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Abstract. The RGB color primaries in natural images are characterized by a 
high degree of inter-correlation. Many compression algorithms use this infor-
mation redundancy to reduce the amount of bits required for coding, by trans-
forming the color information to a decorrelated color space - such as YUV. The 
human visual system is more sensitive to luminance than chrominance compo-
nents, so more bits are allocated to luminance. We examine a different ap-
proach, by expressing two of the color components (termed subordinate colors) 
as a functional of the other color component (termed base color). Unlike some 
compression algorithms (e.g. JPEG) that perform the analysis on NxN blocks in 
the image, we utilize segmentation by Region Growing in both gray level and 
color (RGB) images. We suggest a method for selection of optimal base color 
for each region separately. The proposed approach could be useful for color 
compression and progressive transmission applications. 
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1 Introduction 

Natural images are characterized by a high degree of correlation between the color 
primaries (RGB). This inter-dependence yields the possibility of reducing the amount 
of data required for representation, e.g. by compression algorithms that transform the 
color components to a decorrelated color space, e.g. YUV (Y - luminance component, 
U, V - chrominance), and utilizing the fact that the human visual system is more sensi-
tive to details in luminance than chrominance, and encode the luminance information 
using more bits. Another approach to utilizing the correlation between the color pri-
maries (RGB) is by expressing two of the color components, termed 'subordinate col-
ors' as a function of a third color component, termed 'base color' [1], [2].   

In many compression algorithms, e.g., JPEG, the image is divided into NxN - pix-
els blocks, without reference to the spatial correlation between adjacent pixels. In the 
proposed approach, we refer to image segments, acquired by Region Growing  
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segmentation [3], [4]. More advanced segmentation methods can be utilized, e.g. 
Quick Shift [5]. In methods that divide the image into arbitrary NxN blocks, distorting 
blockiness artifacts are created in the compressed image, which can be diminished by 
segmentation into natural regions. Region Growing can be performed on a gray level 
image, using a simple absolute distance to grow regions from seeds. However, per-
forming the segmentation with full color information, rather than relying on brightness 
alone, can yield superior segmentation results. Therefore, we examine the compres-
sion results achieved when the Region Growing is performed on an RGB color image, 
using Euclidean metric to grow regions from seeds. This approach generally provides 
better segmentation, which results in superior reconstruction (decompression) results, 
both visually and by PSNR (Peak Signal to Noise Ratio) measure. 

The image segments (texture) and region boundaries (contours) are encoded sepa-
rately. The texture information of each segment is encoded using a base color, and by 
expressing the subordinate colors as functions (0 or 1st order) of this base color. The 
base color itself is encoded as a 0 / 1st / 2nd order polynomial approximation of the 
actual base color pixels in the segment. In [1], the authors propose to compress an 
image by using NxN pixels blocks, and in each block express two subordinate colors 
as a function of a base color, which can be chosen variably for each block by an opti-
mization method, according to the highest correlation of a base color to the other two 
colors, or by choosing the base color that leads to the lowest subordinate colors' re-
construction error for the block. We propose to choose the base color that yields the 
minimal reconstruction error (MSE) of both the base and subordinate approximated 
colors for a region. Our proposed approach, based on image segmentation by color 
Region Growing and optimal base color selection for the utilization of inter-
correlation of colors, can lead to significant improvement of compression results, 
compared to the widespread JPEG compression algorithm, especially for high com-
pression ratios, as shown by our experimental results. 

2 Methodology 

The compression algorithm is comprised of encoder and decoder blocks. The stages of 
the encoder block are as follows: 

1. Construct the luminance image (Y) from the R, G, and B color primaries:  
Y = 0.3R + 0.59G + 0.11B. 

2. In order to get a smoother image, and suppress false contours in the luminance 
image, we filter the Y image using the inverse gradient filter [6]. This filter reduc-
es the noise in Y image, while preserving contours (high gradients). 

3. Perform Region Growing segmentation on the smoothed image. We examine the 
compression results for both gray level and color (RGB) Region Growing. In gray 
level Region Growing, a region is grown from a seed pixel by adding to the region 
neighboring pixels whose gray level is inside a fixed gray level interval from the 
region mean gray level. Seed pixels are chosen randomly, from pixels not yet as-
signed to specific regions. In RGB Region Growing, the above gray level interval 
is replaced by a Euclidean distance in RGB color space, meaning that a new pixel 
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will be added to a current region if its (R, G, B) color triplet is distant less than a 
fixed threshold from the region's current mean (R, G, B) values. In both Region 
Growing options, a pixel that is rejected from a region is marked as contour pixel. 

The RGB Euclidean metric for Region Growing is defined as follows: 
 

2 2 2
_( ) ( ) ( )RGB pixel regMean pixel regMean pixel regMean RGB Threshd R R G G B B d= − + − + − <

    (1) 
 
4. Contour artifacts, e.g. double contours and non-separating contours pixels are re-

moved from the segmentation image. Small regions (having a number of pixels 
less than threshold size) that are connected through contour with other regions, are 
removed, i.e., united with a neighbor region with the closest gray level [7]. 

