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Abstract: A dynamic range compression technique is nec-
essary for displaying high dynamic range images on display
devices having low dynamic range. This paper presents a
new dynamic range compression method using gamma cor-
rections. Gamma corrections with different gamma coeffi-
cients are first applied to the observed image to generate sev-
eral candidate images. Then, the proposed method produces
the result image by adequately combining them according to
the weight functions based on local variances. The local vari-
ances are used aslocal weightsto bring out the detailed infor-
mation. Experimental results demonstrate that the proposed
method compresses the dynamic ranges of images by bring-
ing out the details not only in dark region but also in bright
region.

1. Introduction

Recently, high dynamic range (HDR) images have been
widely used for various purposes such as medical tomogra-
phy, industrial monitoring system, surveillance system, com-
puter vision system, scientific research applications, broad-
casting system, consumer appliances, etc [1]. The HDR im-
ages can be obtained by either using HDR imaging systems or
HDR reconstruction method based on signal processing. The
HDR imaging systems capture HDR images directly, and the
HDR reconstruction method restores an HDR image from low
dynamic range (LDR) images. It requires multi-frameimages
of the same scene, which are taken with different exposure
times[2]. Although HDR images are useful in many applica-
tions, most of the current display devices cannot fully display
the detailed information of HDR images, since the dynamic
ranges of them are much smaller than those of the images ob-
tained in the HDR environment. Therefore, a dynamic range
compression technique is necessary to display HDR images
on LDR display devices.

In order to show the information of HDR images as much
as possible under the LDR environment while maintaining the
images visualy pleasing to the user, a number of dynamic
range compression agorithms have been studied [3]-[10]. In
this paper, we propose a new dynamic range compression
method using gamma corrections. First, gamma corrections
with different gamma coefficients are applied to the observed
imageto generate several gamma-corrected images. Then, the
proposed method adequately combines them according to the
weight functions based on the local variances. The local vari-
ances are used to bring out the detailed information. Thelocal
variance becomes larger as the details in local area become
visible. Therefore, the local area which has the largest lo-
cal variance should dominantly influence on the result image
among the candidate images. As aresult, the local variances

are used as local weights to compress the dynamic range.

This paper is organized as follows. The characteristics of
gamma corrections and the detailed implementation of the
proposed method to combine several candidate images are
presented in Section 2. The experimental results of the pro-
posed method are presented in Section 3.and the paper is con-
cluded in Section 4.

2. Image dynamic range compression by
combining gamma-cor rected images

In this section, we introduce the characteristics of gamma cor-
rections, and explain the detailed implementation of the pro-
posed method.

2.1 Thecharacteristics of gamma corrections

Gamma correction is anon-linear operation used to compress
and expand luminance values in imaging systems. Gamma
correction is defined by the following power-law expression:

X 1
Y = (255)7 x 255, (1)
where X and Y arethe input and output values, respectively.
These values are non-negative real values. In the 8-bit digital
image, the range of valuesisfrom 0to 255. Thecasey > 1is
often called gamma compression, and v < 1 is caled gamma
expansion.

The proposed method uses gamma corrections to com-
press dynamic range. Figure 1 illustrates the characteristics
of gamma corrections. Figure 1 (a) is an example of an im-
age in which dark and bright regions coexist. Figure 1 (b)
and (c) are the results of gamma compression and gamma ex-
pansion achieved with Fig. 1 (a), respectively. As shown,
the gamma compression effectively brings out the detailed in-
formation in dark region. However, the details in bright re-
gion are saturated toward white. On the contrary, the gamma
expansion effectively brings out the detailed information in
bright region. However, the details in dark region are dimin-
ished. Therefore, if the results of gamma compression and
gamma expansion are adequately combined according to the
characteristics of the regions, we can bring out the detailsin
both dark and bright regions at the same time, that means the
compression of dynamic range. That is, the concept of the
proposed is to generate several gamma-corrected images as
candidate images for final compression result, and combine
them according to weight functions.

2.2 The choice of gamma coefficients

Gamma coefficients determine the degree of dynamic range
compression. However, if extremely strong compression is
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Figure 1. (a) The original image. (b) The result of gamma
compression : v=2.0. (c) Theresult of gamma expansion
1 v=1/2.0.

performed, it causesthe degradation of visual contrast. There-
fore, desirable gamma coefficients should be chosen to gener-
ate severa candidate images according to the characteristics
of the input images. The proposed method uses two candi-
date images, one is gamma compressed image for compress-
ing dark region, the other is gamma expanded image for com-
pressing bright region. The input image is divided into dark
and bright regions to decide gamma coefficients. Then, the
mean of each region is calculated as

Mg =7 X(i,j)/Na, if(X <), (2

My =Y X(i,5)/No, if(X > wm), (3

where X isthe input image, (i, 7) is the location of pixelsin
X. xz,, isthe middle point which is the criteria for dividing
the regions. M, and M, are the means of dark and bright

regions. Ny and N, are the number of pixelsincluded in each
region, respectively.

