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ABSTRACT 
In a way to explore the different ways a computer may discern information from its 
surroundings this is a thesis focusing on analysis of a live camera feed.  The core is how 
to build a turret, a tower with rotating axes, using a single-card computer and a camera 
module and make it interact based on visual input. The interaction explored is to track an 
object in the live feed. 

The tracking is solved by using Python 2 with OpenCV’s color-filter and contour-finder to 
create color tracking used to find a predefined object and determine the vector which the 
turret will aim towards. The turret is mounted on a motor-controlled chassis for increased 
mobility. Additional research is made on the turret’s control system to find the most 
efficient and still reliable one if cycleskips of calculations are introduced for performance 
saving. 

Herein is a full construction of said turret and extended explanation of relevant theory. 
The final product is able to follow a pre-specified object with a distinct and homogenous 
color, with dependable certainty and is able to take user-defined actions based on the 
information. Cycleskips to increase performance is determined, through statistical 
experiments, not to be an efficient method. 
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SAMMANFATTNING 
I syfte att utforska olika sätt som en dator kan urskilja information från sin omgivning är 
detta ett projekt med fokus på analys av ett direkt kameraflöde. Grunden i projektet är 
hur man bygger ett kanontorn med roterande axlar med hjälp av en enkortsdator och 
kameramodul för att se till att systemet agerar baserat på visuell information. Det 
specifika interagerandet som utforskas är att spåra och följa ett objekt i kameraflödet. 

Spårningen löses med hjälp av Python 2 med OpenCVs färgfilter och konturfinnare för att 
tillsammans skapa färgsökning som används för att hitta ett fördefinierat föremål och 
bestämma vektorn som kanontornet kommer att sikta mot. Kanontornet är monterat på 
ett motorstyrt chassi för ökad mobilitet. Utökad forskning görs på kanontornets 
styrsystem för att hitta det mest effektiva och fortfarande tillförlitliga styrsystem om 
cykelskippning införs över alla beräkningar för sparande av prestanda. 

Häri är en fullständig konstruktion av nämnda kanontorn och djupgående förklaring av 
relevant teori. Slutprodukten kan följa ett förbestämt objekt med en distinkt och homogen 
färg, med pålitlig säkerhet och klarar av att ta användardefinierade handlingar grundade 
på den givna informationen. Cykelskippning för att spara prestanda bevisas genom 
statistiska tester inte vara en effektiv metod. 
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1 INTRODUCTION 

1.1 Background 

Computers are in a sense blind. They will only act on given input from e.g. keyboards, 
computer mice or sensors. To give them vision as we humans perceive it and make it to 
a source of eligible input may open up a wide array of opportunities. A way to make this 
possible is by using a camera to capture images and together with different algorithms 
define objects, motion and other types of relevant information. Using this, the computer 
may then act according to instructions.  

Examples of possible usage areas are: Identifying different parts in an automated 
production line, more aware security cameras and traffic enforcement cameras.  

To achieve this, Feature detection is used. Feature detection is a field in computer 
science where images are processed to find specific features in an image. Examples may 
be to find edges, corners and blobs1. This is already a reality in many different fields. 
Two of these are facial recognition found in the social network Facebook (1) or different 
military uses (2). 

An inspirational project was the Pixy Kickstarter (3)  which was a collaboration of 
Charmed Labs (4) and CMUcam (5). They created a small turret able to track many 
multiple items using color tracking at a very quick speed, see Figure 1. This was created 
to give the populous a “small, fast, easy-to-use, low-cost and readily-available vision 
system.”  

 
Figure 1: The Pixy 

 

 

                                                      
1 A region in an image that differ in properties. (27) 
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1.2 Purpose 

The aim is to explore the ways a computer can act upon information. Specifically in this 
thesis, information through a camera’s live feed is explored.  

The ideal vision is that the user will be able to interact with the robot in the many different 
ways that people use to interact with each other (visual motions, speech). Specifically in 
this thesis the goal is to build a tracking turret, which is a tower with two rotating axes, 
with the ability to find and direct itself toward a pre-specified object. To further increase 
mobility the turret is mounted on a wheel-based chassis with DC-motors.  

An additional purpose is to research efficient algorithms in controlling the turret with the 
information from the camera.  Some discussed questions are: 

 What kind of control system should be used and what parameters will be used? 
 Does skipping a proportion of cycles with calculations increase performance in 

terms of speed? 

1.3 Scope 

A tracking turret is made and with the usage of a camera module it identifies a specified 
object in a chaotic environment and directs and lights a laser towards it. An object must 
have an intense and homogeneous color. The color may be changed by the user during 
runtime. 

Limits include: 

 The surroundings may not be in the same color as the tracked object as it will not 
allow the program to discern the tracked object. 

 A limited range. As object move away from the camera, they shrink in the image 
and after a certain distance there is no way to discern the object from static.  

 A constant lighting. If it changes, the perceived color will change, and thus the 
tracked object will no longer be the same, predefined, color. 

