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Abstract — The paper proposes a colorfulness enhancement of pictorial
images using image classifier based on chroma histogram. This ap-
proach firstly estimates strength of colorfulness of images and their
types. With such determined information, the algorithm automatical-
ly adjusts image colorfulness for a better natural image look. With the
help of an additional detection of skin colors and a pixel chroma ada-
ptive local processing, the algorithm produces more natural image
look. The algorithm performance had been tested with an image qual-
ity judgment experiment of 20 persons. The experimental result indi-
cates a better image preference.

Key words — colorfulness enhancement ; image classification ; chroma
histogram

Manuscript Number: 1674-8042(2010)02-0112-04
dio: 10.3969/j. issn. 1674-8042.2010.02.03

1 Introduction

In a computer-based image processing system and in
consumer electronics such as DTV-System, the colorful-
ness of still and moving pictures is altered by various rea-
sons. Possible reasons are a systematic capturing error by
an image Pick-Up system, a device dependent color cor-
rection system and an influence of a transfer channel. Es-
pecially in DTV system, the fluctuation of image colorful-
ness occurs in dependence of time and broadcasting chan-
nels. As a result, it sometimes produces unnatural image
look. Hence, it may be needed to adjust the colorfulness
of images timely in optimal stand"’. To do this, a conv-
entional method adjusts the amplifying gain of chromi-
nance signals. However, such type of simple enlargement
of the colorfulness may not be sufficient for various types
of images and memory colors, which typically registered
in human brain like skin, green grass, and blue sky colors
respectively >

As well-known, image quality is a very complex psy-
chophysical function, which usually depends on physical
attributes of image quality, a type of scenes, and a cogni-
tive influence of observers*®'. Therefore, overall increas-
ing of an image quality is a very big challenging task and a

* Received: 2010-03-08

time consuming process. So, in this paper, we limit and
try to enhance only a colorfulness of image as one of
physical factors for the image quality.

2 Image enhancement algorithm

In order to enhance image quality, we classified the
image types and computed an amount of colorfulness using
a Probability Density Function (PDF) of chroma signals
of individual images.

From the determined chroma PDF, a type of images
can be classified into a natural, a monotone, and a test
pattern type images. With this information, a scene type
adaptive gain is globally applied to the entire image pixels
to enhance the colorfulness. This art of scene adaptive
processing ensures more natural image look of enhanced
images and could be maximized image preference to ob-
servers.

Return to the scene type detection algorithm, a typi-
cal natural image usually has a continuous distribution in a
chroma PDF. However, most pattern-like images usually
have a discrete distribution of histogram. So, we deter-
mined the decision property P in Eq. (1) which is an aver-
age sum of absolute differences of the neighbored proba-
bility density distributions of the chroma histogram H(7).

§Z\H()—H(z+1)| (1)

where N is the total number of bins.
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Fig.1 Image type decision

Using the determined P , the pattern gain g, (P) can
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be calculated by the predefined function in Fig. 1. As
shown in Fig.1, the gain will be decreased from P =2 to
P =1, where two threshold values represents as decision
bounds for natural and pattern image types. Thereby, the
threshold values may be obtained experimentally, typical
values in our experiments Th,, = 0.5 and Thy, = 0.9.
The g, gain is superior to any other gains in the following
chapters and it can adaptively suppress the chroma en-
hancement in function of scene types.

Using the determined P , the pattern gain g, (P) can
be calculated by the predefined function in Fig. 1. As
shown in Fig.1, the gain will be decreased from P =2 to
P =1, where two threshold values represents as decision
bounds for natural and pattern image types. Thereby, the
threshold values may be obtained experimentally, typical
values in our experiments Thy,, = 0.5 and Thyy, = 0.9 .
The g, gain is superior to any other gains in the following
chapters and it can adaptively suppress the chroma en-
hancement in function of scene types.

