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Abstract 
Colour segmentation is the most commonly used method in road signs detection. Road sign 
contains several basic colours such as red, yellow, blue and white which depends on countries.  
 
The objective of this thesis is to do an evaluation of the four colour segmentation algorithms. 
Dynamic Threshold Algorithm, A Modification of de la Escalera’s Algorithm, the Fuzzy 
Colour Segmentation Algorithm and Shadow and Highlight Invariant Algorithm. The 
processing time and segmentation success rate as criteria are used to compare the performance 
of the four algorithms. And red colour is selected as the target colour to complete the 
comparison. All the testing images are selected from the Traffic Signs Database of Dalarna 
University [1] randomly according to the category. These road sign images are taken from a 
digital camera mounted in a moving car in Sweden.  
 
Experiments show that the Fuzzy Colour Segmentation Algorithm and Shadow and Highlight 
Invariant Algorithm are more accurate and stable to detect red colour of road signs. And the 
method could also be used in other colours analysis research. The yellow colour which is 
chosen to evaluate the performance of the four algorithms can reference Master Thesis of 
Yumei Liu. 
.
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Chapter 1 Introduction 
 

1.1 Background 
 

Road and traffic signs are one kind of traffic control devices which play important role in  
people’s daily life. Traffic sign with its shape, color, pattern and text forming a transport 
language to provide information to all road users and exchange. They are used to control the 
traffic, indicate the travel direction, and guarantee a clear road and driving safety. 

Due to the above reasons, the ability to recognize road and traffic signs correctly and 
quickly is very important to ensure the safe for the drivers and the passengers. It is also 
becoming an important part in Intelligent Transport Systems (ITS) [3]. 

Road Sign Recognition consists of two main stages: Detection and Recognition. The two 
stages are shown in Figure 1.1 which is constructed by Fleyeh [3]. This thesis aims to 
evaluate the performance of four color segmentation algorithms in the detection phase. The 
algorithms include Dynamic Threshold Algorithm, A Modification of de la Escalera’s 
Algorithm, the Fuzzy Colour Segmentation Algorithm and Shadow and Highlight Invariant 
Algorithm. These algorithms are most used in the detection phase. The images for the test are 
obtained from the Traffic Sign Database of the Dalarna University [1].  

The whole thesis is arranged as follow: chapter 1 describes the background of this 
dissertation; it includes the traffic signs category, the problems with the traffic sign detection, 
the reason of using the color segmentation and the objective of this thesis. Chapter 2 describes 
the four color segmentation algorithms using pseudo codes and some basic knowledge about 
color segmentation is given in this chapter. Chapter 3 presents the running environment and 
the details about the test. An evaluation of the four algorithms is presented using three 
experiments in Chapter 4. Conclusion and future work is described in chapter 5.  

 

 
Figure 1.1 A block diagram of the road sign recognition and classification [3] 
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1.2 Road and Traffic Signs 
 

Road and traffic signs in Sweden are regulated by the Swedish Road Administration, the 
rules are made for the position and the size of the signs. They also decide what colors and 
shapes are used to make the signs according to the national feature. So there are some 
different between Swedish and general European signs. The Swedish signs have a yellow or 
orange background on warning and prohibition signs instead of white color in general 
European countries. that is for enhancing the visibility of the sign beacuse of the long winter 
in Sweden [6]. 

Thus it can be seen, signs are very important to drivers but also to the road users. So signs 
must be designed to be recognized easily by road users. Their sharps and colors should be 
very different from natural environment and man-made environment which surround the 
traffic signs.  
 
Traffic signs are characterized by a number of features: 
 

• Road signs are designed, manufactured and installed according to strict regulation 
[4]. 

• They are designed in fixed 2-D shapes such as triangles, circles, octagons, or 
rectangles [5] 

• The colors of signs are chosen to contrast with the surroundings, which make them 
easily recognizable by drivers [7]. 

• The colors are regulated by the sign category [8] 
• The information on the sign has one color and the rest of the sign has another color. 
• The tint of the paint covers the sign should correspond to a specific wavelength in 

the visible spectrum [5 9]. 
• The signs are located in well-defined locations with respect to the road, so that the 

drives can, more or less, anticipate the location of these signs [8] 
• They can appear in different conditions, including partly occluded, distorted, 

damaged and clustered in a group of more than one sign [6, 9]. 
 

According to the meaning of traffic sign, Swedish traffic signs can be classified into 5 
groups [6]: 
 

1. Warning signs: 
The shape of these warning signs is triangle with red border and the yellow 
background. A graphic symbol in the interior indicates the meaning of the sign. It 
reminds people to be careful with the latent danger ahead the road. The signs warning 
for animals have a higher variation than usual in Europe. Moose, deer, reindeer and 
cow can appear. Some warning signs [6] are shown in Figure 1.2.  
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Figure 1.2 Warning signs 

 
2. Prohibitory signs: 

Prohibitory signs are round with yellow backgrounds and red borders, except the 
international standard stop sign that is an octagon with red background and white 
border and the no parking and no standing signs that have a blue background instead 
of yellow. They tell people there is something not allowed doing. Figure 1.3 shows 
this kind of signs [6]. 
 

 
Figure 1.3 Prohibitory signs 

 
3. Mandatory signs: 

Mandatory signs are always round blue background with white symbol. They control 
the actions of drivers and road users. Figure 1.4.depicts some signs in this category [6]. 
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Figure 1.4 Mandatory signs 

 
4. Signs giving information: 

These signs give the descriptive information about a section of highway or railway. 
The only Swedish diamond shaped sign is the sign informing about priority road, 
which is a road to which intersection roads have to give way. Figure 1.5 shows some 
kinds of these signs [6]. 

 

 
Figure 1.5 Giving information signs 

 
5. Other additional signs: 

There are some other signs such as the markers which indicate the distance or 
direction to bridge parapets, tunnel mouths etc. and some additional panels which add 
some specific meanings to the above four kinds of signs. Figure 1.6 shows these signs 
[6]. 
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Figure 1.6 Other Signs 

 
1.3 Problems with traffic signs 

 
Traffic signs can appear under different imaging conditions such as illumination, faded, 

different seasons and weathers etc. Those following problems will be met during the traffic 
signs detection [14]. All the images which are used in the section 1.3 are gotten from the 
Traffic Signs Database of Dalarna University [1]. 
 

• Changeful illumination: 
Illumination of the outdoor environment is changeable and uncontrollable. It changes 
along with the different time of a day, different weather conditions, and different seasons. 
Color is very sensitive to the variation of the lighting conditions. Figure 1.7 shows signs 
in different lighting conditions. The one on the left is taken in the dusk of a day and the 
right one is taken under foggy weather condition. 
 

