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Abstract:  New technologies represent a greet opportunity for the improvement of the life and independent living of the disabled people. This 
paper presents the algorithm realization of color recognition that can be used for creation of Java applications for mobile terminals (J2ME) 
with built-in photo camera. The aim is creating of mass accessible application for people with impaired vision (blind and color-blind people) 
so that they can be informed (by Text To Speech conversion) about the name of recognized color in center of the video frame. Color filtering 
and statistics are also possible. Color recognition is based on combination of crisp color segmentation and several small Artificial Neural 
Networks (ANN). Such applications can provide a significant help for disability compensation to avoid the gap increasing between disabled 
and non disabled people. 
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1. INTRODUCTION 

 
Color recognition is a major task in artificial vision systems 
(pattern recognition, navigation of robots, weapons control 
and many others) [4]. In particular research, color recog-
nition is used as part of the Java application for mobile 
terminals, which aims to ease the lives of  visually impaired 
people (recognizing the degree of illumination, detection of 
objects in their color, indoor and outdoor orientation [1]).  

Existing applications in this area are few and usually 
are based on hardware-software platforms with a high price. 
The most frequently [13] about ten basic colors are recogni-
zed. In the presented research most of the color’s names are 
formed using one or more adjectives to color, such as: 
"light sky blue", "snow white", "tomato red", "pale violet", 
"royal blue", and etc. 

The main problem in the development of such appli-
cations is the need to combine mutually exclusive require-
ments, such as:  

• High probability for correct recognition that is 
independent to source of light and its intensity. 

• Informing the user through text to speech conver-
sion. 

• Obtaining result in soft real time. 
These features are hardly achievable when the micro-

controller or systems with limited computing resources and 
capacity of operative memory are used. This makes a big 
part of the existing algorithms for color recognition irrele-
vant in such platforms. 

2. PLATFORM SELECTION 
 
It is proposed to use any mobile terminal with built-in 
camera and Java Virtual Machine (JVM). The reasons for 
this are: 

1. Over 65% of mobile terminals manufactured in 2008 
have built photo-camera and JVM. 

2. Guaranteed platform independence of Java applica-
tions - MIDP version 2.0 and Mobile Media API (MMAPI) 
[10] in order to access photo camera is required. 

3. Easily application upgrade. 
4. Using photo-camera instead of color sensors allows 

the creation of more complex applications, such as image 
and face recognition.  

The main problems that must be resolved when se-
lecting mobile platform are:  

• Optimize the speed of implementation, taking into 
account the still low productivity of most JVM for mobile 
terminals. 

• So far, few photo-cameras for mobile terminals 
support white balance. This leads to false detection of 
colors in various lighting conditions. When low-resolution 
is used is not possible program realization of the white 
balance algorithm that gives satisfactory results. 

• Number of mobile terminals that allow program 
control of the flash, the focus, exposure and white balance 
are still little. It is necessary mobile terminal to support the 
Advanced Multi-Media Supplement Specification (AMMS) 
API [11], which is the extension of MMAPI. 



3. ALGORITHM REALISATION 
 
Algorithm for color recognition is realized in the following 
sequence: Color space selection, Color segmentation, Adap-
tive adjustments and ANN classification. 
 
3.1. Color space selection 
 
Color space (also called color model) defines the numerical 
representation of color needed for program processing. 
There are many color models each of which has advantages 
and disadvantages to be determined by the specific require-
ments and characteristics of the developed application. The 
models, that are used most often in color recognition, are 
[6]:  

• RGB (Red, Green, Blue). 
• HSV (Hue, Saturation, Value). 
• TSL (Tint, Saturation, Lightness). 
• YCrCb (Luma, R chrominance, B chrominance). 
The ideal color model in color recognition point of 

view should simulate some characteristics of human visual 
system, such as: non-linear sensitivity to visible light with 
different wavelength and weak dependence on the intensity 
of light. 

The color information, obtained directly from the photo 
cameras, usually is in RGB format. The main drawback of 
RGB color model is the high degree of correlation of 
information from color channels. The RGB model does not 
allows the separation of color from intensity. HS based 
models (HSV, HSB, HSL) correspond better to how people 
experience colors than the RGB color space used: Hue (H) 
is a color attribute that describes what a pure color is, H 
values vary from 0 to 1 (from red through orange, yellow, 
green, cyan, blue, magenta and back to red; Saturation (S) 
values varies from 0 to 1 and corresponding colors vary 
from unsaturated to fully saturated. There are color models 
that attempt to simulate more accurately human vision 
system, such as: CIELAB, CIEXYZ and CIELUV [9]. 
However, experiments show that their use does not improve 
the characteristics of  color recognition systems. 

It is proposed to use modification of HSV color model: 

Parameter I  
Parameter I represent the non-linear formation of light’s 
intensity, 

nnn BGRI 114.0587.0299.0 ++= , (1) 

where: 
256RRn = , 256GGn =  и 256BBn = . (2) 

Parameter’s values are in interval [0, 1]. When I=0 color is 
100% black, and when I=1 – 100% white. 
 

