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ABSTRACT

The process of selecting a small number of representative colors from an image of higher color resolution is called color
image quantization. Theultimate goal of color image quantization isto minimizevisibledistortion. Whileits application
as aframe buffer technique requires that algorithm efficiency is crucial. In this paper, asignificantly faster quantization
strategy than previous methods. median cut, variance, or octree-based algorithms, etc., is suggested. The new
perceptually algorithm integrated with gamma correction produces result approximately as accurate as previ ous methods.
Overall, the new proposed method is a preferabl e tradeoff between the quantizer complexity and visible distortion of the
guantized image.
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1. INTRODUCTION

Traditionally, color image quantization is used to reproduce 24-bit images on graphics hardware with a limited
number of simultaneous colors. Even though 24-bits graphics hardware is becoming more affordable, color image
guantization will ill retain its practical value on relieving valuable frame buffer space for animation, window
applications, and other graphics functions.

In 1982, Heckbert[1] proposed the popular median-cut algorithm. The partition point is the median point of the
projected color distribution along the coordinate axis with the largest color spread. Later, sweeping a cutting plane
perpendicular to the R, G, B axes separately, Wan[2] split the box at the position where the variance of the marginal
distribution in the corresponding axisis minimized. Ancther two relatively fast algorithms are octree algorithm([3] and
local K-mean algorithm(abbr. LKM) [4]. The principle of octree algorithm isto sequentially read original color stored in
an octree of depth 8 (every leaf at depth 8 represents a distinct color). The LKM algorithm is similar to gradient
guantization techniques used in gray scale image coding[5] and much faster than the classical K-means algorithm[6].
Considering the time-consuming transforms twice between RGB color space and perception uniform color space, the
implement of above algorithms all work in RGB.

Motivated by the fact that previous algorithms are without regard to the perception of human vision, we proposed a
new perceptually scheme integrated with gamma correction, which bypass the predicament that conversion of color
spaces may bring and is significantly faster and approximately as accurate as previous methods. This paper is organized
asfollows. In next section, the formulations of the color quantization problem and a distortion measure to minimize the
total quantization error are presented. Then, a quantity -Luma [7], which is roughly perceptually uniform, and gamma
correction [ 7] areintroduced. In section 3, the strategy of our algorithm is suggested in detail. Section 4 demonstratesthe
algorithm compl exity, aperformance comparison including the quality and RMS[8] error of quantized test image. At last,
some related techniques are discussed in section 5.

2. RELEVANT CONCEPTIONS

2.1 Formulation of Color Quantization Problem
Mathematically, color quantization can be formulated as a large-scale clustering problem[9]. A color image of N

G = (Ci,O’Ci,l’Ci,z) 1<i<N

pixelscorrespondstoaset Sof N paints, , inathree-dimensional color space such asRGB,
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guantization error E.
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The representative colors for each region isthe average of all the original colors the region encloses.

2.2 Gamma Correction

A meaningful measure ”' J” should be performed in a perceptually uniform color space, in

whichHCO’ClH - HCl’CZH it 0and Cidiffer asmuch as Ctand C2in visual sensation. Thus, a perception uniform L* u*v*
space (CIE 1976) isrecommended. ThelightnessL* isthe perceptual responseto luminance] 7] and defined asfollowing:
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Here, Yn is the luminance of the white reference. Y indicates luminance, formed as a weighted sum of R, G, and B

components. In fact, in video a nonlinear quantity luma Y’, which is roughly perceptually uniform and formed as a

weighted sum of R', G', and B’ [7], isused instead of CIE luminance Y. Namely, aidentical nonlinear transfer function

—gamma correction —is applied to each of R, G, and B components then output R', G', and B'. Here, we introduce the

Rec.709 transfer function[7] based on a power function that mimicsthe lightness senditivity of vision. Theoreticaly, this

pure power function suffices for gamma correction. Two non-linear power transfer functions to each of trisimulus are
described as following:

R'= (R< 0.018?4.5R : —0.099 +1.099R*®) @
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Using color systems such as CIE L*u*v* is computationally prohibitive, but in practice it is adequate to use R' G' B'
componentsinstead in color quantization.

R=(R'<0.081?R'/4.5:

3. THE PROPOSED ALGORITHM

3.1 The strategy embedded gamma-corr ection

If gamma correction is adapted to previous methods most of which are estimated in order of second even minute, a
fairly considerable timeisimpractical for implement of real-time system. In addition, uniform algorithm is noticeably
quick, easy to implement but does not yield very good results. If this algorithm is applied in a non-uniform manner that
the axes are broken on alogarithmic scaleinstead of linear since the human eye cannot distinguish dark colors aswell as
bright ones, it will produceonly slightly better resultsfor itsimageindependence. Thus, if gammacorrection isintegrated
into calculating the similar division position in image-dependent algorithm, it may quickly generate afairly nice result.



Motivated by the idea above and using the divide-and-conquer strategy[16] for both spatial and quota divisions, we
propose a new pre-clustering approach[6]. To address the implement issue to real-time system, the fast quantization
algorithmisstill performed in RGB color space. The color box that will be partitioned is"shrunk” tofit tightly around the
colorsit enclosed by finding the minimum and maximum val ues of each color coordinate. Introducing gamma correction
to calculate the further division position in RGB color spaceis a practical solution that incurs negligible computational
cost but scales the RGB space to partially compensate for its non-uniform nature. And the result is actually satisfied and
superior to tricks [17] proposed by G Joy that each color cluster is bounded by its rectangular extent in the RGB color
space, with a2:1:4 proportional cluster sizelimit for red: green: blue. Moreover, toimprove the effect of gradually-shade
areas especially in photographic image, each subbox is not binary split one at atime in total isolation from each other.
Two new generated subboxs have redundancy on the boundary points.