 
Figure 1.7 Signs in different illumination 
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• Blurred 
Sometimes the sign images are taken by a camera from a moving car, the images will be 
blurred by the fast move or the vibration. This situation cannot be avoided radically. 
Figure 1.8 presents signs are blurred in those situations. 
 

 
Figure 1.8 Blurred signs 

 
• Faded 
The paint in the traffic sign react with the air when it is exposed to long periods of the 
direct sunlight. That is the main reason to cause the color of the traffic signs faded in 
several years later. It is shown in Figure 1.9  

 
Figure 1.9 Faded signs 

• Highlight 
The light from the sun or other light source is reflected by the surface of sign, if the 
reflected light goes directly to the lens of the camera, then the reflected area of the sign is 
highlight in the image. It is shown in Figure 1.10. 
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Figure 1.10 Highlight signs 

 
• Noisy 
Noise could be generated in image acquisition and transmission. Because of the 
performance of the camera sensors or other reasons, sometimes a noisy image will be 
acquired. Figure 1.11 displays this situation. 

 
Figure 1.11 Noisy signs 

 
• Physically damaged 
The signs can be destroyed by people or nature. There will be losing some information 
about these signs in detection phase. Figure 1.12 shows physically damaged signs, the left 
one has damages on the red rim and yellow interior, the right one just has the damage on 
the red rim. 

 
Figure 1.12 Damaged signs 
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• Different distances between the camera and the sign 
For the same sign, the size of the sign in image depends on the distance between the 
camera and the sign. Figure 1.13 gives two images of the same sign which are taken in 
two distances (10m and 40m). 
 

 
Figure 1.13 Sign in different distances 

 
• Similar background color 
The surrounding environment of the traffic signs can have a similar color with the traffic 
signs. This situation will confuse the desired color of the traffic signs in detection phase.. 
Figure 1.14 depicts that the color the sign on the left image is close to the sky color, and 
the red color in the ”No parking” sign is similar with color of the fence behind the sign. 
 

 
Figure 1.14 Signs in similar color background 

 
1.4 Why Color Segmentation is used for Traffic Signs 

 
As memtioned in section 1.1, color plays a central role in traffic signs dection, so color 

segmentation is used more often in the traffic detection phase. The following are some 
reasons: 
 

• The color is selected to be used according to the different enviroments. For example 
in Sweden, winter is very long, it brought heavy snow. So interior of warning signs is 
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yellow instead of white used in many other countries. Colors are chosen to make them 
to be distinguished by the drivers and the passerby. 

• Color processing can reduce the number of the error edge points produced by low-
level image processing operations [10]. 

• Colors of the traffic signs usually give enough information to be recongised the 
meaning of the traffic under consideration. Sometimes shape detection cannot do this. 
Color is easilier to be defined than shape. It can simplfy the detection phase.  
 

1.5 What is the thesis about? 
 
Colors are more useful information for the human perception, traffic signs are usually 

painted with colors contrast against the road environments. However, color information is 
sensitive to the lighting changes which occur frequently in the real scene. Therefore 
robustness of algorithms are very important to handle these porblems [2]. 

The thesis aims to evaluate the performance of four color segmentation algorithms in 
red color of traffic signs detection. All the images which are taken under different lighting 
conditions and different distances are selected from the Traffic Signs Database of Dalarna 
University[1] randomly to evaluate the robustness of all algorithms. The performance is 
judged according to the following criteria: 

• The segmentation success rate of every algorithm under every condition. 
• the maximum, minimum and average processing times and the standard deviation of 

each algorithm 
Three experiments are carried out to evaluate the performance of every algorithm using 

the above two criteria. 
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Chapter 2 Color Segmentation 
 

2.1 What is the color segmentation? 
 
Color segmentation is a procedure that produces a binary image which the desired color is 

included and removes the unnecessary part of the sign from the original image which is taken 
by a camera. In this thesis, the desired color is represented by white pixels in the output image. 
A color segmentation algorithm is used to accomplish this procedure. It should be robust 
enough to process the images which are taken in different conditions. 
 
2.2 Color segmentation algorithms 

 
In this section, four algorithms which used in the following evaluation are introduced. 

There now follows an introduction for each of them. Every algorithm is given by a pseudo 
code to explain how it works. But firstly some basic knowledge which is involved in the 
following algorithms is given as follow:  
 

1. HSV(HSB) Color Space 
The HSV color space is created in 1978 by Alvey Ray Smith; it is a nonlinear 
transformation of the RGB color space. HSV stands for Hue, Saturation and Values. 
The structure chart of this color space is presented by Fleyeh [3]. It is shown in Figure 
2.1. 

 
Figure 2.1 HSV Color Space 
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The meaning of three components is given as follows [19]: 
• Hue, the color type (such as red, blue, or yellow):  

Ranges from 0° to 360°. 
• Saturation, the "purity" of the color:  

Ranges from 0 to 1. The lower the saturation of a color, the more "grayness" is 
present and the more faded the color will appear, thus useful to define 
desaturation as the qualitative inverse of saturation  

• Value, the brightness of the color:  
Ranges from 0 to 1.  

 
The equations of converting Colors from RGB to HSV as follow [11]: 
 
The Value is given by: 
V = max (R, G, B)  
 
The Saturation is calculated by: 
S = ���(�,�,�)����(�,�,�)

���(�,�,�)
     if max(R, G, B) ≠ 0  

S = 0                                       if max(R, G, B) = 0  
 
The Hue is given by: 
H is unde�ined   if  S = 0 

H =
G − B

max(R, G, B) − min (R, G, B)
   if R = max (R, G, B) 

H = 2.0 +
B − R

max(R, G, B) − min(R, G, B)
   if G = max (R, G, B) 

H = 4.0 +
R − G

max(R, G, B) − min(R, G, B)    if B = max(R, G, B) 

 
H = 60 × H 
 
if H < 0  𝐻 = 360 + 𝐻 
 

2. The Improved HLS (IHLS) Color Space 
 
An improved version of HLS color space is created by Hanbury and Serra. This color 

space is very similar to the HLS color spaces, but it avoids the inconveniences of the other 
color spaces designed for computer graphics rather than image processing. The color 
space provides independence between chromatic and achromatic components [3]. 

The HLS color space, stands for "Hue, Saturation, Lightness". HLS is drawn as a 
double cone or double hexcone. Both systems are non-linear deformations of the RGB 
colour cube. The two apexes of the HLS double hexcone correspond to black and white. 
The angular parameter corresponds to hue, distance from the axis corresponds to 
saturation, and distance along the black-white axis corresponds to lightness [20]. 
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Both HLS and IHLS have the same definition of the hue, but not for the lightness and 
the saturation. The following equations illustrate the difference between the two different 
color spaces [3]. 

