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Abstract. A navigation system for virtual environments using low-quality 
HMD(head mounted display) must quantize images when the system presents 
true-color image with restricted number of colors. Such navigation system 
quantizes an image by using fixed palette. If the system represents an image by 
using a variable palette which is made considering a region around the view-
point then user can perceive a virtual environments more vividly because hu-
man visual system is sensitive to the colors variation in the region around the 
viewpoint. In this paper we propose a color quantization algorithm that quantize 
a region around the viewpoint more finely than other regions at each variation 
of viewpoint for virtual environments navigation system and compose virtual 
environments navigation system using proposed algorithm. The system quan-
tizes an image at each variation of viewpoint and shows a quantized image to 
user through HMD. We tested user preferences for our proposed system and the 
results show that users preferred our system. 
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1   Introduction 

A navigation system for virtual environments using low-quality HMD(head mounted 
display) must quantize images when the system presents true-color image with re-
stricted number of colors. Color quantization is a process that reduces the number of 
colors used in an image, usually with the intention that the new image should be as 
visually similar as possible to the original image[1]. Several clustering algorithms are 
used in color quantization for improving correctness of quantization. Such algorithms 
are Octree[2][3], Median-cut[4], K-means[5] and Local K-means[6]. Moreover some 
algorithms tried to use CIE Lab, CIE Luv color space for improving correctness of 
quantization[7][8]. Recently quantization algorithm considering human color percep-
tion properties are proposed. One of these properties is that human visual system  
is sensitive to the color distortion in the homogeneous regions. Color quantization  
algorithm considering such property is proposed[9]. 
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Another property of human color perception is that human visual system is sensi-
tive to a colors variation in the region around the viewpoint. Therefore if a region 
around the viewpoint is quantized more finely than other regions then the viewer can 
see the image more vividly. In virtual environments navigation system if user can 
vividly see a region around the viewpoint then user can perceive virtual environments 
more realistically.  

In this paper we propose a color quantization algorithm that quantize a region 
around the viewpoint more finely than other regions at each variation of viewpoint 
and compose virtual environments navigation system using proposed algorithm. In the 
virtual environments navigation system user see a quantized image through HMD. 
The rest of the paper is organized as follows. In section 2, we describe color quantiza-
tion method. In section 3, we describe experiments of proposed algorithm and system. 
In section 4, we discuss conclusions. 

2   Color Quantization with Weight 

In this paper we propose a color quantization algorithm in consideration of human 
visual sensitivity for color pattern variations of region around the viewpoint. The 
proposed algorithm make a palette at each variation of viewpoint. We use LKM clus-
tering algorithm with weight value to quantize a region around the viewpoint more 
finely. If the region around viewpoint is quantized with a large number of colors then 
user can see the region around viewpoint more finely. Figure 1 shows the overall 
process of proposed algorithm. First, we translate RGB color space to CIE Luv color 
space for improving correctness of quantization[7][8]. Second, we assign weights to 
colors used in the image. Third, we execute LKM clustering algorithm. And then we 
reconstruct image using result. We will describe weight assignment and LKM cluster-
ing step because these steps play an important role in the process. 

 

 

Fig. 1. Overall process diagram of proposed module 

2.1   Weight Assignment 

The proposed algorithm assigns different values to each color used in an image in 
order to quantize a region around the viewpoint with many colors. In LKM clustering 
algorithm a colors having high weight are quantized with a large number of colors. 
Therefore we assign high weight to the colors in a region around the viewpoint.  

For weight assignment we use Gaussian kernel because weight of Gaussian kernel 
decrease according to distance from center[9]. In equation 1 (i, j) represent coordinate 
of viewpoint and G(x, y) represent weight of color of pixel coordinate (x, y) in  
the image and σ2 is variance of weight. The weighting value is normalized to lie  
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within [0,1]. Figure 2 shows example of weight assignment using Gaussian kernel. 
The colors in a region around the viewpoint are assigned high weight value. 
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(a) viewpoint is center (b) viewpoint is right bottom 

Fig. 2. Example of weight assignment using Gaussian kernel 

2.2   LKM Clustering 

We use LKM clustering algorithm because LKM clustering algorithm is proven to be 
a fast algorithm[5]. The algorithm is described as in the following steps: 
 

Step 1. Choose input data sets. 
  Choose input date sets among used color in image. 