3.2 Theimplement of algorithm

The main implement of our quantization algorithm is decribed as followed:

(1) Always assign the subbox with the largest size in RGB for further partition. It can partly aleviate the problem
that the box with alarge quantization error may not be chosen for further partition since our partition criterion iswithout
any regard to the contents of the box.

(2) Perpendicular to the RGB axiswith the largest R'G'B’ color spread by Eq. (4), the partition plane pass through
the RGB cut-point corresponding to halved point of that RG'B spread. For example, when R axis is considered, the
midpoint of the projected color spread along the R' axisisfirst calculated by (4). Then, the cut-point in R axisis obtained
by applying (5) to that midpoint in R' axis.

(3) The subbox is orthogonally divided with redundant boundary points through cut-point obtained above. Then,
repeat step (1) to (3) until the number of subbox equal to the number of color map K.

(4) Therepresentative color of each subbox is calculated tofill the color map. Finally, theoriginal imageisredrawn
by mapping each color pixel to the color map.

After theimplementation of the above steps, our quantization algorithm produces approximately as accurate result
as previous methods do in a significantly faster way.

4. THE COMPARISON AND ANALYSISOF TEST RESULT

A significant form of distortion often encountered in a quantization imageis usually visible as contouring and loss
of image detail, especially in a computer-synthesized image or a high-quality photographic image with gradually shaded
aress.

Firstly, the area of the image always takes on a stairstepped appearance as opposed to a smooth ramp. Introducing
gamma correction, the algorithm actually trades tone to adapt reproduction to the perception of human vision in
gradually-shade area. It isaccord with that the human visual system is not able to determine the absol ute val ue of a color
and moresensitiveto color variations. Furthermore, the redundant boundary color points create a favorable smooth ramp.
Here, al SO test photographicimage called "snooker"[see Fig.1] is presented. For K=256, acomparison among the result
of our agorithm [see Fig.2] and those of other methodgsee Fig. 3-7 ] including that without gamma correction (i.e.
cut-point isthe halved point in largest spread in RGB) aregiven. In Fig.2, the shadow of snooker and the gradually-shade
appearance of table are significantly more realistic than Fig.3. Fig.2 is obviously superior to Fig.4 and Fig.6 no matter
when the shadow or surface of ball isconsidered. Moreover, eval uated from the subjectiveimagefiddlity, our result isalso
dlightly superior to Fig.5 and approximately as accurate as Fig.7.

Secondly, significant image information is carried by some distinct but "rare" colors. If a quantization algorithm
approximatesthe more popular colors, the average distortion might be small, but the "rare" colors of the original will be
lost. Fortunately, the"rare" colorsarekept in our algorithm. Asfollowing, the quantized image of test image called “dog”
are demonstrated by various algorithm for K=16. Our algorithm isvisibly superior to othersin the region of dog tongue.
Besideit, the entire effect of quantized image is also approach to the result of octree algorithm.Finally, thereis no delay
when it performsin acommon PC. In Pentium I1, it costs about 0.10 second including pre-quantization from 24 bitsto 15
bitsfor K=256 quantized result of 320* 240 1 SO test image "snooker". Even it absol utely meetsasan on-linealgorithm for
color quantization, i.e., dynamically update the contents of the color image according to the change of color distribution
in time, for instance, during animation. The RMS error and time complexity comparison between our algorithm and
others are summarized as follows.



(K=256) for snooker (K=16) for d

our algorithm 11.41 23.48
Median Cut 4,12 16.44
Local K-means 4.33 22.70
Octree 1.74 15.70
Uniform 23.02 117.50

Table 1. RMS error comparison

our algorithm O(N)

Median Cut O(mlogKNIogN)

Local K-means Cant be quantitatively defined, execution timeislonger than that of our algorithm.

Octree The average case needs to address the complexity of the merging algorithm, best caseis O(N).
Uniform O(N)

Table 2. agorithm time complexity comparison

(N isthe number of point in source image in am- dimensional color space, K is the number of entry in color map.)
Here, new algorithm is one of quantization algorithms with the lowest time complexity. And its quantized results

are best in al algorithm with time complexity O(N). In the other hand, RMS error of new algorithm is much more

Fig. 1 snooker (24bit/pixel color test image)

Fig. 2 our algorithem Fig. 3 without gamma correction




Fig. 4 uniform agorithm Fig. 5 median-cut algorithm

LKM algorithm Fig. 7 octreeagorithm

Fig. 8 dog(24bit/pixel test color image) Fig. 9 our algorithm Fig. 10 median-cut algorithm

5 S el Do I

Fig. 11 LKM algorithm Fig. 12 octree algorithm Fig. 13  uniform algorithm

inferior to the percelved image quality in our algorithm for its trading tone to optimal visual aesthetics. Whereasiit is
regarded worthy since the ultimate judgement of any quantization algorithm in practice should be subjective image
fiddlity.



5. DISCUSSION AND CONCLUSION

Currently, our proposed algorithm has been successfully applied to CAPSP[12], an intelligent CAD/CAM Weave
System. Some related techniques are discussed below.

(1) Thealgorithm tradetone to generate afavorabl e gradual ly shaded area more meet with visual aestheticsin quantized
image. Thus, some compensation according to the calibrated tone of original image can be adjusted to the quantized
image.

(2) As the number of available output colors K decreased, percelved image quality is degraded. For K<64, spatial
halftoning techniques[13] can be used to increase the number of perceived colors beyond that actually present at the
imaging output.

(3) Perceptual color measurement doesn't suffice to quantify perceptual color distance since image context also plays an
important role in human vision. Several researcherg[14]have been trying to extract and use contextual information to
guide the quantization process.
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