 The construction has no specific conditions on durability or construction strength.  

1.4 Method 

The setup 

The core material used is a turret with two servos, a Raspberry Pi 2, a camera module, 
laser module and a pre-built movable base (6). Other items may occur and will be 
specified as they are used. 

A turret with two movable axes is constructed as a CAD-model and 3D-printed. To move 
said axes two servos are used and are controlled by the Raspberry Pi 2. A camera and a 
laser module are placed parallel on the head of the turret. Concept construction is as 
shown in Figure 2: Early Construction Concept (CAD) 
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Figure 2: Early Construction Concept (CAD) 

Feature detection 

Using color tracking from OpenCV (7) a specified object will be found in an image. Every 
frame taken from the camera is converted from RGB to HSV. A pre-defined color filter will 
be applied and then the program looks for the largest area. This area is the target. 

Translation into movement 

Coordinates will be calculated from the middle of the picture to the middle of the target. 
A control system based from continuous updates of the object’s position in the picture, 
the computer will move two servos to direct the camera toward the target. When the 
camera is in place, the laser will fire to confirm that the target is found. 
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2 THEORY 

2.1 Colors 

Many different color models exists and in this thesis two are used, HSV and RGB.  

RGB is an additive color model based on the three colors Red, Green and Blue. The frames 
produced by the camera will be in this color model. The three values range from 0 to 255 
in RGB32 format used in modern computers. 255 in all three gives white and 0 in all three 
gives black. All different combinations in between will each result in a unique color. (8) 

HSV is simpler when tracking a color as it separates light from color and gives less noise 
in its information; Explanatory image in Figure 3. 

 

 
Figure 3: HSV color model (9) 

HSV stands for Hue, Saturation and Value. Hue is the color (red, green, blue, yellow). Hue 
is measured in degrees from 0-360° representing different colors. Saturation is 
colorfulness relative to its own brightness where saturation 0 is grey and saturation 1 is 
colorful. Value is the departure from black where value 0 is black and value 1 is brightest. 
(10) (11) 

2.2 Image processing 

Digital images are a way to represent a picture using computer graphics. The two most 
common types are vector and raster images. Vector images are where colors are defined 
by a point with direction, length and color values. Raster images are matrices with color-
values where every element represents a pixel. In RGB 16 bit model this is a matrix where 
every element has 16 bit, where the first 4 bits represents red, next four blue, green and 
finally alpha values. All images in this thesis are assumed to be raster. (12) 

 

2.2.1 Suzuki85 Algorithm 

Suzuki85 is an algorithm proposed 1983 by Satoshi Suzuki and Keiichi Abe. The purpose 
is to detect structures in a digital image. It utilizes border following on a binary image2. 
Scan the image with TV-raster, interrupt when a pixel is found which satisfies as starting 
point and then follow around this border. This is used as an OpenCV function when finding 
and defining contours in an image. (13) 

 

                                                      
2 Images with only two color values; color or no color. 



 5 

2.2.2 Canny86 Algorithm 

This algorithm is used in this report’s shape tracking as an OpenCV function. It finds edges 
in a gray-scale image and was proposed 1986 by John F. Canny. This algorithm has 
multiple steps such as preparatory filtering and has been improved on by many since 
then, but the basic method is to prepare the image using a Gaussian filter and then 
calculate vertical, horizontal and diagonal gradients for every pixel based on how strongly 
the color changes. Example can be seen in Figure 4. (14) 

 

 
Figure 4: Example of Canny edge detector. (15)





 7 

3 DEMONSTRATOR 

3.1 Problem formulation 

Five main problems are to be solved: 

1. Identifying an object from a live camera feed and information about its position 
in the image. 

2. Translate said position into movement for the turret. 
3. Construct a turret. 
4. Set up the construction on the Robot Chassis. 
5. Define algorithms for movement of Robot Chassis. 

3.2 Complete Material List 

 1 x Custom-made turret 
 1 x Raspberry Pi 2 Model B 
 1 x Raspberry Pi Camera Module 
 1 x Kingduino Compatible 5V 650nm PCB Laser Diode Module 
 2 x Parallax Standard Servo (900-00005) 
 1 x Rover 5 Tracked Robot Chassis 
 1 x L293D Motor Controller 
 1 x 5V, 2.1A Battery pack 
 1 x 9V Battery pack 

3.3 Software 

Throughout the report Python2 with OpenCV 3.0.0 –beta will be used as it is one of the 
largest, most used and free computer vision libraries (16). OpenCV is compatible with C, 
C++, Java and Python2 where Python2 is chosen due to our preference.  For CAD, Solid 
Edge ST6 was used due to availability.  

The general flow of the tracking algorithm can be seen in Figure 5. 
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Figure 5: Simplified flowchart of program structure. 

3.3.1 OpenCV functions 

The image processing algorithms will be supplied by the free software OpenCV.  