• In HLS color space  
S = 1 − �

�����
× min (R, G, B)  

L = �����
�

  
• In IHLS color space  

S = max(R, G, B) − min (R, G, B)  
L = 0.2126R + 0.7152G + 0.0722B  

 
The conversation equation in hue component in both color space is the same which is 

is calculated as follow [3]: 
 
H = θ  if B ≤ G 

 
H = 360 − θ if B > 𝐺 

Where θ = cos�� �
[𝐑−𝐆𝟐−

𝐁
𝟐]

�𝐑𝟐+𝐆𝟐+𝐁𝟐−𝐑𝐆−𝐑𝐁−𝐆𝐁
� 

 
3. The Swedish National Road Administration defined the colors used for traffic and 
road signs in CMYK color space [12]. The original CMYK values are given in Table 2.1 
[3]. 

Color Pantone C M Y K 
Light Blue 294 82 56 0 18 
Dark Blue 282 34 27 0 64 

Green 335 70 0 65 30 
Red 185 0 91 76 0 

Yellow 116 0 15 94 0 
Light Grey 444 9 0 6 47 

Orange 152 0 51 100 0 
Brown 469 0 27 32 61 

Table 2.1 Swedish standard colors 
 

The values in above table are converted into Normalised Hue and Normalised 
Saturation and are listed in Table 2.2. These values will be used in the following 
algorithms [3]. 

Color Normalised Hue[0, 255] Normalised Saturation[0,255] 
Red 250 207 

Yellow 37 230 
Green 123 255 

Light Blue 157 255 
Dark Blue 160 230 

Table 2.2 Normalised Hue and Saturation 
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4. The reflection model  
Highlight is prevalent phenomenon when a image is taken under strong light. The 

reason of arising the highlight and why the hue image cannot be affected by the highlight 
is given as follows: 

A small certain surface area of sign which is illuminated by an incident light 
with a certain Spectral Power Density (SPD) denoted e (λ) . This image is taken by a 
camera with RGB sensors characterised by their spectral sensitivities f�(λ)  for 
C={R,G,B}. The Cth sensor response of the camera is given by [14]:  

C = m�(𝐧, 𝐬)� f�(λ)e(λ)c�(λ)dλ + m�(𝐧, 𝐬, 𝐯)� f�
��

(λ)e(λ)c�(λ)dλ      (1) 

where c�(λ) and c�(λ) are the body and surface albedo respectively, λ is the wavelength at 
which the sensor responds, and n,s,v are unit vectors represent the direction of the normal 
vector to the surface patch, direction of the source of illumination, and direction of the 
viewer, respectively, the diagram of the Traffic Sign Scene is shown in Figure 2.2 [14]. 
This diagram illustrates the reason of the highlight arising.  

 

 
Figure 2.2 Traffic Sign Scene 

 
In the Eq. (1), the terms m� and m� denote the geometric dependencies on the 

body and surface reflection component, respectively [19].  
Assuming that surface albedo c�(λ) is constant and independent of the wavelength, and 

white illumination is used. Then e(λ)=e and c� (λ) which are constants. The sensors 
responses can be modified as [14]: 

C� = em�(𝐧, 𝐬)k� + em�(𝐧, 𝐬, 𝐯)c� � f�
�

(λ)dλ    for    C� = {R�, G�, B�}      (2) 

In this equation, C� is the respone of the RGB sensors under the assumption of the 
white light source, k� is given by [14]:  

k� = � f�
�

(λ)c�dλ                              (3) 

where k� is the compact formulation depending on the sensors and the surface albedo 
only. If the assumption of the white illumination holds, then [14] 
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� f�
�

(λ)dλ = � f�
�

(λ)dλ = � f�
�

(λ)dλ = f        (4) 

According to the equations (2), (3) and (4) the reflection of the surface can be given 
by[14]: 

C� = em�(𝐧, 𝐬)k� + em�(𝐧, 𝐬, 𝐯)c�f         C� = {R�, G�, B�}         (5) 
In the convertion equation of hue from RGB to IHLS color space, the Hue just relates 

with values of RGB. According to the equation (5) Hue only depends on the sensor and 
the surface albedo. And it plays a central role in the color detection. This will be seen in 
the following part. 

Table 2.3 shows the abilities of the different color models to be invariant under  
different conditions. In this table, ’Y’ denotes an invariant color model to the 
corresponding condition and ’N’ denotes the sensitivity of the color model to that 
condition [13]. 
 
Color 
feature 

Viewing 
direction 

Surface 
orientation 

Highlight Illumination 
direction 

Illumination 
intensity 

I N N N N N 
RGB N N N N N 
Nrgb Y Y N Y Y 
H Y Y Y Y Y 
S Y Y N Y Y 

Table 2.3 The effect of imaging conditions on invariance of colors 
 

2.2.1     The Dynamic Threshold Algorithm 
 

The main idea of the algorithm is to obtain a threshold according to the brightness 
of the images. When the brightness of the image is high, the global mean and the normalised 
global mean is high. And the threshold is small [14]. 
 
The algorithm is given by following pseudo code [14]: 

• To convert the RGB image into the IHLS color space and normalise Hue, 
Saturation and Luminance  to [0, 255] 

• To calculate the global image mean and normalise the global mean using the 
following equations: 

mean = �
��

∑ ∑ L(i, j)���
���

���
��� , 

Nmean = mean/256  
where m and n are the image dimensions, L(i,j) is the luminance of the current 
pixel. 

• To compute the Euclidian distance between the reference color vector and the 
unkown color vector using the following equation. The Hue and Saturation values 
of the reference color is mentioned in Table 2.2. Figure 2.3 represents the diagram 
of the Eclidian distance between the two vectors [14]. 

d = ((S� cos H� − S� cos H�)� + (S� sin H� − S� sin H�)�)�/�  
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where H�and H� is the hue angles of the reference color and unknown color 
respectively, and S� and S� is the saturation values of the reference color and 
unknown color respectively 

 
Figure 2.3 The vector model of the Hue and Saturation 

 
• To calculate the threshold using the following equation: 

thresh = e������  
• To consider each pixel in the image if d<=thresh, else it is background. 

 
2.2.2 A Modification of de la Escalera’s Algorithm 

 
This is a modified version of the algorithm described by de la Escalera. When the 

RGB is converted to IHLS color space, in order to avoid achromatic hue subspaces defined by 
Vitabile et al. [9], the maximum and the minimum of saturation are selected to be S��� = 51 
and S��� = 170 in the normalised scale. i.e.[0,255]. 
 
