is also important to distinguish between two cases: Daylight and lamplight. The 
illumination affects the detection and the tracking of the bodies because as more 
clear and illuminated is the body, easier for the module to detect it. In each case 
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there is a min and max distance to detect a body and also to track it. As in the 
face module, the tracking distances are larger than detecting distances because 
once the body is detected, the algorithm can follow the body movement easily. 
There are also the distances where the depth data is being retrieved.  
 

Table 14: Outside/Daylight working distances results 

Cases 

RGB body detection data Depth data 

Min. distance 
Max. distance 

(detecting) 
Min. distance 

Max. distance 
(detecting) 

Detection 70 cm 5-5.50 m 1.0 m 4.30 m 

Tracking 70 cm 9-10 m 1.0 m 4.30 m 

 

Table 15: Inside/Lamplight working distances results 

Cases 
RGB body detection data Depth data 

Min. distance 
Max. distance 

(detecting) 
Min. distance 

Max. distance 
(detecting) 

Detection 70 cm 3.30 m 1.0 m 4.30 m 

Tracking 70 cm 8-9 m 1.0 m 4.30 m 

 

3.7.2.3. Performance 

The FPS rate keeps always constant in a value of 30 with 1 or eve with 7 
detected people. Therefore, the number of detected people doesn’t affect the 
FPS.  
 

 

3.7.3. Limitations 

 

-The test’s limitation is the number of people tested. There wasn’t the way the 

module’s max number of detected people simultaneously because there isn’t 

enough resources to do it. Till now, the test can ensure that at least 7 different 

persons can be detected at the same time.  
 
-The module working range is really good. However, there is a significant 

variation between detection distances in lamplight and in daylight. The detection 

distance in lamplight is much shorter (3.30 m) and in some real implementations 

this distance could be not enough big to get a good performance.  
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3.7.4. Conclusion 

 

-The large working distances opens a big amount of possibilities for commercial 
implementation. Each camera can cover a big area and track all people moving 
around it. Combining three or four cameras the user can obtain a large amount of 
data of all people moving around his shop or working place.  

-The working distances test, also shows the difference between depth and color 
images data. The color images, used for body detection, can work in longer 
distances but its results can vary because it has a big dependency on the light. 
On the other hand, the working distances of the depth images are smaller. 
However, the light never changes the results because the depth images don’t 
depend on it. This is why the depth data range is always constant and smaller 
than the color data.   

-The performance of this module is one of the best points. Both FPS and process 
memory required are very good compared with other modules.  

-In my opinion and as the results show, the person tracking is the best 
implemented module in the R200 camera. It performs very well with this camera 
and the working range is much larger than the expected.  

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 4: TRACKING SOFTWARE DEVELOPMENT 

 

4.1. Purpose of the development 
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The aim of all realized tests is to check out the specifications and sensor 
performance given by the provider. However, once all the results have been 
obtained, it is the moment to implement it in a real situation.  

Before this implementation, a software development using the previous modules 
is needed to get the desired results.  

 

 

4.1.1. Main goal 

 

The goal of this development is to create a software capable of detecting multiple 
people crossing the camera FOV in order to count the total number of entrances 
and exits. Moreover, the faces of these people are captured (if possible) and 
save it in a local database.  

The software must be reliable and the accuracy of the counter should be over 
90%. It means that several filters and specific algorithms must be implemented in 
order to avoid wrong results and filter situation that induces false inputs.  

 

 

4.1.2. Involved Realsense modules 

 

The modules used in this software are person tracking and face detection. 

Person tracking provides the algorithm of detecting and tracking bodies inside 
the sensor’s FOV. It also provides the logic of body world position using the 
depth sensors (position in the horizontal and vertical plane and the distance from 
the camera).  

On the other hand, face detection provides the algorithm of detecting people 
faces placed inside the sensor’s FOV. This module only uses the RGB camera 
and applying image processing is able to detect faces. When these faces are 
detected, they are saved instantly in a local database.  