OpenCV was started at Intel 1998 as a tool to deal with image processing. As of today it is 
a project under the consulting division itseez and is widely used by students and 
researchers. (7) It has a multitude of functions but only a few are needed to achieve the 
defined result and are explained in this section and in Appendix A. For more information 
refer to the OpenCV reference. (16) 

Canny  

This function is used in finding all edges in an image using the Canny86 algorithm defined 
in theory. The input is an image and a lower and upper threshold, and the output is a 
binary image with all edges set to white, example can be seen in Figure 5. The thresholds 
are used in defining which kind of edges is sought where a pair of low thresholds accepts 
very soft edges (gradients) and a high accepts only strong edges. (14) 

findContours 
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This function uses the Suzuki85 algorithm, defined in theory, to find all contours in an 
image. It raster scans a binary image, finds a border and follows around it. Contours are 
defined as a curve joining all continuous points along the boundary having the same color-
values.  

The necessary input of this function is: Image to analyze and which method to use. The 
one used in this report is CV_CHAIN_APPROX_SIMPLE. This simplifies the process by 
compressing horizontal, vertical and diagonal segments and only approximate from their 
endpoints. Other methods are CV_CHAIN_APPROX_NONE, which stores all contour points, 
CV_CHAIN_APPROX_TC89 and CV_CHAIN_APPROX_KCOS which applies flavours of the 
TehChin89 Algorithm. (17) Simple time-tests were made and this concluded that 
CV_CHAIN_APPROX_SIMPLE was marginally faster3 and no visible difference in 
dependability on finding the correct contour was noticed.  

This function will return all different contours found in the image and later these are used 
to calculate areas and finding the largest one (13).  

3.3.2 Raspberry’s software 

The operating system used to control the Raspberry is Rasbian which is an unofficial port 
of Debian wheezy armhf. (18) This is the operating system recommended by Rasperry 
Foundation. (19) 

ServoBlaster 

The Raspberry Pi 2 has two PWM-outputs which are used to control the servos. But early 
attempts resulted in very jittery behavior as the PWM-signal is not completely stable. A 
way around this is to emulate a PWM-signal through digital I/O pins using the free 
software Servoblaster. The limitation is the resolution of the steps as ServoBlaster can 
only handle pulses in steps of 10 µs and all pulses in between will be rounded down. This 
is not an issue as the angular resolution of the servos used is 20 ms (20). 

3.3.3 Create tracking 

Motion Tracking 

The first part was to find a specific object in a picture. Different kinds of functions were 
used from the OpenCV library, mainly motion tracking, shape tracking and color tracking. 
Motion tracking took two frames from the live feed and took the absolute difference 
between the two as seen in Equation 1.  

                               |�̅� − �̅�| = 𝐶̅    (1) 

 

This created the requirement that the tracked object needed to be moved, which was not 
defined in the scope and was therefore discarded.  

 

 

                                                      
3 Average time computing findContours on a 640x420 pixel image on a Raspberry Pi 2 Model B for the different 
methods: 
CV_CHAIN_APPROX_SIMPLE: 0.0092 s 
CV_CHAIN_APPROX_TC89: 0.0094 s 
CV_CHAIN_APPROX_KCOS: 0.0095 s 
CV_CHAIN_APPROX_NONE: 0.0103 s 
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Shape Tracking 

Shape tracking is to find an object based on its shape. This was a method that gave a 
working prototype but was later discarded due to the requirement of a constant shape, 
which was not defined in the scope.  

The following method works but can be very unreliable depending on its use since it 
depends on the target having more or less the same shape no matter how it is orientated. 
In other words, the targets need to be looking directly at the camera at all times. To 
achieve one form of shape tracking the following method is used. 

The target for this method was a black square on a white paper. First prepare the image 
by converting the captured frame to gray scale and apply a Gaussian blur filter to filter 
out noise. Use Canny edge detector on the blurred image where the result is a binary 
image where all edges are highlighted.  

To extract information of the shapes the OpenCV function findContours was used which 
extracts all contours in the image. A contour of a simple box can be very complex when 
interpreted by a computer and this method is based on counting the edges. So to simple 
it down a contour approximation was used through the function approxPolyDP. A square 
object is in this program determined to have 4-6 edges. Often more than one object are 
found to fulfill that criteria, so to find the sought square a comparison of the aspect ratio 
of the edges where a square has an aspect ratio of 1:1. A rectangular box is made around 
the contour with the function boundingRect. This rectangle holds information of width, 
height and position in image. Using the width and height the aspect ratio is calculated 
using Equation (2). To allow imperfections the aspect ratio need only be within a 
threshold of ± 20%.  

            𝐴𝑠𝑝𝑒𝑐𝑡 𝑅𝑎𝑡𝑖𝑜 =
𝑊𝑖𝑑𝑡ℎ

𝐻𝑒𝑖𝑔ℎ𝑡
    (2) 

To make sure the acquired target is the predefined black square a solidity check is done 
inside the resulting contour. This is possible to do since the searched target is a solid black 
square and therefore no edges should exist inside the targeted square. By first calculate 
the area of the target with contourArea and also calculate the convex hull of the target 
area with contourArea(convexHull) the solidity can be calculated. A convex hull can be 
explained as putting a rubber band around the area and squeeze together all the empty 
space (in this case other edges) to get solid area. By using Equation (3) the solidity of the 
targeted square is calculated. A threshold of 0.9 is used for a little flexibility.  