Parameter H 
This parameter describes the dominant color. The scale, 
which describes all possible base colors, is defined: the  
values in the interval [0, 2) describe all red colors, interval 
[2, 4) describes green colors and interval [4, 6) describes 
blue colors: 
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where: 

( )nnn BGRMAX ,,max = , ( )nnn BGRMIN ,,min = . (4) 

Normalization of the scale is needed, to fit H parameter 
values in the interval [0, 1]: 

6HH ′= ,  (5а) 

0,1 <+= HifHH . (5b) 
 

Parameter S 
This parameter describes the purity of the color: 
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When S=0 color is 100% gray. In 100% pure color value of 
S is 1.  

Proposed HSI model is characterized by much more 
elementary mathematical apparatus needed to obtain the 
values of H and S parameters in comparison with the color 
model HSV. 
 

3.2. Color segmentation 
 

Color segmentation is used for coarse estimation of pixel’s 
color. It is implemented on the basis of the values of 
parameters H, S, and I. The segmentation is realized using 
IF-THEN rules. On Figure 1 shown the color map (HS plot) 
and thresholds for red, orange, yellow, green, cyan, blue, 
magenta and gray colors (Hr, Ho, Hy, Hg, Hc, Hb, Hm and Sg). 
 

 
Fig. 1. Color map (HS plot) 



Thresholds are obtained taking into account the sensi-
tivity of the human eyes to visible light [8] and experiments. 
Unlike the standard algorithm for fuzzy clustering [3], the 
proposed approach allows realization in real time. 

Before color segmentation, the color noise in frames is 
reduced by 3x3 sliding filtering [7]. The value of central 
pixel is replaced with mean value of color of pixels in 
window, 

( )1102/1 ,...,,ˆ −− =
НN cccmeanc , (7) 

where N=9. 
Color segmentation starts with checking whether the 

color is white or black. If I>Iw, then color is white, and if 
I<Ib - color is black. If S<Sg color is gray, otherwise color 
segmentation, based on the values of H, is realized. 

Ten color classes are recognized: red, orange, yellow, 
green, cyan, blue, magenta, white, gray and black.   
 
3.3. Adaptive corrections 
 
When light intensity is 25% lower or higher of average 
intensity, obtained during the system training an adjustment 
of values of the parameters R, G, and B is realized. To do 
this in training stage average intensity values for each color 
class 

meanIc  are obtained, where: c∈{"red", "orange", 

"yellow", "green", "cyan", "blue", "magenta", "gray"}.   
This correction adjusts intensity of the current pixel to the 
average intensity of the class to which he has belong and 
improves the results generated by ANN classifiers: 

RIR cof=′ , GIG cof=′ , BIB cof=′ , (8а) 

where: 

IIcI meancof = , BGRI ++= . (8b) 

 
3.4. Color classification 

  
ANN classifiers generate name of color for every input 

test feature vector. Nine ANN of type 3-layer perceptron 
are used as shown in Fig. 2. 
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Fig. 2. Color classifier architecture 
 

ANN input vectors are formed by the values of parame-
ters H, S and I. Training is implemented through manual 
labeling of pixels from video frames, obtained from the mo-
bile terminals [2]. The number of output neurons coincides 
with the number of colors for each class. To reduce the 
errors because of non-fuzzy boundaries between the color 
segments, ANN trained with vectors from neighboring 
segments. For this purpose, each segment is divided into 3 
sub-segments, for example for red color sub-segments are: 
red-magenta, red and red-orange. Red color ANN is trained 
with training vectors from  left and right sub-segments: 
magenta-red and orange-red (see Table 4). 

On training phase (EBP algorithm is used) all ANN 
weight vectors for each color class except "black" are 
obtained. ANN parameters are saved in ASCII resource 
files and loaded in operative memory when necessary. This 
decision has the following advantages:  

1. Using multiple ANN, instead one ANN for all colors 
[5], allows the result to be obtained in real time and the 
memory to be used more efficiently. 

2. Due to the small number of neurons in input and 
output layer training is realized much more effectively with 
a high probability for obtaining a global minimum. 

The color recognition process runs in the following 
sequence:  

1. Color model parameters (H, S, I) are obtained. 
2. The block "Black & White Classification" generates 

3 output signals: “black” if black color is recognized (go to 
6), “white” if pixels belongs to white color class (go to 4) 
and “color” if color segmentation is needed (go to 3). 

3. Coarse color segmentation is realized by the block 
"Color Segmentation". The color of pixels at center of 
frame (3x3 region) is assigned to one of all 9 possible color 
classes. 

4. Check pixels intensity (block "Intensity correction"). 
If intensity adjustment is necessary equations (8) are used. 

5. Fine color classification by ANN. Depending on the 
results of steps 2 and 3, an ANN for recognized color class 
is selected. 

6. End. 

The number of colors, that are recognized for each 
class, is different and is described in Table 1.  

