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An Advanced Contrast Enhancement Using Partially
Overlapped Sub-Block Histogram Equalization

Joung-Youn Kim, Lee-Sup Kim, and Seung-Ho Hwang

Abstract—n this paper, an advanced histogram-equalization al-
gorithm for contrast enhancement is presented. Histogram equal-
ization is the most popular algorithm for contrast enhancement
due to its effectiveness and simplicity. It can be classified into two
branches according to the transformation function used: global or
local. Global histogram equalization is simple and fast, but its con-
trast-enhancement power is relatively low. Local histogram equal-
ization, on the other hand, can enhance overall contrast more ef-
fectively, but the complexity of computation required is very high
due to its fully overlapped sub-blocks.

In this paper, a low-pass filter-type mask is used to get a
nonoverlapped sub-block histogram-equalization function to
produce the high contrast associated with local histogram equal-
ization but with the simplicity of global histogram equalization.
This mask also eliminates the blocking effect of nonoverlapped
sub-block histogram-equalization. The low-pass filter-type mask is
realized by partially overlapped sub-block histogram-equalization

and compresses the contrast of the low histogram region. In
general, important objects have a higher and wider histogram
region, so the contrast of these objects is stretched. On the other
hand, the contrast of lower and narrower histogram regions,
such as the background, is lost.

This global histogram equalization method is simple and
powerful, but it cannot adapt to local brightness features of the
input image because it uses only global histogram information
over the whole image. This fact limits the contrast-stretching
ratio in some parts of the image, and causes significant contrast
losses in the background and other small regions. To overcome
this limitation, a local histogram-equalization method has
been developed, which can also be termed block-overlapped
histogram equalization [1], [5]. In this method, a rectangular

(POSHE). With the proposed method, since the sub-blocks are Sub-block of the input image is first defined, a histogram of
much less overlapped, the computation overhead is reduced by athat region is obtained, and then its histogram-equalization

factor of about 100 compared to that of local histogram equaliza- function is determined. Thereafter, the center pixel of the region

tion while still achieving high contrast. The proposed algorithm s hisiogram equalized using this function. The center of the

can be used for commercial purposes where high efficiency is L . .

required, such as camcorders, closed-circuit cameras, etc. rectangular region is then moved to the adjacent pixel and the

. N histogram equalization is repeated. This procedure is repeated
Index Terms—Contrast enhancement, histogram equalization, . . . . .

POSHE. pixel by pixel for all input pixels. This method allows each
pixel to adapt to its neighboring region, so that high contrast
can be obtained for all locations in the image. However, since

. INTRODUCTION local histogram equalization must be performed for all pixels
E NHANCING the contrast of images is one of the major isin the entire image frame, the computation complexity is very
sues in image processing, especially backlitimages. CdHgh- For example, for 840 x 480 pixel image, the histogram
trast enhancement can be achieved by stretching the dynafifigi@lization must be performed maximally 307 200 times.
rithms for contrast enhancement [1]-[8] and among these, hidg€ of local adaptability of block-overlapped histogram equal-
togram equalization [1]-[5] is the most common method usé#ftion, sub-block nonoverlapped histogram equalization can be
due to its simplicity and effectiveness. The algorithms in [6] ari¢ed- Even so, this nonoverlapped method will sometimes suffer

[7] employ connected components and edge detection for cdfeM blocking effects. Therefore, in this paper, partially over-

trast enhancement. These methods require very complex cé@fped sub-block histogram-equalization (POSHE) is proposed.

putation and hardware, so they cannot be applied to commei&ing POSHE, the contrast of the inputimage can be enhanced

cial real time purposes. The gamma-processing algorithm [gg5 & Similar rate to block-overlapped histogram equalization,

simple but produces low contrast-enhancement. while computation complexity can be reduced considerably and
Histogram equalization can be categorized into two method¥ly blocking effects eliminated.

global and local histogram equalization. Global histogram

equalization uses the histogram information of the wholf1

. . . d : . . I1. CONVENTIONAL HISTOGRAM-

input image as its transformation function. This transformation

function stretches the contrast of the high histogram regionin histogram equalization [1], [2], the transformation function
T(r) is given by the following relation:
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Fig. 2. pdf of POSHE.