 

4.2. Software specifications  

 

4.2.1. Software requirements 
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At the beginning of the development, Imotion gave a list of specific requirements 
and filters to improve the accuracy of the results and to get the expected data. 

Here below there are the main points of these requirements: 

-The sensor must be able to capture at least 7 bodies simultaneously.  

- Differentiation between entrances and exits.  

-A variable that determines the minimum travelled distance to consider an 
entrance/exit. 

- A variable of time to filter those bodies which has been detected less time than 
the minimum established time.  

- A variable to determine which distance is considered as an outside traffic. 

- A variable to filter a “False in/out”. It refers to those people who are detected by 
the sensor but in the middle of the FOV, they turn around and go back. 
Therefore, it is not considered as an entrance neither an exit.  

-The sensor also must be able to capture more than 5 faces at same time. 

-The face image must be linked with its body ID and saved in an exclusive folder 
named with the ID number. 

-Each second an image of the same face must be saved.  

 

4.2.2. Software code 

 

The software developed is composed by two main parts: The modules operating 
code and the output data analyzing code.  

The module operating code contains all that classes and methods used to 
initialize the video streaming (both color and depth) with the modules of person 
tracking and face detection. It also has the algorithms to detect multiple 
bodies/faces, copied from the previous testing part. The person tracking is tested 
to detect up to 7 people simultaneously, while the face detection is up to 10 
faces. At the same time, the data from the captured images is collected here 
(e.g., person ID, number of detected bodies/faces, distance of each body, size of 
each body/face, etc.). 

The output data analyzing code is all the part of the software that is in charge of 
analyzing the data coming from the operating code in order to process it and to 
get the corresponding output. This code contains all the filters and the data 
processing algorithms of the two main features of the implementation: the people 
counter and the face images storage.  
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4.2.2.1. People counter 

It is the main algorithm of this project. The main idea is to count the number of 
entries and exits of all the people who go through the sensor FOV. 

The algorithm uses the person tracking module and when a person is detected, 
the algorithm stores the first distance. In another buffer, the distance variable is 
being updated each frame with the corresponding distance value until the person 
is not detected any more. Then, the algorithm can compare the first and the last 
distance of the detected body to get the distance variation. The sign of this 
variation indicates if the person enter or leave and its absolute value is the length 
of the travel made.  

There is a threshold variable to consider if the travel is long enough to consider 
an entry or exit. If the distance absolute value is bigger than the threshold, the 
algorithm will look at the sign to determine if it is an entry or exit. It also depends 
on the position of the camera relative to the entrance. There are two cases:  

 

Table 16: Entries and exits cases 

CASES 
Distance variation = Last distance – First distance 

Entry Exit 

Camera 
over the 
entrance 

door 

  

Camera 
in front 
of the 

entrance 
door 

  
 

Apart from the threshold variation, the counter also implements three more filters 
in order to improve the accuracy of the results and avoid situations that can 
induce to errors.   
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-Minimum detected time filter: All bodies must been detected more time than 
this threshold value. It avoids possible glitches of the sensor that sometimes 
detects nonexistent bodies briefly. It is caused by random shadows or shapes 
which are detected and treated as normal bodies. Even it is not very common, 
there must be an algorithm to filter these errors.  

-Maximum traveled distance per frame: If the distance between two frames is 
higher than this threshold, this last distance is not recorded because it is 
considered as an error of the sensor. Sometimes the distance variation between 
two frames is just unreal, so it is filtered as a mistake.  

-False In/Out and outside traffic filter: Both filters are implemented in the 
distance variation threshold. They refer to that bodies which don’t perform a full 
entry or exit (they stop in the middle and go back) and also to the bodies 
detected outside. In both cases, the distance variation is usually less than the 
threshold so they are not counted in the counter.  

 

4.2.2.2. Face images storage 

This secondary feature is less developed than the counter. Its main idea is to 
detect faces using the face detection module tested before, in order to save 
them. Afterwards, it is possible to apply image processing at these faces to get 
extra information such as approximate age or gender. However, this image 
processing is not implemented in this feature, so it just extracts the faces 
pictures.  