The algorithm is given by following pseudo code [14]: 

• To convert the RGB image into IHLS color space and normalise the saturation 
and hue to [0, 255] 

• To calculate the saturation values as follow. The saturation transfer function is 
shown in Figure 2.4 [14]: 

S��� = �
0           0 ≤ S�� ≤ S���

S��    S��� < S�� < S���
255   S��� ≤ S�� ≤ 255 

�  

 

 
Figure 2.4 Saturation transfer function 
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• To calculate the hue values as follow [14]: 
H��� = �255 H��� ≤ H�� ≤ H���

0                  otherwise
�  

 
Where for red: H��� = 245 and H��� = 10, yellow: H��� = 25 and H��� =
50, blue: H��� = 140 and H��� = 160. The Hue transfer functions for the 
three colors ia shown in Figure 2.5-2.7, respectively.  
 

  
Figure 2.5 Hue transfer function of red   Figure 2.6 Hue transfer function of yellow 

 

 
Figure 2.7 Hue tansfer function of blue 

• To generate a binary image containing the road sign with desired color using a 
logical AND between S��� and H��� 
 

2.2.3 The Fuzzy Color Segmentation Algorithm 
 
The fuzzy color segmentation algorithm published by Fleyeh [13] is carried  

out by converting RGB images into HSV color space. The HSV color space is chosen becase 
Hue is invariant under differen conditions. The property of the Hue image is refered to Table 
2.3. 
 
The algorithm is described as follow: 

• Use the normalised hue and saturation that mentioned in Table 2.2 as a priori 
knowledge 
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• To create the membership functions of Hue and Saturation using the values which 
are shown in Figure 2.8 and 2.9 [13], respectively. Because the range of Red color 
consists of two intervals (above 0 or below 255), two fuzzy variables red1 and 
red 2 are defined and another two noise1 and noise 2 are defined for the two 
regions of Hue values which are not use for the road sign detection. If any color in 
these regions, it responds by initiating a black pixel. 
 

 
Figure 2.8 Hue membership functions 

 

 
Figure 2.9 Saturation membership functions 

 
• The following seven rules and the above membership fuctions of hue and 

saturation are used to construct the FIS (Fuzzy Inference System). The whole 
fuzzy system surface is shown in Figure 2.10 [13]. 
° If(Hue is Red1) and (Saturation is Red) then (result is Red) 
° If(Hue is Red2) and (Saturation is Red) then (result is Red) 
° If(Hue is Yellow) and (Saturation is Yellow) then (result is Yellow) 
° If(Hue is Green) and (Saturation is Green) then (result is Green) 
° If(Hue is Blue) and (Saturation is Blue) then (result is Blue) 
° If(Hue is Noise1) then (result is Black) 
° If(Hue is Noise2) then (result is Black) 
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Figure 2.10 The fuzzy system surface 

 
• The ’result’ output variable is defined using the values as dipicted in Figure 2.11 

[13], the corresponding grey levels of the colors which used in the traffic sign are 
stored in the output variable. 
 

 
Figure 2.11 The output functions 

 
• To use a grey level slicing function to separate the corresponding grey levels of 

the desired colors. And generate a binary image which the grey level of pixel in 
the range of the desired color is assigned 255. Otherwise 0. 
 

 
2.2.4 Shadow and Highlight Invariant Algorithm 

 
As mentioned in the Table 2.3, hue is only component which is invariant in shadow 

and highlight conditions. According to the property of the hue image, normalised Hue is used 
as a priori knowledge to this algorithm. So this color segmentation algorithm is implemented 
by converting the RGB image into the HSV color space. 
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Because the Hue image is divided into 16x16 sub-images [14], the number of the 
white pixels in the sub-image which is exceeding a specific value is considered. So most noise 
and small objects are ignored by the algorithm. 
 
The algorithm is given by following pseudo code [15]: 

• Convert the RGB image intoHSV color space 
• Normalise the grey level of every pixel in the H image from [0, 360] to [0, 255] 
• Normalise the grey level of every pixel in the S image from [0, 1] to [0, 255] 
• Normalise the grey level of every pixel in the V image from [0, 1] to [0, 255] 
• For all pixel in the H image 

° If (H_pixel_value > 240 AND H_pixel_value<=255) OR (H_pixel_value  
>=0 AND H_pixel_value <10) 
 Then H_pixel_value = 255 

° If corresponding S_pixel_value <40 
Then H_pixel_value=0 

° If corresponding (V_pixel_value<30) OR (V_pixel_value>230) 
Then H_pixel_value=0 

• Divide the H image into 16x16 pixel sub-images 
• For every sub-image 

° Calculate number of white pixels 
° If number of white pixels >=60 

Then put a white pixel in the corresponding position in the seed 
image 

• Use seed image and H image, apply region growing algorithm to find proper 
regions with signs 
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Chapter 3 Implement and Test Details 
 

3.1 Running Environment 
The following inventory gives the application program and the running environment 

which the evaluation needs. 
 

• MATLAB R2008b [16] 
• Microsoft Windows XP 
• Intel(R) core(TM)2 CPU  1.60GHz 
• 1GB RAM 

 
3.2 The test details 

The whole thesis is accomplished by the following steps: 
• The four algorithms are implemented in the MATLAB environment [17]. 
• A certain number of images are selected from every condition or effect which are 

used in the evaluation part. All the images are selected from Traffic Signs Database of 
Dalarna University [1] randomly which are acquired by a camera from a moving car. 
The size of all the images is 640x480. In this thesis nine conditions or effects are 
chosen to evaluate the four algorithms. Table 3.1 shows the nine conditions or effects 
and the number of images for each condition. 
 

Effect No. of images 
Bad lighting 15 

Blurred 15 
Dawn 15 
Fog 12 

Highlights 15 
Noisy 15 

Snowfall 15 
Sunny 15 

Different distances 8 
Table 3.1 Nine effects and number of images in each effect 

 
• In the test part, red color is chosen as the target color in the traffic sign detection. The 

test consists of two parts. The first part is to test the first eight coditions which is 
aforementioned and record the processing times of every image is processed by 
different algorithms. After that calculate the success segmentation rate and the 
maximum, minimum and mean processing time and the standard deviation for each 
algorithm. The second is to test the images of the same sign which are taken in the 
same condition and just the distance between the camera and the sign itself is changed, 
the data is treated like the first part. 

• The processing times of Fuzzy algorithm are recorded after the first time running. 
Because loading Fuzzy module costs much time in the first time. 