» 7

are needed. Blocking effects occur due to shape differences
Fig. 1. Transformation function for histogram equalization. between histogram-equalization functions of neighboring
sub-blocks. In the input image, adjacent sub-blocks have sim-
ilar brightness and the gray levels of neighboring pixels at the
boundaries of the sub-blocks change gradually. However, after
nonoverlapped sub-block histogram equalization is performed,
their brightness values are changed by each transformation
function. Since these transformation functions are obtained

& Input _p|xe| ”“”."ber of levej. from each sub-block’s histogram, they have shape differences.
Hence, the transformation functid») represents the cumu- . - . )
As a result, the difference in brightness after transformation

lative distribution function (cdf) of the input image levels. Thi .
. N S . : etween adjacent sub-blocks becomes large, so that sudden
transformation function is illustrated in Fig. 1. Using this cd . O

evel change can occur at the boundaries. This is known as the

as a transformation function, data regions that have high Coori(')cking effect. On the other hand, in block-overlapped his-

centration are transformed into wider regions (the concentta- - . . .
T . . . togram equalization, the transformation functions for each pixel
tion is reduced), while other regions are transformed into nar- : . . )
. re, obtained from partially overlapped neighboring sub-blocks.
rower regions (the sparse data become concentrated). Glojal : . .
X A . . erefore, the shape difference of the transformation functions
histogram equalization uses the overall histogram as its trans- ) .
are very small and the blocking effect can be ignored.

formation function, so it cannot adapt to the local light condition To reduce shape difference in nonoverlapped sub-block

of the image. This feature results in the contrast deterioration af o : . .
. histogram equalization, the weighted sum of neighboring
background and small objects.

Local stogran equaizaton, so-calle Hclcoveriappd” 00K, Nstograms can be Leed for enerston of e
histogram equalization [1], [5], can obtain overall contra { L Usiry

enhancement, regardless of the location in the input image. gsk, as shownin Fig. 2, the central sub-block’s transformation

discussed in the previous section, block-overlapped histogralﬁqdion is obtained from the masked histogram of itself and its
' erinqht neighboring sub-blocks. This mask resembles a low-pass

equalization defines a sub-block and retrieves its hismgrirpage filter (LPF), and its operation is in fact similar to that
information. Then, a histogram equalization is performed f t an LPF. Image LPF reduces the difference in brightness

the center pixel of the sub-block using the cdf of that sub-bloc atween neighboring pixels, so that the resultant image is

N.ext, the SUb'b.IOC'f IS moved by one pixel and. sub-_blocD urred. This low-pass filtering for sub-block histograms
histogram equalization is repeated until the end of input mme

is reached. Since the histogram equalization is performed hoduces neighboring transformation functions that are similar

each sub-block’s local histogram, this local histogram-equz;f— each other, resulting in a reduction of the blocking effect
s mask size is increased, blocking effects can be decreased

ization method can adapt well to the partial light condition qé increasing the computation complexity. Simulations have
the image. Therefore, the difference of contrast enhancement 9 np piextly. )
shown that for mask sizes larger thesx 15, blocking effects

between objects and background can be omitted. D o .
are undetectable with simple filtering and performance is com-
patible with that of block-overlapped histogram equalization.
lll. POSHE This LPF can be realized by moving sub-blocks using a par-
In order to make the histogram equalization locally adapially overlapped scheme and performing histogram equaliza-
tive for higher contrast, and reduce the computation complexition for those sub-blocks. To make3ax 3 mask, as shown in
nonoverlapped sub-block histogram equalization is essentialFg. 2, a sub-block is moved by a half of the sub-block size to
mentioned in the Introduction. In this method, all pixels in eagbartially overlap the next sub-block, and histogram equalization
sub-block are histogram equalized using the sub-block’s his-performed for all pixels in the sub-block. This means, if the
togram. Further, these sub-blocks are not overlapped with adjab-block size is 120, then the step size is 60. So each sub-block
cent sub-blocks, so the computation complexity is reduced cas-overlapped by 60, which is the half of sub-block size. Each
siderably. pixel is histogram equalized more than once and the result for
However, this nonoverlapped method cannot avoid each pixel is accumulated. After partially overlapped sub-block
blocking effect. To eliminate this effect, additional operationsistogram equalization is completed, each accumulated pixel

where
p.(rj) = n,;/n probability density function (pdf) of the
input image level;;
n total number of pixels in the input image;
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Fig. 3. Image plane for POSHE.