 

Table 1. Number of recognized colors for each class 
No Class name  Number of colors 

1.  red 13 
2. orange 15 
3.  yellow 11 
4. green 14 
5. cyan 18 
6. blue 14 
7. magenta 13 
8. white 9 
9. gray 5 
10. black 1 

Total: 113 

   



4. EXPERIMENTAL RESULTS 
 
Proposed algorithm for color recognition can be used in 
mobile platforms with limited resources. All experiments 
are realized with mobile terminals Nokia 6630 and Nokia 
N95. In Table 2 the performance of Nokia 6630 and N95 
JVM are presented (SPMarkJava06 is used [12]). 
 

Table 2. Nokia 6630 and Nokia N95 JVM benchmarks 
Performance, KOps/s 

Operation 
Operand 
type Nokia 6630 Nokia N95 

integer 71,470 59,931 Add, 
Subtract float 1,847 2,679 

integer 55,601 41,888 
Multiply 

float 2,227 3,417 
integer 1,155 1,629 

Divide 
float 957 1,423 

 

To improve color recognition time only integer operations 
are used. When Nokia 6630 mobile terminal is used the 
mean time intervals required for realization of color recog-
nition are described in Table 3. 
 

Table 3. Color recognition algorithm timing 
Stage Time, ms 

1. Get snapshot 244 
2. Mean 3x3 filtering (160x120) 14 
3. Color segmentation 1 
4. ANN classification 7 

Total time: 266 

 
Table 4 describes the H-intervals and thresholds used in the 
formation of the training vectors for each ANN.  
 

Table 4. H intervals and thresholds 
ANN class Training sub-segments Hue interval 

Red 
Hr=0.0418 

magenta-red, 
red-magenta, red, red-orange, 
orange-red 

0.0 - 0.06275 
0.87451 - 1.0 

Orange 
Ho=0.1255 

red-orange, 
orange-red, orange, orange-
yellow, 
yellow-orange 

0.02092 - 
0.14611 

Yellow 
Hy=0.2497 

orange-yellow, 
yellow-orange, yellow, yellow-
green, 
green-yellow 

0.10458 - 
0.2915 

Green 
Hg=0.4170 

yellow-green, 
green-yellow, green, green-
cyan, 
cyan-green 

0.20784 - 
0.45882 

Cyan 
Hc=0.5830 

green-cyan, 
cyan-green, cyan, cyan-blue, 
blue-cyan 

0.37516 - 
0.62484 

Blue 
Hb=0.7503 

cyan-blue, 
blue-cyan, blue, blue-magenta, 
magenta-blue 

0.54118 - 
0.79216 

Magenta 
Hm=0.9164 

blue-magenta, 
magenta-blue, magenta, 
magenta-red, 
red-magenta 

0.7085 - 
0.95817 

Other threshold levels used have the following values:  
 

Sg=0.0116, Iw=0.95, Ib=0.05.  (9) 
 
One hundred test frames are used: 50 frames obtained in a 
room (external lighting – 20 frames, fluorescent light – 10 
frames, light of the incandescent lamp – 10 frames and 10 
frames from TV set) and 50 outdoors frames (25 in 
sunshine and 25 in cloudy weather). The probability of 
correct color classification when using a mobile terminal 
Nokia 6630 is 91% as shown in Table 5. In this case the 
white balance and auto focus is not used. 
 

Table 5. Color recognition algorithm performance 
Test mode Recognition rate, % 

1. White balance, auto focus and flash 
control are not supported (Nokia 6630) 

91 

2. White balance, auto focus and flash 
control are supported (Nokia N95) 96 

 

The errors are because of white balance missing and light 
intensity in part of frames is too low or high. Five percent of 
errors are eliminated when using a mobile terminal Nokia 
N95 that supports AMMS API - white balance and auto 
focus are enabled. The results of testing of the application 
are shown in Figures 3 to 6. The user interface is shown in 
Figure 3. 
 

   

Fig.3. Experimental results –user interface 
 

    

Fig.4. Experimental results – test mode (get color, find color, find 
colors) 

   

Fig.5. Experimental results – color recognition 



   

Fig.6. Experimental results – find color(s) 
 

The results, obtained in testing mode (PNG resource file 
is used), are shown in Figure 4. In Figures 5 and 6 are 
shown results obtained in  “Color recognition” and  “Find 
color(s)” modes. 

 
5. CONCLUSION 

 
An algorithm for color recognition, which combines the 
advantages of fast crisp color segmentation and artificial 
neural networks is presented. Algorithm can be used for 
platforms with limited memory and computing power, 
including mobile terminals with built-in JVM.  

Continuous time using the application depends mainly 
on the consumption of a photo-camera. To increase this 
time, the camera turns off if the user doesn’t interact with 
application for more than 15 seconds or if application loses 
focus. 

The proposed algorithm is part of the Java application 
for color and human face recognition. It can be installed on 
any mobile terminal that supports MMAPI (AMMS API is 
optional) and has built photo-camera. Application is 
adapted  for visually impaired people (partial or complete 
loss of vision and color-blind). 
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