         𝑆𝑜𝑙𝑖𝑑𝑖𝑡𝑦 =
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎

𝐶𝑜𝑛𝑣𝑒𝑥 𝐻𝑢𝑙𝑙 𝐴𝑟𝑒𝑎
      (3) 

When all this is done the target is confirmed and now the center point of the target is 
obtained from the boundingRect rectangle. The result of the shape tracking can be seen 
in Figure 6. 
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Figure 6: The left picture is Cannyfiltered. The right image is with tracking applied. The black square on the white paper is 

now being tracked. 

 

Color Tracking 

Color tracking gave the ability to decide on a color range, filter away all but the defined 
object’s color. This gave the single requirement on a well discernable color, which could 
be fulfilled. Therefore color tracking was chosen as tracking method.  

To extract the necessary information from the picture contours are defined using OpenCV 
functions. From these found contours the largest area is calculated and defined as the 
target. A vector is drawn from the middle of the picture to the middle of the target using 
the respective (x,y) coordinates from the picture as seen in Figure 7.  

 
Figure 7: The left image is colorfiltered to only allow the color of the blue card. The right image with tracking 

applied. The program now tracks the color of the blue card. 

 

Object identification summed up in steps as follows:  

1. Capture a frame from the camera. 
2. Convert the frame from RGB to HSV. 
3. Apply a filter on the maximum and minimum allowed HSV-values. 
4. Use findContours to find all contours in the filtered image. 
5. Choose the contour with the largest area. 
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6. Get the coordinates of the contour using minEnclosingCircle and calculate the 
target vector. 

7. Repeat 

 

The color-tracking is very delicate as any kind of disturbance in the lighting, angle or 
distance of the object will change the color perceived by the camera. This may generate 
an amount of disturbances where the program, in single frames, finds objects in the 
picture that the algorithm decides to more likely be the target.  

Finally a control system will be applied to allow the robot to direct itself with good 
performance. 

 

Control System 

A control system was needed to aim in on the target with as much speed as possible and 
as little instability as possible. A research then started on finding the most efficient PID-
controller.  

A PID-controller has three parts: Proportional (Kp) where the output depends 
proportionally on the current error, Integral (Ki) where the output is proportional to the 
magnitude and duration of the error and finally Derivative (Kd) which is proportional to 
the current change of the error. 

A pseudo Python2 code may look like this: 

    def PID (current_value): 
        error = set_point - current_value 

        P_value = Kp * error 

        D_value = Kd * (error - Derivator) 

        Derivator = error 

        Integrator = Integrator + error 

        I_value = Integrator*self.Ki 
        modified_value = P_value + I_value + D_value 

        return modified_value 

 

The system has need of speed to direct itself quickly, but is not sensitive to static errors 
as the angular resolution of the servos is a much more prominent limiting factor. 
Therefore the Integral part is removed and a PD-regulator is chosen. This is as the Integral 
part is mainly to remove static errors but produces overshoot which will slow the system. 
(21) 

To find a good starting point the Ziegler-Nichols method (22) is used. In short:  

 Set Ki and Kd to zero.  
 Find the Kp = Ku which gives a constant oscillation with a period Tu. 
 For a PD-regulator: Kp = 0.8Ku, Ki = 0, Kd = Kp*Tu/8, 
 This is a good start before fine tuning. 

Tests gave a Tu ≈ 1 second and Ku ≈ 0.055. This gives: Kp = 0.044 and Kd = 0.0055 

This did not give satisfying results as the tracking had a much too large overshoot caused 
by a delay on its reactions to movements. This delay was theorized to be created by the 
limited computing power combined with the complexity of algorithms. A theory was 
produced that if some cycles skipped the computing process, and the last calculated 
vector was arbitrarily used instead this would decrease the delay in the system and 
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therefore improves the tracking speed. If cycle skipping was introduced the constants Kp 

and Kd changed.  

A series of tests were prepared where the system was to find a target, with different 
values on proportion of cycles skipped, Kp and Kd.  

3.3.4 Statistical experiments on cycle skipping. 

The camera module is set to capture 30 pictures per second but due to some delays in the 
system the actual framerate the python handles varies depending on the current 
computing time. Three variables were to be tested. Cycles skipped (CS hereafter), Kp and 
Kd. CS varied between 0 and 80% as beyond these limits the optimal solution was 
determined not to be found. As CS increases, the program can no longer follow the target 
reliably. The following method is used: 

1. Increase CS. 
2. Find a starting point using Ziegler-Nichols method. 
3. Take 8 tests with different variations of Kp ± 3 and Kd ± 3. 
4. If any time is better than the current best, set this as new starting point. 
5. Repeat step <3> until no better times are found. 
6. Save time and values. 
7. Repeat step <1> until the full range of CS is calculated.  
8. The result is the most efficient control system for different CS. 