• The segmentation success rate of each algorithm is calculated by the following 
equation while all the images have been processed.  
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segmentation success rate(%)=the number of the success segmentation images/ the 
number of images in that conditions. 
The success segmentation means that a complete binary object is obtained by the 
algorithm. Sometimes it may contain a certain amount of noise. Otherwise the 
algorithm is fail. Figure 3.1 illustrate the two success situations. The left one has a 
complete binary object of red and some noise while the right one has a complete 
object of red and no noise 
 

 
Figure 3.1 Two kinds of success segmentation 

 
• To evaluate the four algorithms using the above two criteria, the mean and standard 

deviation of the processing time and the success segmentation rate of each algorithm. 
And the success segmentation rate is the main evaluation criterion. 
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Chapter 4 Results and Evaluation 
 
This chapter is concerned with the evaluation of the performance of the four color 

segmentation algorithms mentioned in the previous sections. The performance of each color 
segmentation algorithm is evaluated by three experiments. In the first experiment, the 
segmentation success rate of each algorithm is evaluated by using the images taken from 
different lighting conditions. The images are selected for each lighting condition randomly. 
The second experiment is used to evaluate the time performance of each algorithm using the 
set of images which is used in experiment 1. The third is concerned with the time performance 
and the segmentation success rate using the images which are taken in different distances 
between the camera and the sign. 
 
4.1 Performance Evaluation 

 
The performance of color segmentation algorithms is evaluated by the following three 

experiments. 
 
Experiment 1: 
 

As mentioned before this experiment is carried out for the red color which is contained in 
the Swedish traffic signs. These images are used to test the segmentation success rates of four 
color segmentation algorithms. Table 4.1 shows the results of the four algorithms under the 
eight effects. The worst performance of all algorithms occurs in the fog effect and followed 
by the effect of bad lighting. The algorithms performed a little better in the effect of snowfall 
and noisy followed by the images taken under dawn and highlights conditions. The best 
performance is attained for the case of sunny images and followed by the blurred images. 
 

Effect No. of 
images 

Dynamic 
Threshold 

Modification 
de la 

Escalera 

Fuzzy. Shadow&Highlight 
invariant 

Bad lighting 15 0 0 66.7 53.3 
Blurred 15 66.7 73.3 100 86.7 
Dawn 15 46.7 53.3 66.7 73.3 
Fog 12 0 0 41.7 33.3 

Highlights 15 53.3 66.7 86.7 80 
Noisy 15 33.3 60 60 53.3 

Snowfall 15 26.7 46.7 53.3 46.7 
Sunny 15 60 93.3 100 100 
Total  117 35.8 49.2 71.9 65.8 

Table 4.1 segmentation success rate (%) of different algorithms tested under different effects. 
 

The Dynamic Threshold algorithm and the Modification de la Escalera’s algorithm are 
failed on the bad lighting and the fog conditions. Even so, the fuzzy algorithm also gives a 
better performance. It could successfully segment 66.7% of the images in bad lighting 
condition and 41.7% of images in fog condition. According to Table 4.1, Fuzzy and Shadow 
and Highlight invariant algorithm perform better in all the effects than others.   
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Figure 4.1 and 4.2 show the success segmentation images of all the algorithms under the 
bad lighting and the sunny conditions. 

 
Fuzzy algorithm  Shadow and Highlight invariant 

Figure 4.1 the results of bad lighting condition 
 

 
Dynamic Threshold algorithm  Modification de la Escalera’s algorithm 

 
Fuzzy algorithm  Shadow and Highlight invariant 

Figure 4.2 the results of sunny condition 
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Experiment 2: 
 

The test is measuring the processing time of each algorithm. This experiment is repeated 
five times under the same running environment. The processing time of each image is the 
average of the five processing times which are gotten from the five repeated experiments. All 
the processing time of every image which is dealt with all the algorithms are seen in Table 
A.1 in Appendix. The time distribution of each algorithm is depicted in Figure 4.3. The 
vertical axis represents the processing time and horizontal axis describes the images number.  

The minimum, maximum and average times with the standard deviation are calculated for 
every algorithm, it is shown in Table 4.2 

 
Timing Dynamic 

Threshold 
Modification 
de la Escalera 

Fuzzy Shadow&Highlight 
invariant 

Min(sec.) 0.9 0.6 14.8 0.4 
Max(sec.) 101.8 101.5.6 16.1 41.6 
Mean(sec.) 7.5 7.3 15.3 2.0 
Standard 
deviation 

15.7 15.7 0.3 4.6 

Table 4.2 A comparison of the processing Time of different color segmentation algorithms. 
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Figure 4.3 the time distribution of all the algorithms 

 
The Shadow and Highlight invariant algorithm shows the best time performance in the 

average time and the Fuzzy algorithm represents the best standard deviation in all algorithms 
and followed by the Shadow and Highlight invariant algorithm. That means the Fuzzy 
algorithm is the most stable algorithm in the four. The Dynamic Threshold algorithm and the 
Modification de la Escalera’s algorithm show better time performance in average time than 
the Fuzzy algorithm. And these two have similar time distribution.  
 
 
Experiment 3: 
 

This experiment aims to test how the processing times change with the amount of 
reductive desired color. In this experiment, the performance times and the segmentation 
success rates are evaluated using the images of the same traffic sign which are taken under the 
same condition and just changed the distance between the camera and the sign. The distance 
is from 10 meters to 80 meters and a image is taken every other 10 meters. The experiment is 
repeated ten times, the processing time of each image is the average of the ten processing 
times which are obtained from ten repeated experiments. The detail of the time record is seen 
Table A.2 in Appendix. Figure 4.4 depicts the data distribution of the processing times of 
each algorithm. The minimum, maximum, average times and standard deviation and 
segmentation success rates are shown in Table 4.3.  
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 Dynamic 
Threshold 

Modification 
de la 

Escalera 

Fuzzy. Shadow&Highlight 
invariant 

Min(sec.) 1.7 1.4 14.9 0.9 
Max(sec.) 45.3 45.0 15.3 15.5 
Mean(sec.) 19.1 18.8 15.1 4.4 
Standard 
deviation 

16.9 16.9 0.1 4.7 

Segmentation 
success rate(%) 

0 75 0 100 

Table 4.3 A comparison of the processing time and segmentation success rate of different 
color segmentation algorithms 

 

 
Figure 4.4 the data distribution of processing times in different distances 

 
In the time performance, compared to experiment 1, there is a subtle change in standard 

deviation for all algorithms. The average times of the Dynamic Threshold algorithm and the 
Modification de la Escalera’s algorithm are higher than the result in experiment 1, because of 
the number of the images in this experiment is very small. Even this, the data distribution of 
the processing times of these two algorithms are almost same in this experiment, just like the 
data distribution of them in experiment 1. 

