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Abstract Histogram equalization, which stretches the dynamic range of intensity, is the most common method
for enhancing the contrast of image. Contrast limited adaptive histogram equalization(CLAHE), proposed by K.
Zuierveld, has two key parameters: block size and clip limit. These parameters mainly control image quality, but
have been heuristically determined by user. In this paper, we propose a novel method of determining two
parameters of CLAHE using entropy of image. The key idea is based on the characteristics of entropy curves:
clip limit vs entropy and block size vs entropy. Clip limit and block size are determined at the point with
maximum curvature on entropy curve. Experimental results show that the proposed method improves images
with very low contrast.
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[Fig. 1] Extreme change of gray level by histogram
equalization
(a)Input image (b)Histogram of (a)
(c)Results of HE (d)Histogram of (c)
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[Fig. 2] Clipping histogram in CLAHE

(a) Histogram before clipping
(b) Histogram after clipping
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[Fig. 3] The result images with different clip limit and
block size
(a) Aerial image (b) Result of histogram

equalization (c¢) CLAHE(CL=0.1, BS=8X%8) (d)
CLAHE(CL=0.3, BS=64<64)
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[Fig. 4] The result images with different clip limit(BS=
16X 16)
(a) Crowd image (b) CL=0.005 (c) CL=0.01
(d) CL=0.03 (e) CL=0.04 (f)CL=0.06
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[Fig. 5] The result images with different block
size(CL=0.026)
(a) BS=2X2 (b) BS=4Xx4 (c) BS=8X8
(d) BS=16 <16 (e) BS=32x32 (f) BS=64 <64
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[Fig. 6] Entropy with different clip limit and block size
(a) Aerial image (b) Crowd image
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[Table 1] Experimental results of Officel image

Mean RMS Entropy
officel 10.6 0.20 4.87
HE 128.4 0.50 4.58
Proposed 81.6 047 7.41
method
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[Table 2] Experimental results of Aerial image

Mean RMS Entropy
Aerial 197.2 0.42 6.87
HE 127.7 0.50 5.92
Proposed
method 136.2 0.50 7.94
HHg xwdtoA] #HJE  Announce G

512X 480)2 3|AEao] Bl7|7k 0 ~ 2550 AA &
EhaE, AN P M| 9 Sl2ETY 3
Fote] ayol Wolich. S|AETY HUHE S
A3} ojuEe] Wake 2 Rolsh gl ARz} o}
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S Th el w17 Sl

8

[Table 3] Experimental results of Announce image

Mean RMS Entropy
Announce 103.7 0.49 7.47
HE 127.5 0.50 5.98
Proposed 1218 0.50 7.91
method
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[Fig. 6] Results of histogram equalization(HE) and the
proposed method(CLAHE)
(a) Office image and histogram (b) HE of office
image and histogram (c¢) CLAHE(CL=0.048, BS=
44) (d) Aerial image and histogram (e) HE of
aerial image and histogram (f) CLAHE(CL=0.014,
BS=2x2) (g) Announce image and histogram (h)
HE of announce image and histogram (i)
CLAHE(CL=0.008, BS=2Xx2)
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