The test is semi-automatic where every part-test takes maximum 5 seconds. 10 series 
tests were made on each CS to give more dependable values and the data can be seen in 
Appendix 2. 

The tracked object was a 54x86mm card placed 80 cm away from the camera and in the 
corner of the image with the long side directed down.  

To define when the target is found can be very subjective, so in this test this was defined 
as having both x and y component of the target vector less than 30 pixels on the screen 
for 30 frames. This created a time delay on every test but as all tests have the same rules 
and only thing investigated is difference between the results, this is acceptable.   

  

Turret and chassis movement 

Two servos control the turret in x- and y-axis. These motors have no way of discerning 
where they or the target may be and will only blindly move from given commands. The 
direction the servos should move is determined by the two components of the target 
vector (x, y) and is updated every frame.  

When the length of the target vector start to approach zero, the target is determined to be 
found and the laser will fire. 

If the target is lost the turret will follow the last calculated target vector for a number of 
frames and if the target is not found the turret will reset to a pre-determined starting 
position. 

The chassis movement is dependent on the state of the targeted object.  

 If the area of the target is smaller than X pixels the chassis will move forward to 
get closer to the target.  

 If the area of the target is larger than Y pixels the chassis will move backwards. 
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 If the x-axis servo’s position approaches its limits, 0° and 180°, the chassis will 
rotate to compensate. This allows the robot to rotate fully.  

3.4 Electronics 

The electronics to be controlled in this thesis, excluding the Raspberry Pi 2, are two servos, 
two DC motors and a laser module. These will respectively allow the construction to both 
move the turret, the chassis and fire the laser.  

The complete schematic can be seen in Figure 8.  

 
Figure 8: The complete schematic modeled in the free software Fritzing. (23) 

3.4.1 Platform 

Raspberry Pi 2 Model B 

The developers responsible for the Raspberry Pi boards are the Raspberry Pi Foundation. 
Founded in 2009 this charity is to promote the study of low level computer science. The 
problem they sought to solve was the decline of programming interested students and 
created the board to allow students to more easily access a lower level of computing. (19) 
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Three important aspects played a role in deciding the platform: processing power, the 
available camera and the price. The Raspberry Pi 2 fulfills these demands with a 900MHz 
quad-core ARM Cortex-A7 CPU, 1 GB RAM and an available camera module for an 
affordable price.  

To control the other electrical components the Raspberry’s GPIO pins are used.  40 of these 
are available and those used in this thesis are Ground, 5V, PWM and digital pins. 

Digital pins give a binary current/no current signal and are used in turning things on/off, 
e.g. the laser module. PWM gives a square pulse with controllable frequency and are used 
to vary the mean voltage to a component. Usage areas may be to control servos or dim 
LEDs.  

Raspberry Pi Camera Module 

This component uses the Raspberry Pi’s own camera port which allows the system to 
capture a live feed with significantly less processing power needed than with a webcam 
connected through the USB-port. It also had a high quality camera with 1080p on 30 FPS 
for a price within the given scope. (24) (19) 

3.4.2 Servos 

Two servos are used, one for each axis of rotation (x,y) on the turret. They are of the type 
Parallax Standard Servo (900-00005) with the working angle is 180° and a working 
voltage of 4-6 VDC. The angular resolution is 20 ms. 

They have three in/outputs, power, ground and a control signal. The control signal is an 
electric pulse where the length of the pulse defines the position of the servo. The range of 
the pulse length is 0.75 to 2.25 ms where 0.75 ms equals to the angle 0° and 2.25 ms equal 
to 180°. Everything in between 0.75-2.25 ms is linearly distributed between 0° and 180°. 
To maintain the position a continuous signal is needed. (20) 

3.4.3 Laser Module 

The laser module has a working voltage of 5V and a wavelength of 650 nm, which 
responds to a red laser. It has three in/output pins, power, ground and a control signal. 
The control signal is binary on/off 5V but can be controlled through PWM to vary light 
intensity.   

3.4.4 Robot Chassis  

The two tracks are controlled by two separate brushed DC motors with 7.2 V rated voltage 
and a supplied battery pack with 9 V. To control these, a L293D motor controller is used. 
The chassis is supplied as in Figure 9. 

 
Figure 9: The chassis 
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3.4.5 L293D motor controller 

An L293D motor driver circuit is used to control the DC motors on the robot chassis.  It is 
a double h-bridge with built-in diodes to protect the circuit. Three input signals exist for 
each motor, where different digital signals tells the motor to stop, go forward or reverse. 
Four pins are connected to ground, one 5 V powers the logic and one 9 V powers the 
motors.  