The curves of processing times have a fluctuation for all the algorithms except the Fuzzy 
algorithm. The standard deviations of all the algorithms also illustrate this situation. 
According to the curves of the three algorithms in Figure 4.4. the process times go down in 
distance from 10m to 40m, and rise from 50m to 70m, then go down again. The red triangle of 
the traffic sign becomes smaller along with the distance increased, Figure 4.5 shows the 
images in different distances, from these images the backgrounds of all the images are 
changed along with the distance increased. Some colors from the surrounding environment 
are added into the images. That is the main reason causing the volatility of the curves.  

The processing time of Fuzzy algorithm is unrelated to how much colors in the image. It 
matters with the size of the image, that is the number of pixels in a image. The images which 
are selected to test are of the same size. That is why the Fuzzy algorithm is most stable in all 
the four algorithms. 
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Figure 4.5 the images of the same sign in eight distances 

 
In the segmentation success rate, the Dynamic Threshold algorithm and the Fuzzy 

algorithm are failed in this experiment. The segmentation success rates of both algorithms are 
0. These will be analyzed in the following part. The Shadow and Highlight invariant 
algorithm shows the best performance in this experiment and followed by the Modification de 
la Escalera’s algorithm. They can successfully segment 100% and 75% of images selected to 
this test, respectively. Figure 4.6 and 4.7 show the segmentation success images which is 
taken in 20m and 70m of these two algorithms. 

 

 
 

Figure 4.6 the images of 20m and 70m are used in the Modification de la Escalera’s algorithm 
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Figure 4.7 the images of 20m and 70m are used in the Shadow and Highlight invariant 

algorithm  
 
 
4.2 Failure Analysis 
 
Effects of bad lighting and fog: 
 

The Dynamic Threshold algorithm and the Modification de la Escalera’s algorithm are 
failed in these two conditions, and the segmentation success rates of others are also very low. 
Dark image is a reason for segmentation failure, when an image is dark due to the camera 
setting or the bad lighting condition. The color Hue will either be in the instable or in the 
achromatic area of the HSV color space and segmentation of hue in these two regions is 
meaningless. Figure 4.8 shows such case for the four algorithms. Bad illumination is the main 
reason for the drop of the segmentation success rate. 

 

 
 The Dynamic Threshold algorithm             The Modification de la Escalera’s algorithm 
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 The Fuzzy algorithm                              The Shadow and Highlight invariant algorithm 
 

Figure 4.8 the effect of bad lighting and processed by the four algorithms 
 

The images taken in foggy condition also show the worst results because of the white 
component are diffused between the camera and the object which affects the tint of the color 
[3]. The images in this condition which are processed by the Dynamic Threshold algorithm 
and the Modification de la Escalera’s algorithm fail to give any results. Even using the Fuzzy 
algorithm and the Shadow and Highlight invariant algorithm are also giving very poor 
segmentation results. Figure 4.9 shows such case. 

 
 

 
The Dynamic Threshold algorithm               The Modification de la Escalera’s algorithm 
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The Fuzzy algorithm                      The Shadow and Highlight invariant algorithm 
 

Figure 4.9 the effect of fog and processed by the four algorithms 
 
 
Confusion of red and yellow: 
 

One reason for the Dynamic Threshold algorithm and the Fuzzy algorithm are failed in 
experiment 3. This reason also causes the drop of the segmentation success rate in experiment 
1. The distance between red and yellow is less than the distance between any other two colors 
of red, yellow and blue. So sometimes the algorithms cannot make a distinction between the 
red color and the yellow color regardless of the quality of the sign. This situation is always 
taken place in the Dynamic Threshold algorithm. It is also happened in other algorithms. 
Figure 4.10 shows this case. 

 

 
 

Figure 4.10 red and yellow are undistinguishable for the Dynamic Threshold algorithm (the 
left one) and the Fuzzy algorithm (the right one) 
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Effect of highlight: 
 

The highlight images can represent another reason for segmentation failure. The RGB 
color space is easily affected by the highlight component. The Hue feature which is invariant 
to the highlight component is used in the four algorithms, but the hue is also affected by 
sensor response and surface albedo. It cannot avoid failure in highlight conditions. Figure 
4.11 shows the failed segmentation of the four algorithms. 

 

 
The Dynamic Threshold algorithm The Modification de la Escalera’s algorithm 
 

 
The Fuzzy algorithm                      The Shadow and Highlight invariant algorithm 
 

Figure 4.11 the failed segmentation of the four algorithms. 
 
 

Effect of noise: 
 

The noise consists of two parts: one is caused by the vibration and the other is caused by 
unnecessary objects in the background have the similar color with the desired color. And the 
second is main reason to lead to bad performance of the Fuzzy algorithm in experiment 3. 
Figure 4.12 shows some failed segmentation caused by noise. 
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Figure 4.12 some failed segmentations caused by noise 
 
 
4.3 Comparison of the four algorithms in Red and Yellow color segmentation 
 

This thesis aims to evaluate the four algorithms using the red color in the traffic signs as 
the target color. The yellow color as the target color which is used for this evaluation of the 
four algorithms is seen in the Master Thesis of Yumei Liu. The data in following tables which 
are obtained from Yumei Liu’s Master thesis. The following three tables are corresponding to 
Table 4.1, 4.2 and 4.3 in section 4.1, respectively. 

 
Effect No. Of 

images 
Dynamic 

Thresholding 
Modified 

de la 
Escalera 

Fuzzy. Shadow&Highlight 
invariant 

Bad lighting 15 13.3 13.3 73.3 66.7 
Blurred 15 86.7 86.7 86.7 80 
Dawn 15 73.3 66.7 86.7 80 
Fog 12 25 16.7 41.7 41.7 
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Highlights 15 80 53.3 66.7 80 
Noisy 15 66.7 33.3 80 73.3 

Snowfall 15 30 40 46.7 66.7 
Sunny 15 93.3 93.3 100 93.3 
Total 117 58.5 50.4 72.7 72.7 

Table 4.4 segmentation success rate (%) in yellow color detection. 
 

Compared to the table 4.1, the performance of the four algorithms which are applied to 
the yellow color segmentation is almost same as in red color segmentation. There is a little 
difference that is the worst performance occurs in the bad lighting effect instead of the fog 
effect. And no algorithm is failed. Fuzzy and Shadow and Highlight invariant algorithm still 
perform better in all the effects than others. 