value is divided by its accumulation frequency. The image planeln procedure 6, a blocking effect reduction filter (BERF) is
of POSHE is illustrated in Fig. 3. Through simple formula exused. This is a simple filter to eliminate small blocking effects
pansion illustrated in the following section, it can be seen thtitat sometimes occur. With the low-pass filtering effect of the
this procedure results in&ax 3 LPF mask. By decreasing thel5 x 15 mask, the blocking effect is almost completely eradi-
step size moved each time, the mask size can be increasedc#ted and the average brightness of neighboring sub-blocks is al-
the mask size is increased, the transformation function shapest equal. But at some sub-block boundaries, a few gray-level
difference is decreased, so that the blocking effect is diminishefiscontinuities may be generated and these discontinuities may
If the step size is taken as a quarter of the sub-block size, tredtow up as blocking effects. There is a small possibility that
the mask size i§ x 7. Similarly, for al/8 step size, the mask these small blocking effects may occur, so a protection method
size becomed5 x 15. Therefore, mask size can be changefibr small level difference is needed. When level discontinuity
easily by manipulating the step size moved. By taking a stepises at sub-block boundaries, the filtering procedure starts.
size that is equal to the quotient of the sub-block size dividddhe occurrence of a blocking effect can be detected by the dif-
by a number that is a multiple of 2, most divisions can be pefierence in brightness of adjacent pixels at the boundaries. To dis-
formed by shift. Because sub-blocks are partially overlappetguish between the original edge and “POSHE-ed” boundary,
this method is named POSHE. It will be shown in the followin¢he edge information of the original image can be used. BERF is
section that the computation overhead fdta< 15-sized mask a kind of low-pass filter, but it is applied to the blocked-bound-
POSHE is less than 1% of block-overlapped histogram equakes.

ization. The BERF procedures are as follows. First, blocking-ef-
The procedures of POSHE are as follows. fect detection is needed. Since blocking effects occur at
1) Define anM x N-sized outputimage array fordd x N each sub-block boundary, only these boundaries need to be
input image and set all values to zero. checked. To exclude the original object edge on each sub-block

2) Assign arm xn sub-block. For computational simplicity, boundary, the original edge information at sub-block bound-
a sub-block size is selected to be equal to the quotientaries must be checked as well. Namely, if there exists some
the input image size divided by a multiple of two. Assigrievel discontinuity at sub-block boundaries in POSHE-ed
the sub-block origin using the input image origin. image but not in the original image, a blocking effect is gen-

3) Perform local histogram equalization for the current sulerated. Second, when a blocking effect is detected, filtering
block. Unlike block-overlapped histogram equalizatiorstarts from each sub-block boundary. An average of the two
the histogram equalization is performed over the whobedjacent boundary pixels is calculated and the brightness
sub-block, and the results are accumulated in the outpiatiues of these two pixels are replaced by this average. Third,
image array. in a perpendicular direction to the boundary, pixel values in an

4) Increase the horizontal-coordinate of the sub-bloéicreasing/decreasing order are replaced by slowly changing
origin by the horizontal step size and repeat proceduvalues. This replacing value starts from the average, increases
3. When the horizontal coordinate equals the horizonthy a predetermined step size for the brighter sub-block, and
input image size, increase the vertical coordinate of tliecreases for the darker sub-block. This filtering is terminated
sub-block origin by the vertical step size and repeathen the termination condition is met. The increasing/de-
horizontal POSHE. Repeat these steps until POSHIEeasing brightness step size is selected such that the human
covers the whole input image plane. eyes cannot differentiate the discontinuity in brightness at

5) After sub-block histogram equalization finished, dividéhe sub-block boundaries. This unrecognizable brightness
each pixel value in the outputimage array by its sub-blodkvel is known to be about 3—4 levels in 256 gray-level image
histogram equalization frequency. through experimentation [9]. This means that through BERF,

6) If a small blocking effect is generated at the sub-blodke blocking effect at sub-block boundaries are eliminated.
boundaries, eliminate it with a blocking-effect reductiomhese procedures are repeated for all sub-block boundaries.
filter. Termination occurs under the follow conditions.
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Fig. 4. Example of BERF.