In addition, an average colorfulness of a scene can be
determined from the chroma PDF. This representative
mean chroma let us know how much colorful of the input
image is. According to the previous research result on the
image quality”*>*", we applied the enhancing gain in
function of the determined mean chroma Cy, like in Fig.2,
so that a level of colorfulness of an individual image may
be tuned in a more preferred stand. The heuristic value of
Tm and Th can be chosen in the range of 0.25~0.3 and
0.5~0.6, so that images with low chroma may be en-
hanced into images with a sufficient colorfulness.
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Fig.2 Mean chroma CM adaptive enhancing gain gM

After the global processing, a local enhancement can
be applied further. The aim of the local processing is
thereby a pixel-based colorfulness enhancement and a se-
lective control of an unnatural effect of skin colors.

To do this, a chroma level of each pixel must be de-
termined first of all. And then, according to the Fig. 3,
an enlargement gain g; (C) can be computed for the chro-
ma C . This local gain g, (C) should be applied to the
chrominance signal of each pixel. As shown in Fig.3, the
gain is constructed in function of the determined chroma
C . The gain increases from unity (bypass) to a free se-
lectable maximum gain ( g,..) until a certain level of
chroma Te (roughly 3040% of maximum chroma C,,, ),
which has been determined experimentally, and over this
level decreases to unity reversely. This shape of the gain
function was considered by the previous research result in

which the image quality can be increased with the increas-
ing chroma until about 60% of the maximum chroma®™'.
In addition, highly saturated colors by this process do not
exceed the range of color gamut so that an expensive gam-

ut mapping algorithm does not required, respectively”’g] .

Fig.3 Pixel enhancing gain for pixel chroma C

The algorithm together with the global and the local
enhancement usually can elevate the colorfulness of im-
age. However, an over-enhanced chroma value in human
skin colors-disturbs a natural image look. Therefore, a
suppression chroma gain of image pixels around the skin
color range had been added in the system. Thereby, the
range of the ideal skin color had been determined by the
dichromatic skin model in the 3-dimensional color space
under D65-illuminant (Tab. 1) .

Tab.1 Ideal human skin color range in ITU-R. BT.709 YCBCR color space
Y Cb Cr C H
Ideal skin ~ 0.38~ -0.12~  0.05~ 0.078~ 123°~
tone range 0.7 —0.05 0.1 0.153 152°
Mean(m) 0.51 —-0.074 0.098 0.124 126°
Variance(s)  £0.08 £0.02 £0.01 £0.018 +8°

In the algorithm, if the color range of a given pixel is
far from the defined 1 — o skin range in the three dimen-
sional YCbCr color space, the enhancement of chroma
can be applied in normal way. In contrast, if a color of
pixel locates in the defined skin color range, a suppressing
chroma gain is calculated in function of the distance from
the mean coordinates ( (Y,,, G, , C,) or (Y,, C,,
H,,) ) of ideal skin color. And, it might be applied to
suppress the chroma enhancement of the skin colors so
that the naturalness of the human skins could be pre-

served.
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Fig.4 Algorithm block diagram

The block diagram of the total color enhancement
system shows in Fig. 4. The system had been implemented
for YCbCr standard color space for DTV'"?. For input
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YCbBCr signal, the pixel chroma should be computed first
of all. In the following, the local gain can be calculated
for this chroma on one hand, on the other hand the chro-
ma PDF can be build up for whole image pixels. Using the
constructed PDF, we can compute the average chroma for
image frames, the decision value P for an image type, and
also image type dependent gains (gp , gy ) successively. For
the skin color detection, the input rectangular coordinate
signals (C, ,C,) can be transformed to the polar coordi-
nate signals (C, H) via chroma and hue computation
block in Fig. 4, in order to make a simple detection of the
skin color region. With these values, the suppressing skin
color gain can be calculated. All computed gains and one
additional user gain can be merged as a final enhancing
gain for each pixel g(7) .
gli) =g, g +gu-gli) g (2)
Finally, the total gain g(7) can be applied to the in-
put chrominance signal (C,,C,) to enhance the colorful-
ness of images.

3 Results

Typical results of the algorithm are found in Fig. 5,
6, 7. If an input image has a poor colorfulness like
Fig.5(a), the algorithm enhances the colorfulness of the
image like Fig. 5(b). However, if an input image has
enough colorfulness like Fig.5(c), the algorithm does not
elevate image colorfulness like Fig.5(d).