 

3.5 Hardware 

The turret was modeled in Solid Edge and then 3D-printed. The components are designed 
to be easily 3D-printed without any overhangs. Easily 3d-printed is a model that is not 
unnecessary large, no high resolution details and no angle larger than 45° to prevent the 
need for support material. All different components are conjoined with screws.  The 
material used for the components is PLA filament but no specific requirement is placed 
on the material. The final construction concept can be viewed in Figure 10. 

 
Figure 10: The complete rendered model in Solid Edge 

3.6 Results 

The turret can follow a moving target and keep the object in the center of the image 
although the result may deteriorate if the speed of the target is too high as the turret will 
not be able to keep up. It is also able to move the chassis to follow and back off with a 
speed of 1km/h when the target has a too big or small area on the image. It can also rotate 
depending on the position of the servos.  
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Color tracking is a determined to be a reliable way of finding a specific object in a chaotic 
environment as long as the pre-defined color spectrum is correct.  

The statistical experiment shows that introducing cycleskips does not make the system 
more efficient and the resulting average time to find a target for different cycleskips can 
be seen in Figure 11. Other resulting data can be seen in Appendix 2. 

Resulting control system is a PD controller with Kp = 0.031 and Kd = 0.128 and with no 
cycleskip.  

 
Figure 11: Recorded time for different cycleskips 
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4 DISCUSSION AND CONCLUSIONS 

4.1 Discussion 

The thesis went well according to expectations with problems only being the sensitivity 
of color tracking and the inefficiency of the program.  

Cycleskip experiment 

Our theory about skipping cycles in order to decrease the delay in the system proved to 
be a naïve approach. Skipping cycles will not make calculations faster but will only stop 
the system from calculating an amount of the time and thus creating another delay. 

Why did we perceive the tracking to be better when using cycleskips? This was as it is 
very subjective what reliable tracking is and when using cycleskips the tracking appeared 
quicker, but was also much more unstable in terms of overshoot and stability which we 
did not notice.  

One may want different control systems when doing different kinds of tracking. If the 
target is static the quickest is a more “defensive” system with low speed and almost no 
overshoot, but the faster the target moves a more “aggressive” control system should be 
implemented to match the speed.  

When using this construction we use a more aggressive control system as it manages to 

follow quicker movements.  

Color sensitivity 

Perceived color changes throughout the day, with how the sun moves, the color of the 
walls and much more. Every time the construction was moved to a different place or 
started during a later time the tracked color had to be modified manually. It is possible 
that one may work around this by compensating the constant change of color, but this 
would require a way for the computer to know exactly how the color changes with time. 
If the construction would be placed in a room where all sources of light were controlled 
and constant color tracking may work flawlessly but if it’s supposed to work in a system 
where the sun is ever present color tracking is very unreliable.  

Shape tracking did work, but this required a specific unwavering shape which, in the end, 
made it less reliable than color tracking. But this is subjective to the specifics of what and 
where one should track. It would maybe be possible to use perfectly round spheres as that 
shape does not change from different viewing angles.  

Inefficiency 

The program takes a picture, calculates the movement and moves the servos. Every 
moment in the calculation step makes the information from the picture less reliable.  

A more realistic approach than cycleskips that we did not have time to implement was to 
write the program in the programming languages C or C++ which are both supported by 
OpenCV. Although the different functions of OpenCV are actually run in C/C++ when one 
calls them (7), all the outlying code may slow things down.  

Other things possible: 

 To make the captured image smaller, but this is on the expense on making the 
resolution of which objects can be tracked smaller.  
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 Change the quality of the image using camera settings, but this also suffers from 
above said problem.  

 Use a more powerful or specialized hardware instead of the Raspberry Pi 2. 

4.2 Conclusions 

To track objects in an image based on color is a very good method if the lighting is stable, 
if not shape tracking may be an alternative if the object’s shape does not change. Tracking 
in general needs quick computing time to not spoil the information of every taken picture. 
Cycleskips is not a reliable method to make a program more efficient and this was only 
perceived to be a better solution.  
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5 RECOMMENDATIONS FOR FUTURE WORK 
 

A system revolving around live feed tracking is in need of efficiency in its program to 
minimize delays. The system built in this thesis did not have this first in mind. A 
recommendation is to use the most efficient programming language for this kind of task. 

Do consider what the tracking is meant for. This thesis tells that color tracking is very 
reliable as long as the lighting is constant. But if this is not the case and you are not able 
to modify the tracked color values real time do reconsider your tracking method.  

The construction in this report may be used in many different ways than the one 
discovered. Potential projects one may be to automatically follow things, to move the 
construction with a hand-held controller, and simply to react in different ways to visual 
inputs.  
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APPENDIX A: OPENCV FUNCTIONS 
These are different functions as used in this report. For more information read the 
OpenCV reference. (16) 

countourArea 

Using an already defined contour this calculates the area using Green’s Formula. The 
input is a contour and output is an area in number of pixels. Wrong results may occur if 
the contour is self-intersected but this is not an issue as findContours will not produce 
this. 

minEnclosingCircle 

Using an array of points this function creates the smallest possible circle to fit in the 
area. The output is the center point and the radius of the circle. This is done through 
simple iterative testing.  

inRange 

A binary threshold works as follows: for every value in the image matrix a check is 
made. If the pixel’s value is less than the lower bound or higher than the upper bound, 
the pixel’s value is now black. Everything in between remains unmodified.  