. . . Fig. 5. Four partially overlapped sub-blocks.
1) When the brightness difference between pixels that have

previously undergone the BERF procedures and the X
present.plxel is smaller than the. ;tep size, the BERF pro- Ty (15) = ZPQ(”)
cedure is terminated. This condition is satisfied when the

brightness starts with the average value at the sub-block 1_20 b+ nE 4 ne 4 nd
boundary and reaches the original “POSHE-ed” bright- pa(r;) = % _ J . J j (4)
ness. 9 9
2) When the brightness difference between the present pixel k
and the next pixel is large enough to indicate that there is T5(rf) = Zpg(rj),
an object edgenpton boundary), the BERF procedure is j=
terminated. n?  nd4ns+nd+nl
3) If the brightness of the next pixel is smaller/bigger than palrj) =g =g ()
the present pixel while BERF is being carried out, and the ; 9
phase is increasing/decreasing, the increasing/decreasing ey )
rule is violated. BERF is therefore terminated. Ta(ri) = ;p‘*(”)’

This BERF procedure is performed maximally with a half of 4
the step size in each direction. An example of BERF is shown palrj) = Z_TJL - (6)
in Fig. 4. The numbers indicate the pixel luminance. The levels 9
in the figure are exaggerated to show the filtering effect clearly.

where
n is the number of pixels in the entire region,
IV. ANALYSIS OF POSHE nj  represents the number of pixels in sub-regiowith
A histogram equalization function is the cumulative distribu- Jjth level, and
tion function of the inputimage as shownin (1). Let us suppose a =a,b,... i

region is composed of four partially overlapped sub-blocks for aFrom (2) to (6), the histogram equalization function for sub-
3x 3 mask. Since the step size is a half of the sub-block size, tiggione is as in (7), shown at the bottom of the next page. From
region is divided into nine sub-regions. POSHE is performed f6f), the pdf for POSHE of the sub-regiencan be written as
the four sub-blocks with a step size of half the sub-block. Thigllows:

region is illustrated in Fig. 5. There are four sub-blocks, 1, 2, 3, (7,§) _ 1 (Te’,)
and 4, and nine sub-regions,b, ¢, d, e, f, g, h, andi. PTG ) = g’y
The sub-regiore is “POSHE-ed” by four sub-blocks 1, 2, 1 e e e e

3, 4. The peripheral sub-regionsb, ¢, d, f, g, h, and: affect + 81 I (7]) T Pa (U) +py (U) +pn (u)]

the histogram equalization of the target sub-regionLet + = 7<) + p. (7€) + ) +p; (r€)] (8
the histogram equalization functions of each sub-block be 16 [Pa (75) + 22 (75) 4 pg (75) + 2 (75)] (8)
T1 (1), To(ri), T3(ry), and Ty(ry), respectively. Then, the wherep,(r§) represents the probability of levglin regionz,
POSHE function of the sub-regianis written as wherez = a,b,...,7. The summation of this pdf isl/4) +

4 x (1/8) 4+ 4 x (1/16) = 1, which satisfies the condition of
1 the probability density function, namely that the accumulation

=7 M)+ () +T3() +Ta ()] () of pdf must be 1. This probability density function can be illus-
trated as in Fig. 2. As mentioned previously, when we decrease
. o . . the step size, the pdf mask size increases. In general, for a step
and each histogram equalization function can be written as size which isl /N of a sub-block size, &N — 1) x (2N — 1)
mask is generated. A x 7 mask is illustrated in Fig. 6.
. k Complexity comparison between block-overlapped his-
Ti(ri) = Zpl(”) togram equalization and POSHE is needed to verify the
=0 effectiveness of the proposed algorithm. Since an accurate
comparison is difficult, only histogram-equalization repetition
frequency is considered in this paper. In histogram equalization,

1 a b d e

n; ny+n:+ns+n:

pl(Tj) — é — _J J = J J (3)
9

9




KIM et al: AN ADVANCED CONTRAST ENHANCEMENT USING POSHE 479

T

) . . Fig. 7. Histogram-equalization frequency of POSHE.