My, has the value from zero to z,,,, and M, has the value
from z,,, to 255. If M, is close to zero, it implies that the
pixelsincluded in dark region are crowded near zero. In this
case, strong gamma compression should be applied. On the
other hand, if M, is close to x,,, it indicates that the pix-
elsincluded in dark region are crowded near the middle point
Zm. Inthis case, the gamma coefficient should be close to
1, which corresponds to no compression. In the same man-
ner, if M, is close to 255, strong gamma expansion should
be applied. Also, if it is close to z,,, the gamma coefficient
closeto 1 should be chosen for gamma expansion. Consider-
ing these properties, the proposed method sel ects the gamma
coefficients as the functions of differences between the mean
of each region and z,,,. We model these functions as

e = a:8in ((“Tm _ Md)”) +1, (4)
2%

1 - . (Mb — .’Em)’/T

% = (S1ln <2(255—.’L‘7n)> —+ 1, (5)

where ~. and v, are the gamma coefficients for gamma com-
pression and expansion, respectively, and « isaweight.

« controls the strengths of gamma curves. Therefore, o
should be chosen by considering dynamic ranges of display
devices. For the devices, which need a stronger compres-
sion, « should be high, while for the devices, which need
a weaker compression, « should diminish towards 0, which
corresponds to o compression.

2.3 Thelocal weightsfor dynamic range compression

For each pixel position, the local variances are used as lo-
cal weights to bring out the detailed information. Figure 2
illustrates the relationship between the details in loca areas
and the local variances. Figure 2 (a), (c), and (e) are the par-
tially magnified images of Fig. 1 (@), (b), and (c), respec-
tively. These figures show one part of dark regions at the same
location in each image. Figure 2 (b), (d), and (f) are the par-
tially magnified images of Fig. 1(a), (b), and (c), respectively.
These figures show one part of bright regions at the same lo-
cation in each image. As shown, gamma compression brings
out the detailed information in dark region, while gamma ex-
pansion diminishes them in that region. That is, the result of
gamma compression shows better performance than that of
gamma expansion in dark region for the purpose of dynamic
range compression. On the contrary, gammaexpansion brings
out the detailed information in bright region, while gamma
compression diminishes them in that region. Bringing out the
detailed information in local area means the increase of local
variances. Therefore, thelocal variance becomes larger asthe
details in local area become visible. As a result, if we use
local variances as local weights, the result of gamma com-
pression dominantly influences on the output image in dark
region, and that of gamma expansion dominantly influences
on the output image in bright region. That is, the proposed
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Figure 2. (a),(b) Partially magnified images of Fig. 1 (a).
(¢),(d) Partially magnified images of Fig. 1 (b). (e),(f)
Partially magnified images of Fig. 1 (c).

method can compress both dark and bright regions at the same
time by adequately combining candidate images.

To generate candidate images, gamma corrections with
different gamma coefficients, which are chosen by equation
(4) and (5), are applied to the observed image. From these
images, the local variances are defined as

1

Vo= D (Gelinj) = M), (6)
(i,5)€H

Ve = % Z (Ge(imj) - Me)27 (7)
(i,5)eH

where G istheimage, which gamma compression with +, is
applied. G, isthe image, which gamma expansion with ~,
is applied. V. and V. are the loca variances of G. and G.,
respectively. H is aloca window, and NV is the number of
pixelsin H. (i, j) isthelocation of pixelsin H. M, and M,
are the local means of G, and G, which are defined as

MC:% Z GC(ihj)? (8)

(i,)€H
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M= Y G) ©

(i,j)eH

Finally, the output image where local weights are used is
produced by combining G. and G.. It is expressed in equa-
tion as
Ve x Ge+ Vo x G

Ve+ Ve

When both V. and V,, are zero at the sametime, V., and V,

are dtered to different values to avoid dividing by zero as

if(V,=0and V, =0), (11)

Outputy, = (20

Ve = BV. and V. = BV,

where BV, and BV, arethe latest non-zero values among the
previous V.. and V,, respectively. BV, and BV, are defined as

BV.=V,, if(V.#0), (12)
BV, =V,, if(V. #0), (13)

where V, and V, are the previous local variances.

3. Experimental results

In order to demonstrate the performance of the proposed
method, we present some simulation results (" church” image
of 480 x 640 size) in this section. During the simulation,
« which controls the strengths of gamma curves was varied,
and the calculations of the local means and variances were
carried out in the 3 x 3 local window. Figure 3 () isthe orig-
inal " church” image which is taken by a digital camera. In
this figure, most of the objects in dark region are not clearly
visible. Asshownin Fig. 1 (b) and (c), if only gamma com-
pression is applied to the image, the details in dark region
become noticeable but it causes the saturation of the signals
in bright region. On the other hand, if only gamma expan-
sion is applied, the details in bright region become vivid but
it causes the loss of the signalsin dark region. The proposed
method exploits the advantages of candidate images by using
the local weights. Figure 3 (b)-(d) is the results of the pro-
posed method. As shown, the proposed method significantly
enhancesimage quality by bringing out the details not only in
dark region but aso in bright region.

4. Conclusion

We have presented a new method for compressing the dy-
namic range in this paper. The goal of dynamic range com-
pression is to show the information of HDR images as much
as possible under the LDR environment. For the purpose of
dynamic range compression, we use gamma corrections that
is simple and computationally efficient. First, the input im-
age is analyzed to choose proper gamma coefficients. Then,
gamma corrections with different gamma coefficients are ap-
plied to observed image to generate several candidate images.
The proposed method combines them according to the weight
functions based on local variances. The local variances are
used as local weights to bring out the detailed information.
Simulation results show that the proposed method produces
visually good resultsin terms of dynamic range compression.
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Figure 3. (8) The original image. (b) The result of the pro-
posed method : «=0.5. (c) The result of the proposed
method : «=1.0. (d) The result of the proposed method :
a=1.5.
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