This is used to filter away all colors except the desired spectrum. 

Color conversion 

The image produced by the camera is in the color-space RGB. An algorithm is used to 
convert the values of B, G and R to values of H, S and V. (16)  

arcLength 

Input is a curve and if it is a closed curve. It returns length of the curve.  

ApproxPolyDP 

Input is a curve, and a parameter deciding the maximum distance between the original 
curve and its approximation. This function approximates a curve using the Douglas-
Peucker algorithm. (25)The output is a simplified approximated curve.  

BoundingRect 

Using a series of points this function calculates the minimal bounding rectangle. This 
returns a CvRect which is a struct that holds information on position in image, width and 
height. 

ConvexHull 

This function finds the convex hull from a series of points using the Sklansky82 
algorithm with the complexity O(N logN). (26)    
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APPENDIX B: COLLECTED DATA FROM STATISTICAL 

TESTS 
Time = 2.04851603508, P= 0.03, D= 0.128, I= 0, CS= 04 

Time= 2.01480007172, P= 0.03, D= 0.131, I= 0, CS= 0 

Time= 2.0475230217, P= 0.033, D= 0.128, I= 0, CS= 0 

Time= 2.04190087318, P= 0.033, D= 0.125, I= 0, CS= 0 

Time= 1.99304103851, P= 0.033, D= 0.122, I= 0.0, CS= 0 

Time= 2.00596284866, P= 0.03, D= 0.131, I= 0, CS= 0 

Time= 2.00685286522, P= 0.03, D= 0.131, I= 0.0, CS= 0 

Time= 2.02025699615, P= 0.033, D= 0.125, I= 0, CS= 0 

Time= 2.06968903542, P= 0.03, D= 0.128, I= 0, CS= 0 

Time= 2.02338814735, P= 0.03, D= 0.131, I= 0, CS= 0 

Time= 2.13998508453, P= 0.022, D= 0.137, I= 0, CS=0.2 

Time= 2.15317702293, P= 0.022, D= 0.137, I= 0, CS= 0.2 

Time= 2.20754504204, P= 0.022, D= 0.137, I= 0, CS= 0.2 

Time= 2.19357204437, P= 0.022, D= 0.137, I= 0, CS= 0.2 

Time= 2.20530676842, P= 0.022, D= 0.137, I= 0, CS= 0.2 

Time= 2.12991094589, P= 0.025, D= 0.134, I= 0, CS= 0.2 

Time= 2.1893889904, P= 0.022, D= 0.131, I= 0, CS= 0.2 

Time= 2.1872010231, P= 0.019, D= 0.137, I= 0, CS= 0.2 

Time= 2.24569892883, P= 0.019, D= 0.134, I= 0, CS= 0.2 

Time= 2.1376991272, P= 0.022, D= 0.134, I= 0, CS= 0.2 

Time= 2.27794408798, P= 0.019, D= 0.137, I= 0, CS= 0.25 

Time= 2.24083900452, P= 0.022, D= 0.134, I= 0, CS= 0.25 

Time= 2.24579906464, P= 0.022, D= 0.134, I= 0, CS= 0.25 

Time= 2.23442101479, P= 0.019, D= 0.134, I= 0, CS= 0.25 

Time= 2.21612119675, P= 0.022, D= 0.128, I= 0, CS= 0.25 

Time= 2.26303195953, P= 0.019, D= 0.134, I= 0, CS= 0.25 

Time= 2.25405192375, P= 0.016, D= 0.137, I= 0, CS= 0.25 

Time= 2.23190689087, P= 0.016, D= 0.134, I= 0, CS= 0.25 

Time= 2.18169283867, P= 0.022, D= 0.134, I= 0, CS= 0.25 

Time= 2.20424008369, P= 0.022, D= 0.131, I= 0, CS= 0.25 

Time= 2.29291701317, P= 0.016, D= 0.134, I= 0, CS= 0.33 

Time= 2.23765897751, P= 0.022, D= 0.131, I= 0, CS= 0.33 

Time= 2.28566193581, P= 0.019, D= 0.128, I= 0, CS= 0.33 

Time= 2.247205019, P= 0.022, D= 0.131, I= 0, CS= 0.33 

Time= 2.22907209396, P= 0.019, D= 0.131, I= 0, CS= 0.33 

Time= 2.37504005432, P= 0.019, D= 0.131, I= 0, CS= 0.33 

Time= 2.21409797668, P= 0.019, D= 0.134, I= 0, CS= 0.33 

