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Image Enhancement Using a Contrast Measure
In the Compressed Domain

Jinshan TangSenior Member, IEEEEli Peli, and Scott ActonSenior Member, IEEE

Abstract—An image enhancement algorithm for images com- A key step in the direct image enhancement approach is
pressed using the JPEG standard is presented. The algorithm is the establishment of a suitable image contrast measure. For
based on a contrast measure defined within the discrete cosine simple patterns, two definitions of contrast measure have been
transform (DCT) domain. The advantages of the psychophysically frequently used. One is tdichelson contrast measufg]; the
motivated algorithm are 1) the algorithm does not affect the com- : -
pressibility of the original image because it enhances the images other is theweber (;ontrast measu(see [10]). The Mlchelson. .
in the decompression stage and 2) the approach is characterizedContrast measure is used to measure the contrast of a periodic
by low computational complexity. The proposed algorithm is pattern such as a sinusoidal grating, while the Weber contrast
applicable to any DCT-based image compression standard, such measure assumes a large uniform luminance background with
as JPEG, MPEG 2, and H. 261. a small test target. Both measures are therefore unsuitable

Index Terms—Compressed domain, contrast measure, discrete for measuring the contrast in complex images. A number of
cosine transform (DCT), human vision system, image enhance- contrast measures were proposed for complex images [5]-[7],
ment, JPEG/MPEG. [10], [11]. A local contrast measure is proposed in [6], where
the contrast is measured using the mean gray values in two
rectangular windows centered on a given pixel. Another con-
trast measure based on a local analysis of edges is defined in

HE GOAL of image enhancement is to improve the7] and is derived from the definition in [6].

image quality so that the processed image is bettergecause human contrast sensitivity is a function of spatial fre-
than the original image for a specific application or set @juency, an image’s spatial frequency content should be consid-
objectives [1]. Many image enhancement algorithms haeged in the definition of contrast. The contrast measure proposed
been proposed. One of the most widely used algorithmsiis[10] explicitly satisfies this requirement. That definition of
global histogram equalization [1], which adjusts the intensitgcal bandlimited contrast assigns a contrast value to every point
histogram to approximate a uniform distribution. The maim the image for each spatial frequency band. For each frequency
disadvantage of global histogram equalization is that the gloligind, contrast is defined as the ratio of the bandpass-filtered
image properties may not be appropriately applied in a logahage at that frequency to the image lowpass-filtered to an oc-
context [2]. In fact, global histogram modification treats allave below the same frequency. This multiscale contrast struc-
regions of the image equally and, thus, often yields poor locglre has found wide applications especially in image processing
performance in terms of detail preservation. Therefore, sevegabblems related to the human vision system [8], [10].
local image enhancement algorithms have been introduced tdrhis letter provides a new contrast measure that can be used to
improve enhancement [2]-[8]. Each of these algorithms cafeasure the contrast of images in the DCT domain. The contrast
be classified into two types of image enhancement methagigasure is defined as the ratio of high-frequency content and
[4]: indirect image enhancement methods and direct imagifiv-frequency content in the bands of the DCT matrix. Like the
enhancement methods. The algorithms described in [2] agshtrast measure defined in [10], our contrast measure also has
[3] belong to the class of indirect image contrast enhancemeninultiscale structure that corresponds with the human vision
methods, since they enhance the image without measuring §jstem. Based on this contrast measure, an image enhancement
contrast. The algorithms described in [4]-[8] are called diregigorithm for direct application to the compressed domain is de-
local contrast enhancement methods because they estabjilped. The basic idea of our algorithm is to filter the image
a criterion of contrast measure and enhance the imagespymanipulating the DCT coefficients according to the contrast
improving the contrast measurement directly. measure defined. The proposed algorithm has the following ad-

vantages: 1) the algorithm does not affect the compressibility
of the original image; 2) given a majority of zero-valued DCT
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. INTRODUCTION
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Engineering, University of Virginia, Charlottesville, VA 22904 USA (e-mail: L .
jtew@virginia.edu). A. Preliminaries
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Boston. MA 02114 USA_p y A JPEG system is composed of an encoder and a decoder.
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8 x 8 blocks. Then, the two-dimensional DCT is computed for
each 8x 8 block. Once the DCT coefficients are obtained, they