Fig. 6. 7 x 7 mask using 1/4 sub-block-sized step.
n) divided by the step sizé:, b). The histogram equalization

obtaining the transformation function is the most demandirtequencyNrosur IS represented in Fig. 7 and in (10)

computative task because the transformation is performed by

; : M—-—m N —n

just memory access. For block-overlapped histogram equaly, gy, = +1) x +1

ization, the sub-block histogram-equalization function must a b

be obtained for every pixel in the input image frame. For an _ <% _m M 1) N <E _n N, 1)
M x N image, this operation has to be repeatéd< NV times. a M a b N b
Since block-overlapped histogram equalization transforms the mN\ M ny N

center pixels of each sub-block, half sub-block sized regions of = [(1 - M) -t 1} X [(1 "N/ b + 1}

four edges are histogram equalized with other methods. If we 2
assume that the local histogram equalization is not performed = {(1 - _> S+ 1} (10)
for the edge pixels, then its complexit¥ronr takes the

minimum value as follows for am x n sized sub-block and ;oo g — M/m = M/a is a sub-block divisor and =
it can be represented with a sub-block histogram equallzatlfwl/a

N/bis a step divisor.
complexity Cyg

From (10), it can be shown that the frequency of POSHE is
proportional taB andS. This can be easily understood because
when B and S are increased, the sub-block and step size are
decreased, so more sub-block histogram equalization must be
performed.

In addition, POSHE needs extra computation time for BERF

In POSHE, sub-block histogram equalization frequency &nd output scaling. Since final output scaling is of a fixed com-
proportional to the sub-block size x n and step size x 0. plexity that is small compared with histogram equalization and
Since the sub-block histogram equalization is performed wWiBERF, it can be replaced with a constéhtBecause the BERF
increasing sub-block’s origins by the step size until its origingrocedure must be performed for each boundary that is formed
reach to(M — m) or (N — n), the histogram equalization fre-by a step-sized sub-block moving and the number of bound-
guency can be obtained from the inputimage éile—m, N —  aries is the multiplication of an image si2é x N, a step di-

CBOHE = (M — m) X (N — 7’L) X CHE (9)

[p1(r5) + p2(ry) + pa(r;) + pa(r;)]

%)
=0
I

N

'M»

~
Il
o

4n +2n +2n +2n +2nh+n +n +n +n

4n
9

0
[ —(n —i—n +n; +71h)+16 (n —i—n —i—n —i—n)]
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Fig. 8. HE repetition frequencies of block-overlapped HE and POSHE. (a) Frent to S = 640. (b) Zoomed version of (a) frod = 0 t0.5 = 160.
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Fig. 9. Weighted summing of global and local histogram.

visor.S and a BERF performing frequency. If we assume that tHg85th of the computation of sub-block histogram equalization.
BERF procedure is always performed at the sub-block bountherefore, overall POSHE complexifiosgg can be obtained
aries without conditions, the following equation can be formdrom (10) and (11) as a function dfgg

lated for BERF repetition frequency. Crosue = Nrosue X Cug + Nperr X Cug + C

Nprrr = M(S - 1)+ N(S-1)= (M + N)(S-1) _ o1 ’ 1 _
a - {(1 B)S+1} + g5 (M +N)(S 1)]

A BERF procedure is composed of two subtracts for checking X Cug+C
level discontinuity (one for original and one for POSHE-ed) at B <1 3 i)Q §2 4 {2 <1 3 i) 4 (M +N) } g
boundaries, one add and one shift for averaging, and one to sev- 85
eral increases and decreases. Sub-block histogram equalization
is composed of 255 adds (for 8-bitimage), 256 shifts,andn 41 (M 4+ N)