 
Timing Dynamic 

Thresholding 
Modified de la 

Escalera 
Fuzzy. Shadow&Highlight 

invariant 
Min(sec.) 0.9 0.6 14.8 0.4 
Max(sec.) 102.1 103.3 16.6 104.7 
Mean(sec.) 8.2 8.0 15.4 4.3 
Standard 
deviation 

16.9 17.3 0.3 11.6 

Table 4.5 the processing Time in yellow color detection 
 

According to table 4.2 and 4.5, the first three algorithms represent basically the same data 
distribution of processing time in red and yellow color. The standard deviation of the shadow 
and highlight invariant algorithm in yellow color is obviously larger than it is in red color. 
This can be seen in the maximum processing time of the shadow and highlight invariant in 
table 4.5. Apparently, an image which is processed by shadow and highlight invariant 
algorithm in yellow color costs much more time than the maximum processing time of the 
algorithm in red color. That is the reason to cause this difference in Shadow and Highlight 
invariant algorithm. 

 
 Dynamic 

Thresholding 
Modified 

de la 
Escalera 

Fuzzy Shadow&Highlight 
invariant 

Min(sec.) 1.7 1.4 15.2 8.0 
Max(sec.) 45.4 45.1 15.9 33.7 
Mean(sec.) 19.1 19.0 15.4 23.4 
Standard 
deviation 

17.0 17.2 0.2 8.9 

Segmentation 
success rate(%) 

100 12.5 75 25 

Table 4.6 the processing time and segmentation success rate in yellow color detection 
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Compared to the data in experiment 3, the mathematical characteristics of the processing 
times of the four algorithms in red and yellow color are very similar. But the insteresting is 
the segmentation success rates of the four algorithms in red and yellow color which are almost 
complementary. The Dynamic Threshold and the Fuzzy algorithms which are failed in red 
color detection  perform much better in yellow detection than other two. The following are 
some reasons to explain why this situation happened. 

1. Figure 4.13 illustrates why the Dynamic algorithm failed in red color detection and 
successed in yellow color detection. Due to a given image, the threshold is fixed in 
both red and yellow detection. Selecting the reference color is the main reason to 
cause the algorithm failed or not. 

 
Figure 4.13 Dynamic Threshold algorithm used in red and yellow color detection 

 
2. As mentioned in section 4.2, the main reason which brings about the failure of  the 

Fuzzy algorithm is that the color in the background is similar to the desired red color, 
these unecessary colors contaiminate the desired color and cause the segmentation 
failed. But in yellow color detection, these unecessary colors are ignored by the 
algorithm. So the Fuzzy algorithm performs better in yellow color detection. 

3. The main reason of the Modification de la Escalera’s and the Shadow and Highlight 
invariant algorithms which perform badly is that the yellow color in the image is out 
of the range of the reference color in these two algorithms. 
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Chapter 5 Conclusion and Future work  
 

The robustness of the algorithm is very important in color segmentation. In this thesis, a 
performance evaluation for four algorithms is presented. The HSV and IHLS color spaces are 
used in these algorithms. The four algorithms are follows: 

• The Dynamic Threshold Algorithm 
• A Modification of de la Escalera’s Algorithm 
• The Fuzzy Color Segmentation Algorithm 
• Shadow and Highlight Invariant Algorithm 

 
The experimental results show that The Fuzzy Color Segmentation Algorithm and the 

Shadow and Highlight Invariant Algorithm perform best in experiment 1 and 2. And Shadow 
and Highlight Invariant Algorithm is the best performer in experiment 3, compared with the 
other algorithms. The reasons are listed below. 

• The Fuzzy Color Segmentation Algorithm can successfully segment 100% of images 
in blurred and sunny conditions. And Shadow and Highlight Invariant Algorithm 
also gives a highest performance in sunny condition which is 100%. And Fuzzy 
algorithm performs better than other algorithms in all conditions except it is lower 
than Shadow and Highlight Invariant Algorithm in dawn condition (Table 4.1). 

• The minimum standard deviation of The Fuzzy Color Segmentation Algorithm 
illustrates that it is most stable in all the four algorithms. And the minimum average 
processing time is given by Shadow and Highlight Invariant Algorithm (Table 4.2). 

• A high performance is achieved by the Shadow and Highlight Invariant Algorithm 
which is 100% in the test of images in different distances. And followed by A 
Modification of de la Escalera’s Algorithm, which is 75% (Table 4.3). 

 
However, all the factors should be considered synthetically when an algorithm is chosen 

to the color segmentation. For instance, The Fuzzy Color Segmentation Algorithm and the 
Shadow and Highlight Invariant Algorithm all have 100% segmentation rate in sunny 
condition, but the average time of The Fuzzy Color Segmentation Algorithm is more than 7 
times greater than Shadow and Highlight Invariant Algorithm. If a stable algorithm is needed, 
the Fuzzy Color Segmentation Algorithm is the best choice regardless of the stability and the 
accuracy. 
 

Future works will be concentrated on how to increase the segmentation success rates of 
all algorithms when applied in poor illumination condition. There are some options for this 
task. One technique more used is color constancy method which is based on invoking the 
histogram equalization, color constancy, HSV color space, and the use of hue, saturation, and 
value images to generate a binary image containing the road sign of a certain color [18]. Color 
segmentation is carried out by converting the RGB image from the former step into the HSV 
color space and then applying one of the segmentation algorithms discussed earlier. In Figure 
5.1, a comparison of the results before and after applying the color constancy algorithm is 
depicted. In the left one, the image is processed by the Fuzzy algorithm directly which cannot 
give any results, and in the right one, the image is processed by the color constancy algorithm 
and then applied by the same algorithm. The result is much better than the left one. 
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Figure 5.1 The effect of bad lighting and how it can be treated 

 
The other task is to improve the performance of the algorithms when used in noisy 

condition. Noise is the second largest reason for drop of the segmentation rate. A popular 
method which is used to reduce the image noise is filter. A smoothing filter is applied to 
preprocess the noise image and invoking one of the color segmentation algorithms mentioned 
earlier. In Figure 5.2, a comparison of the results before and after applying the smoothing 
filter is depicted. It is a 3x3 mean filter. In the left one, the image is segmented directly using 
the Shadow and Highlight Invariant Algorithm which gives very bad segmentation results, 
and in the right one, the image is preprocessed by the 3x3 filter and then segmented by the 
same algorithm. The improvement in the right image is clear. 