5. The contour information is encoded by chain coding [8]. The contour encoding is 
based on Freeman's chain-code, with 8-connected contours. In natural images' con-
tours, sharp turns are less frequent than gradual turns [7]. Thus, a statistical ap-
proach is employed, and the difference in direction between sequential contour 
pixels is encoded using Huffman coding. The most probable direction of move-
ment is the same as the previous; the next probable direction is a 450 turn, etc. This 
enables the reduction of the number of bits required to code the image contours. 

6. For each region, a base color is chosen (R, G, or B), and approximated by a 0 / 1st / 
2nd order two-dimensional polynomial function. For example, a 1st order approxi-
mation of some region's color by the spatial axes x and y, will be of the form  
Yapprox=a1+a2x+a3y, where a1, a2, a3 are the approximation coefficients, and Yapprox 
is the approximation of the region color surface Y. The solution for a1, a2, a3 is 
given by the minimization of the square error between Y and Yapprox, which leads 
to the solution of the following system of equations [7]: 

 
(2)

where xi, yi are the image coordinates, and BCi  are the base color values of pixels. 
A similar derivation exists for 2nd order approximation of base color, by mini-

mization of a square error. Zero-order approximation is given by the region  
average. 

The other two colors (subordinate colors) are encoded by polynomial expansion 
of the base color for each region [1]: 

 
(3)

where C1, C2 are the interpolated subordinate colors, C0 is the base color, and ak, bk 
are the polynomial expansion coefficients for the subordinate colors. 

For 1st order polynomial expansion of subordinate color R as function of base 
color G, we have [7]: 
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 (4)

The coefficients ri that minimize the mean square error between the original R 
component in the region, and the approximated R component, are hence derived: 

 
( )5

The above summation is made upon all pixels in region i. 
The base color can be fixed - e.g. green, thus determining the subordinate colors 

to be red and blue. The base color for a region can also be chosen as the color 
component that has the highest correlation with the other two components, from 
the color triplet. The approach adopted in this algorithm, is to choose a base color 
for a region that minimizes the reconstruction error of all three colors in the region 
- i.e., minimum base and subordinate colors' approximation mean square errors 
(base color - BC, subordinate color - SC): 
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(6)

The average over p is for pixels in region i. RecErr refers to MSE reconstruc-
tion error. Utilizing other perceptual measures instead of MSE, might cause prefe-
rence and bias towards specific colors to serve as base colors, which might result 
in a smaller compression ratio. 

7. The coefficients of the optimal base color for each region, and coefficients of po-
lynomial expansion for subordinate colors are quantized. 

 
The stages of the decoder block are as follows: 

1. The segmentation contours are reconstructed from the compressed data. 
2. Region color texture is reconstructed from base and subordinate color coefficients. 
3. The contours pixels are each approximated by the pixels' color components of the 

surrounding dominant (maximal size) reconstructed segment. The inclusion of sur-
rounding pixels from only the dominant neighboring region in the interpolation of 
contour pixels is made to prevent smearing and blurring of contour areas in the fi-
nal reconstructed image. The transition between neighboring segments is made bit 
more abrupt [9], but we avoid the distorting smearing of colors in contour areas. 

The block diagrams for the encoder and decoder are given in Fig. 1. 
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Fig. 1. - Block diagrams of the encoder (top) and decoder (bottom) 

3 Application Details and Results 

Our main proposed developments to improve the quality of reconstructed images are: 

(1) Region Growing segmentation using full color information (Euclidean metric in 
RG B color space), rather than absolute distance in gray levels. 

(2) An optimization scheme for the selection of an optimal base color for each seg-
mented region. 

To demonstrate the superiority of the reconstructions attained from the compression of 
color images using the above developments, we examine the compression results on 
the images "Peppers", "SolidWorks" and "Lena". 

The parameters and thresholds are chosen as following: for Region Growing, the 
gray-level interval threshold [10] for merging a pixel to a region is chosen as 10 (/ 
256). In RGB Region Growing, the Euclidean distance threshold is reasonably chosen 

approximate to 23 10 17.32.⋅ =  The region size threshold for merging small regions 
is chosen as 10 pixels. The above parameters can be changed, to compare compres-
sions with same compression ratios by PSNR measure. 

In Fig. 2, the reconstructed images of the different compression procedures options 
are displayed, for the "Peppers" image. Here 'GL' stands for gray level; 'Optimal' re-
fers to optimal base color selection. The areas of the image containing perceptually 
discernible distortions between the reconstructed images and the original image are 
mainly the transition areas between the red and green peppers and the green pepper's 
stalk. This distortion is significantly reduced by the suggested approach, as can be  
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observed from Fig. 2(e), with RGB region growing and optimal base color. It is also 
noted that in addition to improvement in PSNR, optimal base color selection can lead 
to an increase in compression ratio (Fig. 2(d) and (e)), due to the possibility of approx-
imation of regions' colors textures by lower degree polynomials, thus leading to fewer 
coefficients required for the encoding. An improvement in PSNR by more than 1 [dB] 
is acquired by RGB Region Growing and optimal base color selection. Fig. 2(f) dis-
plays JPEG2000 compression, for same ratio as in 2(e). For this image, which exhibits 
a degree of smoothness, the JPEG2000 is superior to our method by PSNR measure. 
Visually, however, JPEG2000 produces a result that is somewhat blurred.  