The face picture extraction is done cropping the main image. The detection 
module retrieve the position and the size of the face using a square shape. Then, 
this square is used to crop the whole image, so the output is just the part of the 
image where the face is located.  

On the other hand, each face is related with its body. Given a position of the 
face, the algorithm look for a body located very close to the face position. When 
the body is found, its ID is also given to the corresponding face.  

Finally, the output face image is saved in a new folder named with the id of the 
corresponding body/face. Each folder will contain all the pictures done of that 
face during its detection period. In addition, it is possible to adjust the number of 
pictures taken per second.  
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CHAPTER 5: IMPLEMENTATION 

 

The software development is ready to be implemented in order to get the results 
of its accuracy, performance and also errors. There are three scenarios with 
different conditions and different cases. The overlapping case refers to when one 
person is in front of another one so the sensor can only see a part of the body in 
the back. On the other hand, intersection refers to when one person is entering 
while another is leaving inside the sensor’s FOV. In narrow places, sometime the 
intersections also creates overlapping.  

 

Table 17: Implementation scenarios 

Scenario Conditions Test cases 

University Good lightning, wide door General. Individual and groups 
cases.  

House Good lightning, narrow door Individual, overlapping and 
intersection cases 

Parking Bad lightning, wide door Group overlapping cases.  

 

The three scenarios has the camera over the door, so if the distance variation is 
positive means an entry, if it is negative means exit. 

Finally, it is important to note that the results has been divided in two parts: 
Individual and group cases. The difference is the number of people involved in a 
specific entry or exit. If only one person is crossing, it is counted as individual, but 
if there are more than one, then is counted as a group entry/exit.  

 

5.1. University scenario 

 

5.1.1. Description 

The main implementation were done in the bibliotheca’s entrance at the UPC 
Castelldefels campus. The entrance has good lightning and the door is wide 
enough for 3 people. This situation is the most common because usually the 
shops or public places has big doors, so the people traffic can run fluently. The 
common cases here are people individually or in groups and also intersection 
without overlapping.  

As it is said before, the camera was placed over the door and pointing inside so 
the people’s face can only be captured when they are leaving. (See Fig.20, 21). 
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Fig. 20 Location map.            Fig. 21 Camera position 

  

 

5.1.2. Results 

 

Table 18: Results of the counter algorithm in University implementation 

Implementation University Total time 
analyzed 

54 minutes Accuracy 
(%) 

Individual cases 

Entrance 
counted 

19 
Entrance not 
counted  

1 95% 

Exit counted 11 Exit not counted  2 84,6% 

False In/Out 
filtered 

9 
False In/Out not 
filtered 

0 100% 

Group cases 

Entrance (counted/total people) 1/2, 2/2, 0/2, 0/2, 0/2, 1/3, 2/2 40% 

Exit (counted/total people) 
1/3, 1/2, 1/3, 2/2, 1/2, 0/2, 2/2, 
2/3, 1/2 

52,4% 

 

Table 19 Images of people detected 

ID:09 ID:14 ID:22 ID:31 
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5.1.3. Observations 

The results shown that the prototype works fine and with a high accuracy when 
people cross the FOV individually. Also, the False In/Out filter works perfectly. 
However, the when groups of more than one person crosses the entrance, the 
accuracy decreases a lot. In most of the cases, the software only count half of 
the group because maybe it is not powerful enough to count more than one 
person leaving from the FOV at the same time.  

It is important to note that most of the errors in the entrances/exits is that the 
people who crosses and were not detected usually wear black clothes. Why? 
Because the depth sensor use infrared rays which don’t work well with black 
colors. As it is known, the black color doesn’t reflect the rays so normally the 
depth sensor doesn’t detect it. 

On the other hand, the images obtained from detected people are clear but poor 
quality. The reason is that the resolution of the whole image is 640x480 and the 
algorithm crop a small part where is face is found so the pixel density is very low. 
To get better pictures, the resolution chosen must be higher, but it also means a 
better processor to support it.  