increases, so the BERF procedure for each pixel takes about 85

x Chr+C (12)
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of both target object and background are enhanced, and there-
fore a much clearer image is generated from a numerical point
of view. For special purposes, such as closed-circuit camera sys-
tems or image recognition of background in order to search
for something, this overall high contrast is important. But, in
the case of commercial camcorders or enhancement of general
poorly-lit pictures, this feature may distort an image by over-en-
hancing the background. The human recognizes an image as
only a target object and background. Since the uniform contrast
enhancement feature of local histogram equalization makes the
background as clear as the target object, the emphasized back-
ground confuses the human sense of distance. This image dis-
tortion is caused from the fact that local histogram equalization
(a) (b) uses only local histogram information.
" To overcome this over-enhancing problem, local histogram
equalization must be modified to include global histogram
information. When sub-block histogram equalization is per-
formed, its sub-block histogram can be mixed with a global
histogram in a proportional ratio. When this local/global his-
togram information-mixing ratio is increased, local information
increases, so that the local contrast enhancement is empha-
sized. As a result, the contrast of the background becomes more
emphasized. For the opposite case when global information
is increased, the contrast of the background decreases. This
histogram mixing can be performed easily by a proportional
summing of sub-block histogram and global histogram. By
changing the ratio, the contrast of the background/target objects
(©) (d) of the transformed image can be varied to meet the purposes.
In Fig. 9, a global histogram, local histogram, and their
E'\ﬂ/eighted sum are shown. This weight can be represented as
ALPHA. ALPHA is defined as the ratio of local histogram
information over global histogram information. By increasing
By using (9) and (12), setting the sub-block size of eaghLPHA, the background contrast can be increased. In this
method equal, a complexity comparison between the two algskample, ALPHA is taken as 0.5 and the local histogram is
rithms can be done. Assuming the image siz&li x 480 and taken from the sub-block in the background. Each histogram
the sub-block divisor is fixed at 4, histogram equalization frés normalized with a sub-block pixel number. This result is
quency of POSHE becomes a second-order polynomidl.of shown in Fig. 9. It can be seen that the resultant sub-block
Their graphs fors are illustrated in Fig. 8. histogram also makes use of global information. Therefore,
Fig. 8 shows that the proposed algorithm takes much legs summing effect can solve the problem of over-enhancing
time compared to block-overlapped histogram equalizatiost the background in local histogram equalization by enabling
From Fig. 8(a), it can be seen that two lines meet betwegie local sub-block histogram equalization to adapt to global
S = 480 andS = 640. It is clear that wherS = 480, the [ight conditions of images.
step size of POSHE.33 x 1 is larger than 1, so the histogram
equalization frequency is smaller than that of block-overlapped
histogram equalization. Similarly, wheh= 640, the step size
1 x 0.75 is smaller than 1 and the opposite situation occurs.
Through many simulations, it has been shown that when theprevious algorithms and the proposed algorithm are simu-
step size isl/8th of the sub-block size, the blocking effectated on several images, and the results are illustrated to show
cannot be seen. In this case, the step sizis 15, and the the performance of each.
step divisors is 32. Sub-block histogram equalization is per- The results show common features as follows. Global his-
formed only 1028 times. This is 0.59% of the block-overlappa@gram equalization enhances the contrast of dark objects and
histogram equalization frequency, which is performed 172 8@4ger regions while it de-emphasizes the contrast of the back-
times. ground and smaller regions. Block-overlapped histogram equal-
ization produces the bestimage, and POSHE generates a slightly
less enhanced image than block-overlapped histogram equaliza-
tion. These results are simulated @0 x 480-sized input im-
The object of local histogram equalization is overall contraages with al60 x 120-sized sub-block. POSHE step size is set
enhancement regardless of location. As a result, local contrastde 20 x 15 to make al5 x 15 sized mask. Using these two

Fig. 10. Simulation results. (a) Original image. (b) Histogram equaliz
image. (c) Block-overlapped HEed image. (d) POSHEed image.

VI. SIMULATION RESULTS

V. OVER-ENHANCING PROBLEM AND SOLUTION
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Fig. 11. Histograms of Fig. 10. (a) Original image. (b) Histogram-equalized image. (c) Block-overlapped HEed image. (d) POSHEed image.

(d)

Fig. 12. Simulation results. (a) Original image. (b) Histogram-equalized image. (c) Bock-overlapped HEed image. (d) POSHEed image.

methods, the contrast of the background is drastically enhanoenpletely different from the original histograms. The resultant

compared with global histogram equalization. histograms have almost flat shapes. This, in effect, shows that
Observing the histograms, some common features exist aldw images have almost uniform pdfs.