 

  
Figure 5.2 The effect of noise and how it can be treated 
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Appendix 
 

Table A.1 processing times of all the images 
Effect Dynamic 

Threshold 
Modification 
de la Escalera 

Fuzzy Shadow&Highlight 
invariant 

BadLighting1 12.8 12.6 15.2 0.4 
2 101.8 101.5 15.4 0.4 
3 1.0 0.7 15.3 0.6 
4 0.9 0.6 15.2 0.8 
5 1.0 0.6 15.3 0.7 
6 20.8 20.5 15.5 0.4 
7 1.1 0.8 15.0 1.3 
8 88.1 87.5 14.8 1.0 
9 1.4 1.1 15.1 0.8 
10 1.4 1.1 15.1 1.2 
11 7.1 6.7 15.4 0.4 
12 25.6 26.0 15.6 0.5 
13 1.7 1.5 15.6 0.4 
14 10.4 10.1 15.6 0.4 
15 2.4 2.2 15.8 0.4 

Blurred 1 12.5 10.2 15.4 1.0 
2 12.0 11.7 15.2 1.6 
3 2.1 1.8 15.1 0.6 
4 3.1 2.8 14.9 0.5 
5 1.2 1.0 15.3 2.4 
6 2.2 2.0 15.5 0.7 
7 2.5 2.3 15.0 0.7 
8 1.0 0.7 15.4 1.6 
9 2.0 1.8 15.8 0.6 
10 1.4 1.1 15.3 0.6 
11 5.5 5.3 15.0 0.6 
12 2.0 1.8 15.1 0.6 
13 1.9 1.6 15.1 1.4 
14 1.0 0.7 15.0 0.6 
15 1.0 0.8 15.1 2.2 

Dawn 1 12.3 12.0 15.3 0.4 
2 1.4 1.1 15.1 1.5 
3 1.4 1.1 15.2 2.6 
4 25.9 25.6 15.4 0.4 
5 2.5 2.3 14.9 1.6 
6 11.2 10.9 16.0 7.2 
7 8.5 8.3 15.2 2.1 
8 2.5 2.2 14.9 0.6 
9 0.9 0.7 15.0 0.5 
10 1.0 0.7 15.3 3.7 
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11 5.7 5.4 15.0 0.5 
12 2.7 2.5 15.0 0.5 
13 1.3 1.0 14.9 0.5 
14 28.3 28.0 14.8 0.4 
15 1.2 1.0 15.0 1.2 

Fog 1 2.7 2.5 15.2 0.4 
2 2.8 2.5 15.0 0.4 
3 2.6 2.4 15.2 0.5 
4 2.3 2.0 15.1 0.8 
5 1.7 1.4 15.0 0.4 
6 1.6 1.3 15.2 0.4 
7 1.2 1.0 15.5 0.5 
8 2.6 2.3 15.0 0.4 
9 1.4 1.1 14.9 0.6 
10 1.0 0.6 14.8 0.4 
11 1.0 0.7 14.8 0.4 
12 1.3 1.0 15.0 0.8 

HighLight1 1.3 1.1 15.0 2.1 
2 1.5 1.2 15.1 2.7 
3 59.3 59.1 15.0 2.9 
4 1.5 1.2 15.6 1.2 
5 2.4 2.1 15.3 1.1 
6 1.5 1.2 16.0 1.5 
7 40.1 39.8 15.3 1.6 
8 30.7 30.2 15.4 2.2 
9 1.0 0.7 15.5 3.2 
10 1.0 0.7 15.2 14.1 
11 9.3 9.0 15.8 9.6 
12 7.8 7.6 16.1 7.1 
13 1.1 0.9 14.9 4.0 
14 1.0 0.7 15.6 7.5 
15 17.7 17.2 15.2 6.4 

Noisy 1 1.0 0.8 15.5 0.7 
2 1.7 1.4 15.4 1.9 
3 1.3 1.1 15.1 0.6 
4 1.0 0.8 15.1 0.6 
5 1.4 1.1 15.3 2.1 
6 1.3 1.0 15.4 0.7 
7 1.1 0.8 15.5 3.3 
8 1.2 1.0 15.3 0.6 
9 1.0 0.8 15.4 1.5 
10 1.2 1.0 15.6 1.9 
11 2.1 1.9 14.8 0.4 
12 1.3 1.0 15.1 0.8 
13 7.5 7.3 15.4 0.4 
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14 1.6 1.4 15.7 0.6 
15 2.3 2.0 15.9 0.4 

Snowfall 1 54.5 53.9 15.1 0.4 
2 33.4 35.9 15.3 0.7 
3 4.1 3.8 15.4 0.4 
4 1.5 1.2 15.3 0.5 
5 2.6 2.3 15.8 0.4 
6 4.6 4.3 15.5 1.0 
7 1.0 0.7 15.0 0.7 
8 1.2 0.9 15.5 0.7 
9 39.9 39.7 14.9 2.3 
10 28.2 28.0 15.1 0.4 
11 2.3 2.0 15.3 0.4 
12 1.5 1.2 15.2 1.1 
13 2.6 2.3 15.1 0.4 
14 4.3 4.0 15.1 0.4 
15 2.6 2.4 15.2 0.4 

Sunny 1 3.9 3.6 15.9 0.9 
2 1.2 1.0 15.3 1.3 
3 1.2 0.9 15.5 1.4 
4 1.0 0.7 15.4 1.0 
5 10.5 10.3 15.3 21.1 
6 1.7 1.4 15.2 1.9 
7 3.1 2.8 15.5 41.6 
8 1.1 0.8 15.2 4.4 
9 1.2 1.0 15.4 0.7 
10 1.1 0.8 15.2 4.1 
11 4.6 4.3 15.3 2.7 
12 1.0 0.7 15.4 1.1 
13 1.2 1.0 15.4 0.5 
14 2.4 2.1 15.9 2.0 
15 1.1 0.8 15.7 1.6 

Min(sec.) 0.9 0.6 14.8 0.4 
Max(sec.) 101.8 101.5.6 16.1 41.6 
Mean(sec.) 7.5 7.3 15.3 2.0 
Standard 
deviation 

15.7 15.7 0.3 4.6 
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Table A.2 processing times of images in different distances 
distance Dynamic 

Threshold 
Modification 

de la 
Escalera 

Fuzzy. Shadow&Highlight 
invariant 

10m 45.3 45.0 15.3 15.5 
20m 43.6 43.3 15.0 4.8 
30m 22.0 21.8 14.9 1.7 
40m 1.7 1.4 15.1 0.9 
50m 6.6 6.4 15.2 2.4 
60m 11.2 11.0 15.1 3.3 
70m 15.8 15.6 15.1 3.5 
80m 6.2 5.9 15.0 2.8 

 
 