d d
are quantized using a specified quantization table. Quantiza- % 7
tion of the DCT coefficients is a lossy process, and in this step, dg 4y
many small coefficients (usually high frequency) are quantized B B
to zeros. The zig-zag scan of the DCT matrix followed by en- 7
tropy coding makes use of this property to lower the bit rate re- dy  dy
quired to encode the coefficients. In the decoder, the compressew = J J
image is decoded and then dequantized by pointwise multiplica- 46 47
tion with the quantization table_ and invgrge-D_CT-transformed. Ay dy,  dg,  dg  dg,  dg  dg  dg

Let {z; ;} be an 8x 8 block in the original image, and the
DCT transform of itis{d}, ; }. The 2-DCT transformation is ex- d0 4o e de Y s e
pressed as 43 a5 a3 13 d14 475 476 an
707 . .
c(k)e(l) (2i4+1)km (2§ +1)im
dp,;= ) Z mecos ET cos 16 Fig. 1. DCT output block.
i=0 j=0
@ | o
wherek,l =0,1,...,7, and is the average amplitude over a spectral band. Fig. 1 illustrates
] the first and fourth bands and
_J1/V2, ifk=0
c(k) = . (2)
1, otherwise.

N:{t—l-l, t<8 ©)

The DCT inverse transformation can be expressed as ld—t+1, t=8

c(k)e(l) (2i+1)kr (2j+1)lr Here, for the sake of simplicity, we assume that visual acuity is
d —— |JCOS| ————

7 7
Tij= Z Z 1 16 16 isotropic.
3) The definition provides a local contrast measure for each band
wherei, j = 0,1 . (n > 1) in the I_DCT domain. The contrast measugén thenth_
From’ '(3) W’e 73.e'é7thlat each; ; represents the contribution bandis thg ratio of the frequency content of the bandpass image
correspond’ing to théith waveform [12] and the coefficients block obtained by theth band and the frequency content of the
) : lowpass image block that can be generated using (3) by retaining
dr,; in the output DCT block are arranged left to right, and to
to bottom in order of increasing spatial frequencies in the hoE

Il of the bands in which the band numbers are lessithaius,

zontal and vertical spatial dimensions, respectively. He _definition of our co_ntrast _m(_az_;lsure has a multiscale structure

The spatial frequency properties of the DCT coefficients prglmIlar to [5] and [10] in a primitive sense.
vide a natural way to define a contrast measure in the DCT
main. Itis known that the human visual detection depends on
ratio between high-frequency and low-frequency content [10]. There are three ways to enhance the JPEG compressed im-
Thus, the contrast measure can be defined as the ratio of higges. The first is to enhance the image before compression.
and low-frequency content in the bands of the DCT matrix. However, there are two disadvantages of this approach. One is

We first classify the coefficients into 15 different frequencyhat enhancement will reduce the compressibility of the original
bands. The:th band is composed of the coefficients with=  image; the other is that it will affect all the receivers. The second
k + 1. A band defined by, = k + [ gives a diamond-shapedway is to enhance the image after decompression. Because the
approximation to a circle and, thus, selects approximately eq@aistcompression approach does not affect the compressibility of
radial frequencies. Therefore, the image block generated usthg original image, it is often adopted. In this letter, we consider
(3) by retaining only one band can be thought of as the bardirect enhancement in the compressed domain. The basic idea
pass version of the original image block. As the band numbekthis method is to enhance the image by manipulating the DCT
increases, the frequency content of the bandpass image bleegfficients. Compared with the image enhancement in the spa-
corresponds with higher frequencies and, thus, creates a pritieit domain, this method can reduce storage requirements and
tive multiscale structure. Our local contrast measure is definedmputational expense as the majority of the coefficients in the
on each band with band number more than 0. The contrast atifeT domain are zeros after quantization.
nth band ¢ > 1) is defined as The proposed image enhancement algorithm is based on the