Step 2. Set initial cluster centers  
   Set initial cluster centers according to descending order of weight value 

Step 3. Change location of cluster centers using equation 2 
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where ci is a color in input data sets and cj is closest cluster center of 
ci and t is execution counter. The adaptation parameter αt decrease 
exponentially. Wi is weight value of the color ci. 

Step 4. Iterate Step3 for N times until some convergence criterion is met. 
 
In step 1 input data sets are constructed by sampling the image in decreasing step 

sizes {1009, 757, 499. …} because a result of algorithm using all used color in an 
image and a result of algorithm using sampled input data sets are similar and algo-
rithm using sampled input data sets is fast[5]. In step 2 we set initial cluster centers 
according to descending order of weight value because LKM clustering algorithm 
quantize the colors of initial cluster centers with large number of colors. In step 3 Wi 
is weight value of color ci which is calculated in weight assignment step. 
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3   Experiment 

In experiment we quantize some images by using proposed algorithm and fixed pal-
ette to identify that a region around the viewpoint quantized by proposed algorithm is 
quantized with a larger number of colors than using fixed palette. The result of ex-
periment shows that the region around the viewpoint quantized by proposed algorithm 
is quantized with a large number of colors than using fixed palette. Also we composed 
a navigation system using proposed algorithm and a fixed palette for experiment of 
user preferences. 

3.1   Number of Quantized Colors in Region Around the Viewpoint 

We quantize some images by using proposed algorithm and fixed palette to identify 
that a region around the viewpoint quantized by proposed algorithm is quantized with 
a larger number of colors than using fixed palette. Table 1 shows number of quantized 
color in a region around the viewpoint. 

Table 1. Number of quantized colors in viewpoint 

Image 
Proposed 

(number of colors) 
Fixed palette 

(number of colors) 
A 75 51 
B 82 61 

C 44 37 
D 97 68 

E 53 28 

 
In experiment we quantized true-color images to 256-color images and knew that 

number of quantized colors in a region around the viewpoint quantized by proposed 
algorithm is larger than number of quantized colors quantized by using fixed palette. 

 

Fig. 3. Overall organization diagram of navigation system 
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Table 2. User preferences of each system 

32 color 128 color 256 color 
Image Proposed 

(%) 
Fixed 

colors(%) 
Proposed 

(%) 
Fixed 

colors(%) 
Proposed 

(%) 
Fixed 

colors(%) 
A 92 8 81 19 72 28 

B 91 9 84 16 75 25 

C 90 10 89 11 70 30 

D 88 12 82 18 72 28 

E 93 7 80 20 72 28 

 
 

 

(a) image quantized with 128 color 

 

 

(b) image quantized with 32 color 
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Fig. 4. result of quantization 
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3.2   Virtual Environment Navigation System 

We composed virtual environments navigation system using proposed color quantiza-
tion algorithm that quantize a region around the viewpoint more finely than other 
regions. In virtual environment navigation system user see a quantized image which is 
real-timely quantized through HMD. Composed virtual environments navigation 
system real-timely obtains information of user viewpoint and shows quantized image. 
Navigation system is composed of hardware and software. Hardware is composed 
HMD and Gyro sensor. Quantized image is seen through HMD and Gyro sensor 
translate information of user viewpoint by perceiving head movement. In software 
proposed algorithm is executed by using information of user viewpoint. Figure 3 
shows the overall organization diagram of system. 

3.3   User Preferences Test 

We experiment with user preferences between proposed navigation system and the sys-
tem using fixed palette. Table 2 shows the results of experiment with user preferences of 
systems. In each system user see an image which is quantized to 32, 128, 256 colors. 
Table 2 shows that user preferences of proposed system are higher than the system using 
fixed palette in most images and numbers of quantization colors. Also table 2 shows that 
user preferences are decrease according to the increase of numbers of quantization colors. 
Such results are caused by execution time of quantization. The execution time of quanti-
zation is increased according to the increase of numbers of quantization colors. Figure 4 
shows quantized images which are quantized by each system. 

4   Conclusions 

In this paper we propose a color quantization algorithm that quantize a region around 
the viewpoint more finely than other regions at each variation of viewpoint and com-
pose virtual environments navigation system using proposed algorithm. We experi-
mented with user preferences between the system using proposed algorithm and the 
system using fixed palette. The results of research show that user preferences of pro-
posed system are higher than the system using fixed palette in most images and num-
bers of quantization colors.  

Also the experiment results show that user preferences decrease according to the 
increase of numbers of quantization colors. So we need to study for improving execu-
tion time of quantization and expand proposed system to 3D virtual environments. 
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