The "SolidWorks" image was also examined, and a comparison of reconstruction 
results to JPEG [11] and JPEG2000 [12] compression algorithms was made. 

The difference between Figs. 3(b), 3(c) is very distinct. In Fig. 3(b) the colors of 
some parts of the solid are distorted, and these artifacts are diminished in Fig. 3(c). 
Fig. 3(d) displays the JPEG compression result, which produces lower PSNR than our 
method (5 [dB] difference) and much lower compression ratio than our algorithm.  
Fig. 3(f) displays the results of JPEG2000 compression algorithm for the same com-
pression ratio as in Fig. 3(c). Our method produces higher PSNR by more than 1 [dB]. 
This improvement exists in such structured images, but may be less pronounced for 
finely detailed, highly-textured images. 
 
 

 
 
Fig. 2.  Example of color image compression reconstruction results. (a) Original image.  
(b) Region Growing (GL), base color (G) PSNR = 24.4332 [dB], compression ratio 89.  
(c) Region Growing (GL), base color (Optimal) PSNR = 24.7226 [dB], compression ratio 92. 
(d) Region Growing (RGB), base color (G) PSNR = 25.3185[dB], compression ratio 92.  
(e) Region Growing (RGB), base color (Optimal) PSNR = 25.4374[dB], compression ratio 94. 
(f) JPEG2000 compression result, PSNR = 27.6061, compression ratio 94.  
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Fig. 4 presents the algorithm sample run on the image "Lena", with highly detailed 
texture [13] in the hair area. The visual improvement between images 4(b) and 4(c) is 
perceptually noticeable - the smearing effects around the eyes and mouth in Fig. 4(b) 
are reduced in Fig. 4(c).  

Table 1 contains information regarding the segmentation and compression of the 
presented images, when using RGB region growing and optimal base color selection 
procedure, e.g. number of segmented regions, contours properties etc. 

Table 1. Segmentation and compression information for presented images 

image Number of 

regions 

Avg. num. 

Coefficients - 

Green 

Avg. num. 

Coefficients - 

Red 

Avg. num. 

Coefficients - 

Blue 

Avg. contour 

length [pixels] 

Peppers 1329 2.51 1.97 2.32 18.18 

SolidWorks 356 2.14 1.86 2.4 10.91 

Lena 1253 2.63 1.85 2.22 21.14 

 
 

 
 
Fig. 3. A second example of color image compression reconstruction. (a) Original image.   
(b) Region Growing (GL), base color (G) PSNR = 27.0026 [dB], compression ratio 190.   
(c) Region Growing (RGB), base color (Optimal) PSNR = 29.2514[dB], compression ratio 190. 
(d) JPEG compression, PSNR = 24.2 [dB], compression ratio 85.   
(e) JPEG2000 compression, PSNR = 29.88 [dB], compression ratio 85. 
(f) JPEG2000 compression, PSNR = 28.16 [dB], compression ratio 190 (same as 3c). 
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Fig. 4. Another example of color image compression reconstruction. (a) Original image. 
(b) Region Growing (GL), base color (G) PSNR = 26.0021 [dB], compression ratio 81. 
(c) Region Growing (RGB), base color (Optimal) PSNR = 26.7238 [dB], compression ratio 83. 
 

RGB Region Growing produces segmentation maps that are more detailed and 
more correlating to the human observer's perception of segmentation. RGB segmenta-
tion, compared to gray-level segmentation, is more computationally consuming. The 
compression ratios of the suggested algorithm vary in the range 30-90 for typical 
images, and can go up to 200 for structured images with well defined color regions.  

4 Summary and Conclusions 

In this work, we have expanded and developed existing methodologies of color image 
compression using inter-color correlation between the color primaries. Past works 
have dealt with exploiting this inter-correlation by expressing some color components 
as a functional of a base component, thus reducing the amount of data required for 
representation. There has also been use of image regions acquired from segmentation, 
instead of NxN square blocks. We suggested making full use of the color information 
in the Region Growing segmentation process, and implementing an optimization [14] 
procedure for the selection of a unique base color for each image region, which mini-
mizes the colors' reconstruction errors (MSE) for that region. The above methodology 
can produce reconstructed results with higher quality than JPEG, for high compression 
ratios. It can also produce superior results compared to JPEG2000 compression stan-
dard for images of well-defined separate color regions. 

These two main developments have been shown to improve compression recon-
struction quality, each by its own, and together, both perceptually and by PSNR meas-
ure, with an increase in PSNR of more than 1 [dB] for examined images. 

Performing RGB Region Growing, instead of gray level, increases the compression 
PSNR measure significantly. Optimal base color selection can generally lead to an 
increase in compression ratio, by approximating regions' color textures of base and 
subordinate colors by lower degree polynomial functions, thus lowering the amount of 
bits required for encoding the color texture of an image. Our conclusion is that the 
proposed approach could improve the performance of presently available color com-
pression methods. 
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