5 contrast measure proposed in Section II-A. Let the contrast
n_I” (4) of the original block beC' = (ci,ca,...,c14), Wherec, is
Y E the contrast at a specific frequency band corresponding to
t=0 E,, and let the contrast of the enhanced block be denoted by
where C = (é1,¢,...,c14). If, for example, one wishes to enhance
S |l the contrast uniformly for all frequencies, then

k4=t
E, = T (5) Cp = )\Cn (7)

d[ﬁé Image Enhancement in JPEG Domain

Cp =
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Fig. 2. Enhanced images using different algorithms. (a) Decompressed JPEG image. (b) Global histogram equalization. (c) Local histograom ¢2jualizat
(d) The proposed contrast-measure-based methodwith1.95.

leading to where
n—1 _
E, _ \E, > B
"EIE, =Ch = Ay = nilE : (8) H, = Tt:(i , n>1. (10)
t=0 ' t=0 ! tz—:() By

Equation (8) can be stated as From (9), we can obtain the enhanced DCT coefficiehtsas

dyi = Ny q1dy 1, k+1>1. (11)

B H, (n =1,2,...,14) can be obtained by recursion. The pro-
E, =\H,E,, n>1 (9) posed algorithm can be summarized as follows.
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perior to that obtained by local histogram equalization as the
local enhancement artificially overemphasizes local details.

In addition to the comparison between histogram equalization
methods and the proposed algorithm, we also compared the pro-
posed algorithm with another DCT-based enhancement method:
the alpha-rooting algorithm [13], [14]. In this algorithm, the
magnitude of each DCT coefficient is raised to a powe(
is a positive real number). Lé}, ; be the DCT coefficients; the
modified DCT coefficienti;,l is expressed as [14]

djyy = dpey |dia|* " (13)

Fig. 2(e) displays the enhanced image by the alpha-rooting al-
gorithm. The value ofr used in our experiments is 0.98, which
was obtained by a subjective test. Comparing the resultantimage
from the proposed method with the alpha-rooting algorithm,
one can see that the image obtained with the contrast-measure-
based method retains more detail than the image obtained with
the alpha-rooting algorithm. The image obtained by the alpha-
rooting algorithm is darker than the original image when ob-
served on the screen; however, the printed version differs (the
difference between the screen view and the printed version is

Fig.2. (ContinuedEnhanced images using different algorithms. (e) Enhance
image using alpha-rooting algorithm with= 0.98.

ddue to the nonlinear gamma response of the monitor).

IV. CONCLUSION

In this letter, we have described an image contrast enhance-
ment algorithm that is based on a contrast measure defined in the

DCT domain. The comparative analysis between the proposed

Step 1. Let n =0, doo = doo and

EO = E(] = |d0(]| . (12)
Step 2. Let » = n + 1 and use (10) to compute
H,.
Step 3. Use (11) to obtain  dyp; (k+1=n).
Step 4. If n < 14, use (5) and (9) to compute

E, and E,, respectively. Else, end. 1]
Step 5. Return to Step 2.
[2

Here\ is an image enhancement control factor that is chosen
by the user. When > 1, the image will be enhanced. When [3!
A < 1, the image will be softened.

(4]

(5]

In the experiments provided here, a JPEG compressed image
was used to evaluate the performance of the proposed algo[-6 ]
rithm. The decompressed image without enhancement is shown
in Fig. 2(a). The input image has a gray resolution of eight bits. [7]
The size of the image is 256256.

The enhanced images obtained by global histogram equalts]
ization, local histogram equalization [2] (with a window size of
30 x 30), and the proposed method are shown in Fig. 2(b)—(d),[9]
respectively. In Fig. 2(d), the value of enhancement fastes
1.95) was decided by a subjective test. When compared witfi0l
the original image, the histogram equalization methods and thg,
proposed method produced moderately enhanced images. How-
ever, in our judgment, the proposed method obtained an e Lo
hanced image with improved visual quality compared to botl
of the histogram equalization methods. With histogram equal-
izations, some regions appear overly darkened and others oveth?!
lightened [see Fig. 2(b) and (c)]. The visual quality of the enig)
hanced image obtained by global histogram equalization is su-

I1l. EXPERIMENTAL RESULTS AND DISCUSSION

algorithm and two existing algorithms has shown the merit of
the contrast measure-based approach.
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