Time= 2.27636003494, P= 0.022, D= 0.134, I= 0, CS= 0.33 

Time= 2.29126596451, P= 0.019, D= 0.131, I= 0, CS= 0.33 

Time= 2.30153918266, P= 0.016, D= 0.137, I= 0, CS= 0.33 

Time= 2.26795482635, P= 0.022, D= 0.128, I= 0, CS= 0.5 

Time= 2.20935201645, P= 0.025, D= 0.131, I= 0, CS= 0.5 

Time= 2.25177979469, P= 0.022, D= 0.131, I= 0, CS= 
0.5
  

Time= 2.24366998672, P= 0.022, D= 0.131, I= 0, CS= 0.5 

                                                      
4 P = Kp, D = KD. I is not used.  

Time= 2.24999022484, P= 0.022, D= 0.125, I= 0, CS= 0.5 

Time= 2.28584885597, P= 0.022, D= 0.128, I= 0, CS= 0.5 

Time= 2.22950482368, P= 0.025, D= 0.122, I= 0, CS= 0.5 

Time= 2.17234706879, P= 0.025, D= 0.134, I= 0, CS= 0.5 

Time= 2.12761998177, P= 0.025, D= 0.134, I= 0, CS= 0.5 

Time= 2.27642393112, P= 0.022, D= 0.131, I= 0, CS= 0.5 

Time= 2.3973710537, P= 0.019, D= 0.125, I= 0, CS= 0.66 

Time= 2.36897993088, P= 0.025, D= 0.125, I= 0, CS= 0.66 

Time= 2.44606995583, P= 0.022, D= 0.125, I= 0, CS= 0.66 

Time= 2.329600811, P= 0.025, D= 0.131, I= 0, CS= 0.66 

Time= 2.39597797394, P= 0.025, D= 0.125, I= 0, CS= 0.66 

Time= 2.42970395088, P= 0.019, D= 0.131, I= 0, CS= 0.66 

Time= 2.3057141304, P= 0.025, D= 0.128, I= 0, CS= 0.66 

Time= 2.420347929, P= 0.025, D= 0.122, I= 0, CS= 0.66 

Time= 2.29287195206, P= 0.025, D= 0.128, I= 0, CS= 0.66 

Time= 2.33081293106, P= 0.025, D= 0.131, I= 0, CS= 0.66 

Time= 2.90554904938, P= 0.016, D= 0.131, I= 0, CS= 0.75 

Time= 2.90447497368, P= 0.016, D= 0.134, I= 0, CS= 0.75 

Time= 2.92882990837, P= 0.016, D= 0.137, I= 0, CS= 0.75 

Time= 2.7581949234, P= 0.016, D= 0.14, I= 0, CS= 0.75 

Time= 2.9230670929, P= 0.016, D= 0.134, I= 0, CS= 0.75 

Time= 2.90534305573, P= 0.016, D= 0.134, I= 0, CS= 0.75 

Time= 2.91504716873, P= 0.013, D= 0.131, I= 0, CS= 0.75 

Time= 2.92522096634, P= 0.013, D= 0.137, I= 0, CS= 0.75 

Time= 2.9003059864, P= 0.016, D= 0.134, I= 0, CS= 0.75 

Time= 2.79568696022, P= 0.016, D= 0.137, I= 0, CS= 0.75 

Time= 3.06893396378, P= 0.013, D= 0.137, I= 0, CS= 0.8 

Time= 3.05575609207, P= 0.013, D= 0.134, I= 0, CS= 0.8 

Time= 3.07188892365, P= 0.013, D= 0.137, I= 0, CS= 0.8 

Time= 3.06465792656, P= 0.013, D= 0.14, I= 0, CS= 0.8 

Time= 3.02869009972, P= 0.013, D= 0.143, I= 0, CS= 0.8 

Time= 3.03503203392, P= 0.013, D= 0.134, I= 0, CS= 0.8 

Time= 3.06167697906, P= 0.013, D= 0.134, I= 0, CS= 0.8 

Time= 3.06969094276, P= 0.013, D= 0.14, I= 0, CS= 0.8 

Time= 3.07097291946, P= 0.013, D= 0.137, I= 0, CS= 0.8 

Time= 3.07157993317, P= 0.013, D= 0.14, I= 0, CS= 0.
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Standard deviation of the tests: 

CS 0 P 0 D 0 CS 0.2 P 0.2  D 0.2 

0.023891 0.0015492 0.0031623 0.037487 0.0017029 0.0021213 

CS 0.25 P 0.25 D 0.25 CS 0.33 P 0.33 D 0.33 

0.028476 0.0024698 0.0026268 0.046426 0.0022136 0.0025298 

CS 0.5  P 0.5  D 0.5 CS 0.66 P 0.66  D 0.66 

0.049426 0.0015492 0.0038079 0.054293 0.0025495 0.003178 

CS 0.75 P 0.75 D 0.75 CS 0.8 P 0.8 D 0.8 

0.059051 0.0012649 0.002846 0.19996 0 0.0030984 

 

 
Figure 12 



 28 

 
Figure 13 
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