 

 

5.2. House scenario 

 

5.2.1. Description 

Sometime, the camera is placed in narrow entrances. In this case, the traffic is 
not as fluent as in the university scenario because people are very close one to 
each other. This situation creates critical moments for camera performance 
because there might be close intersections and overlapping.  

This implementation was done in a house entrance with good lightning conditions 
and a narrow corridor. (See Fig.22). 
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Fig. 22 Narrow entrance 

 

 

5.2.2. Results 

 

Table 20: Results of the counter algorithm in the House implementation 

Implementation House Total time 
analyzed 

42 minutes Accuracy 
(%) 

Individual cases 

Entrance 
counted 

17 
Entrance not 
counted  

5 77,3% 

Exit counted 16 Exit not counted  10 61,2% 

False In/Out 
filtered 

4 
False In/Out not 
filtered 

0 100% 

Group cases 

Entrance (counted/total people) 1/2, 0/2, 2/2, 2/3 , 2/3, 1/2 57,1% 

Exit (counted/total people) 
1/2, 1/2, 0/2, 1/3, 1/2, 2/3 

43,8% 

 

 

5.2.3. Observations 

 

This implementation demonstrate that narrow entrances are worst for camera 
performance accuracy. The bodies overlapping generates errors and uncounted 
entries/exits. Despite the people is crossing individually one behind another, the 
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sensor cannot detect all of them due the overlapping, so the individual accuracy 
is strongly decreased. In addition, the intersection of two bodies in a narrow 
spaces also creates overlapping and therefore more errors. In these cases, we 
have observed that the sensor mixes up the bodies’ ids so the algorithm loses 
the reference of the first distance. Then, they are not counted because the final 
distance travelled are normally less than the minimum.  

On the other hand, the images results are the same as in the previous 
implementation and their quality also should be improved with a better image 
resolution.  

 

5.3. Parking scenario 

 

5.3.1. Description 

There are also other places such us metro stations or parking’s where the light 
conditions are much worse than in a shop. It is important to see which impact has 
on the performance and if the accuracy of the results are also affected.  

This implementation was done inside a parking with wide entrance and most of 
the cases were groups of people and sometimes with overlapping. (See Fig.23). 

 

 

Fig. 23 Wide poorly lid entrance 
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5.3.2. Results 

 

Table 21: Results of the counter algorithm in the parking implementation 

Implementation Parking Total time 
analyzed 

16 minutes Accuracy 
(%) 

Group cases 

Entrance (counted/total people) 1/4, 0/3, 1/2, 1/3, 0/4, 1/2  22,2% 

Exit (counted/total people) 
2/3, 3/4, 1/2, 1/3, 1/3, 2/4, 2/4, 
4/4, 1/2 

58,6% 

 

 

5.3.3. Observations 

 

These implementations applies in wide spaces with less light as for example 
metro stations. The results shows that the accuracy is really small, especially 
with the entrances. The hypothesis is that the bad light conditions complicates 
the image processing of the person tracking module, so the bodies are not 
detected or they must be really close to the camera for being captured. In case of 
exits, the person is going directly to the sensor so the face is makes easier for 
the module to detect a body. For this, the accuracy in the exits is much better 
than in the entrances.  

Another inconvenient of this light conditions is that the face detection module 
doesn’t work well, so the faces are not detected. Thus, there are no available 
photos of people’s face because the prototype couldn’t get any.  
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CHAPTER 6: CONCLUSIONS 

 

This project has evaluated the 3D camera sensor launched by Intel and 
supported by RealSense platform (also from Intel). The main idea was to analyze 
the sensor and the performance of each of its available functions to check which 
limitations and potential uses has. After that, a software using Realsense 
platform was developed in order to create a prototype for a real implementation. 
This prototype includes two current functionalities of Imotion Retail, the company 
that owns this project. The main functionality is the people counter which is 
capable of counting all the entries and exits of an entrance. There is also a 
secondary functionality that detects people faces and takes pictures of each of 
them. 