Fig.5 Typical colorfulness enhancement based on a mean chroma of in-
put images: (a) input image with poor colorfulness, (b) enhanced output
for (a) image, (¢) input with good colorfulness, (d) bypassed output for
(c) image
For pattern and monotone type images, the pattern
detection algorithm will be active so that the pattern im-
ages, which are originally designed for test, can be then
bypassed. For monotone type images, the algorithm adap-
tively reduces the enhancing gain for the natural image
look. Because of the human visual system, an observer
perceives more colorfulness of monotonic images than
normal complex images like Fig. 5. Fig. 6 shows this
monotone type image simulation. The input image
Fig.6(a) with the monotonic sky tone was enhanced with-
out the adaptive gain gp , it resulted in an over-enhanced
colorfulness for the human observer like Fig. 6(b). This

effect especially comes out on a large screen size display.
Fig.6(c) indicates the result with reduced colorfulness by
the adaptive gain gp for natural image look.

(b)

Fig.6  Monotone type image enhancement: (a) input image, (b) output
without gain g, , (c) output with gain g,

Fig.7 (a) input, (b) conventional enhancement output(unnatural skin
colors), (c) detected skin colors, (d) output image with skin color sup-
pression

Fig.7 shows the result of the selective skin color con-
trol. The input image (Fig.7(a)) will be enhanced with-
out the adaptive skin color processing, so achieved the
output image with the unnatural skin color like Fig.7(b).
Fig.7(c) shows the image with skin color region detec-
tion. The detected skin color pixels are marked in grey.
Thereby some buildings in the background are also detect-
ed as a part of the skin color. With a reduced color gain in
the detected skin color region, shows the output result in
Fig.7(d) with more natural image look. At the same
time, the other colors have been enhanced in normal way.

4 Image qulaity evaluation

The developed algorithm had been tested for 20 ob-
servers (5 females and 15 males) in the age range of 23~
35 using the Double Stimulus Continuous Quality-scale
(DSCQS) method of ITU-R. BT-500 with the 5-step scale
values (much better (5), better (4), equal (3), bad (2),
and worse (1)), The 10 test images are selected from
the published KODAK images and their colorfulness are
reduced to the 50% and 25% saturation by the conven-
tional Adobe Photoshop. So, total 30 input images were
made (Fig.8). These original images and the output imag-
es by the proposed algorithm were pair-wise showed to the
test person according to the DSCQS method of ITU-R.
BTS00 recommendation.

The test result shows in Fig.9 as the statistical box-
whisker plot and their statistical reports in Tab. 2. The
image quality enhancement by the proposed algorithm is
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clearly increasing with the decreasing saturation of the test
images. Total image quality enhancemeot! has been re-
ported in the average 3.77 and the variance about 0.56.

Fig.8 (a) KODAK test images, (b) images with reduced saturation to
50% and 25%
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Fig.9 Image quality observer test
Tab.2 Statistical report of image quality

Test image set

- 100% 50% 25% Total
(saturation)

Mean(m) 3.4 3.88 4.04 3.77

Variance(s) 0.41 0.59 0.48 0.56

5 Conclusion

In the paper, the statistical distribution of chroma
based colorfulness enhancement of an image has been in-
troduced, in which two major terms of the mean chroma
and the pattern decision value P of an image are evaluated
from the chroma histogram. They are taking into account
as the decision parameters for the enhancing color gain.
Besides, the local gain function has been applied for the
chroma enhancement of each pixel. With these, a typical

colorfulness enhancement of images may be achieved by
the proposed algorithm.

However, with this concept may not sufficient for
variety scenes in real world. One of disturbances is the
skin tone problem. The simple skin tone detection algo-
rithm was applied to detect skin colors and it allows sup-
pressing the chroma enlargement of the skin colors. But,
the introduced simple detection algorithm is not able to
distinguish the human skin from other objects with the
same skin colors. But it is rarely significant for human
eyes, because the algorithm keeps the original color (by-
pass). The other enhancing task is the process for the pat-
tern and monotone type image. The algorithm preserves
the pattern type image and performs an adaptive enhance-
ment for the monotone type images.
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