For allimages, the global histogram equalized images give sim-Simulation results of a low-contrast image and its histograms

ilar shaped histograms to the original images. Block-overlappate shown in Figs. 10 and 11. It can be observed simply that

histogram equalization and POSHE produce histograms thattire contrast of the block-overlapped histogram equalized
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Fig. 13. Histograms of Fig. 12. (a) Original image. (b) Histogram-equalized image. (c) Block-overlapped HEed image. (d) POSHEed image.

image and “POSHE-ed” image are enhanced more favorallg the simulation results show, the contrast is enhanced more
compared to that of an original image and global histograthan the global method, and the computation overhead is de-
equalization. The indoor benches and outdoor backgrouaased drastically without incurring any blocking effects. The

should be observed. In particular, the background informatigowerful contrast enhancement capability of POSHE is useful
of the histogram equalized image is nearly lost. But contrastsmany consumer electronics fields, such as commercial cam-
are enhanced in block-overlapped histogram equalizatioarders, digital still cameras, and especially closed-circuit cam-
and POSHE, so the background can be recognized cleadsas. Due to its simplicity, POSHE can be realized in simple

Although block-overlapped histogram equalization produceshardware and processed in real-time.

better image, POSHE requires much less computation.

In Fig. 12 and Fig. 13, results of another simulation and his-
tograms are shown. The inputimage is a backlitimage. Through
histogram equalization, the contrast of the dark object is en-1] R. C. Gonzalez and R. E. Wood8igital Image Processing2nd
hanced, but the contrast of the background is rather worse than €d- Reading, MA: Addison-Wesley, 1992. _

. . . . [2] A. K. Jain, Fundamentals of Digital Image ProcessingEnglewood
the original image. The block-overlapped histogram equaliza-"" jits NJ: Prentice-Hall, 1989
tion enhances the contrast of both the dark object and the back3] J. zimmerman, S. Pizer, E. Staab, E. Perry, W. McCartney, and

ground. The POSHE also enhances the overall contrast. B. Brenton, “Evaluation of the effectiveness of adaptive histogram
equalization for contrast enhancemenEEE Trans. Medical Imaging
pp. 304-312, Dec. 1988.
[4] Y.-T. Kim, “Contrast enhancement using brightness preserving bi-his-
VIl. CONCLUSION togram equalization,JEEE Trans. Consumer Electrgrvol. 43, no. 1,
pp. 1-8, Feb. 1997.
In this paper, a new contrast enhancement algorithm, termedp! T-K.Kim, J.-K. Paik, and B.-S. Kang, “Contrast enhancement system

. . . . using spatially adaptive histogram equalization with temporal filtering,”
POSHE, is proposed. POSHE is derived from local histogram |Egg Trans. on Consumer Electronjoml. 44, no. 1, pp. 82-86, Feb.

equalization, but it is more effective and much faster compared  1998.

to this. The effectiveness results from its local adaptability, and[6] G- Boccignone, “A multiscale contrast enhancement methodPrae.
Int. Conf. Image Processing997, pp. 306—309.

its speed from the partial overlapping feature. The most impor—m V. Caselles, J. L. Lisani, J. M. Morel, and G. Sapiro, “Shape preserving

tant feature of POSHE is a low-pass filter shaped mask that local contrast enhancement, fmoc. Int. Conf. Image Processint997,
obtains a sub-region probability density function, and the fact  Pp. 314-317. .

h h K si b ied hi lity i [8] S.Sakaue, A. Tamura, M. Nakayama, and S. Maruno, “Adaptive gamma
that the mask size can be Va”e_ to ac 'eve_ quality 'mp“?Ve' processing of the video cameras for the expansion of the dynamic
ments at the expense of calculation complexity. POSHE gives range,”IEEE Trans. Consumer Electrgnvol. 41, pp. 555-562, Aug.
large contrast enhancements which global histogram-equaliza-_ 1995. , e

. hod t achieve and proves to be simpler than Ioc&?] S. A. Karunasekera and N. G. Kingsbury, “A distortion measure for
tion methods canno ) p p blocking artifacts in image based on human visual sensitivigEE

histogram equalization without incurring any blocking effects. Trans. Image Processingol. 4, pp. 713-724, June 1995.
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