The first conclusion is that Realsense SDK has some modules that are not 
enough developed. As we seen in the testing part, they have strong limitations 
and their performances are not enough good. For example, the face recognition 
module has troubles saving more than one face simultaneously. Moreover, the 
module sometimes mixes up faces despite they are much different. Therefore, 
Intel should invest more resources in Realsense SDK to make more reliable and 
powerful modules.  

Following this issue, modules like object recognition or enhanced depth also 
must be more developed. They have many potential uses and utilities, but their 
lack of investment make them not useful yet. The object recognition due to its 
short list of available detecting objects and the enhanced depth images because 
its image format can only be read by Realsense platform. 

Focusing now in the implementation, it is important to remind that the software 
developed is just a first version. As all firsts’ versions, there are many bugs and 
parts to improve. Firstly, the Form used is very basic and has the minimum 
elements to get the data needed and unfortunately it is not robust, so it is easy to 
get error if wrong buttons are clicked. Apart of this, the algorithms implemented in 
the software are not the most efficient. It is possible that some errors in the real 
implementation came from a non-efficient code that is not fast enough to process 
all the data required. Moreover it is important to note that there are also physics 
limits with infrared rays. When people wear black clothes, they are not detected 
by the depth sensor due that the rays are not reflected. It produce a large amount 
of errors in the counter so the accuracy is deeply decreased by this factor.  

The combination of performance limitations in R200 sensor, physical limitations 
(no infrared reflections in black clothes), and non-efficient code make it difficult to 
determine from where does the error came from. Even that, if the question is: Is it 
possible to make a real implementation with the prototype of the project? The 
answer is yes, but only for systems where the minimum accuracy of the results 
accepted is 60%. In case of Imotion Retail, who is looking for accuracy over 90%, 
new versions of the developed prototype must be launched to increase the 
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precision of the results. Even that, the R200 sensor performance limitation might 
be a hard barrier to get this minimum accuracy percentage. 

Finally and the most important things is that despite the sensor, its SDK platform 
and the prototype created need to be improved, there is a large list of 
opportunities using this technology. In one hand, the documentation in Internet 
explains that it is possible to connect more than one sensor in the same 
computer. For Imotion this is a great advantage because they can implement the 
sensors systems in one place with fewer computers, so the installation is 
cheaper and easier. On the other hand, the sensor is much smaller than Kinect, 
what makes it less invasive for the customer.  

Personally, carrying this project out has meant a great challenge to me because 
during the course of its realization, there have been lots of difficulties and 
obstacles in the development and design as well as writing the documentation. 
Therefore, to overcome them I had to apply concepts learned in the degree and I 
have learned many new others. Overall, the experience of being able to realize 
this project has been remarkably good not only for the concepts learned, but 
because I have realized how a Start-up works and all its existing 
opportunities/risks in each project.   
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CHAPTER 7: NEXT STEPS 

 

There is a huge list of possible improvements and possible functionalities for the 
software developed in this project. This list only contains the points that a single 
developer can perform. All the improvements needed in the Intel RealSense SDK 
are not counted because it only depends on future releases delivered by them.  

Here below there is the list of the main software issues that should be improved 
and also its extra available functions to implement.  

 

 

7.1. Improvements 

 

-Enhance the software processes efficiency. It could solve the problems of the 
counter when a group of people cross the entrance and just some of them are 
counted.  

-Make a more robust code in order to avoid possible errors while compiling.  

-The algorithm implemented in this project to compare the first detected distance 
with the last distance of each person is neither efficient nor reliable. For further 
versions, it is recommended to develop another algorithm to improve software’s 
accuracy.  

 

 

7.2. Extra functionalities 

 

-Imotion has an image processing algorithm to hypothesize the age and the 
gender of each captured face. It can also be implemented in the project’s 
software in order to extract more data from detected people. To apply this 
feature, it is important to increase the image resolution to get better photos of the 
faces.    

-As it is said in this project, the R200 camera requires less processing resources 
than Kinect. It opens the possibility of connecting more than one camera in the 
same PC and therefore the possibility of combining different sensors in the same 
program. Then, big places can have a system to count all bodies inside, as for 
example train stations or airports.   
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