Journal of Korea Multimedia Society Vol. 22, No. 9, September 2019(pp. 983-991)
https://doi.org/10.9717/kmms.2019.22.9.983

Histogram Equalization Algorithm for Suppressing
Over-Enhancement and Enhancing Edges

+ .t
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ABSTRACT

Histogram equalization method is a popular contrast enhancement technique. However, there are some
drawbacks, namely, over-enhancement, under-enhancement, structure information loss, and noise amplifi—
cation. In this paper, we propose an edge-enhancing histogram equalization algorithm while suppressing
over—enhancement simultaneously. Firstly, over—-enhancement is suppressed by clipping a transfer func—
tion, then, edge enhancement is achieved by using guided image filter. Experiments are carried out to
evaluate the performance of the various HE algorithms. As a result, both qualitative and quantitative
assessment showed that the proposed algorithm successfully suppressed over-enhancement while en—
hancing edges.
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Fig. 1. Flowchart of proposed histogram equalization
algorithm,
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Fig. 2. Over—enhancement example, (a) Input image (b)
HE result image,

2 Paat= =85 Fig 2(b)9k o] et 3t
o} thzx Axrt BA st olmR] 9] Fdo] A=l
ok Y o]u 7L BHIE P u) Ho] FrE A
19 Fig. 30 YehfA| =], 2l we} &9 3
2gkol cdfil)?t Av k4 ¥r)9 Felgar HE o
A AT =9 sagte] Aol ARE AR U
g 5 Atk mEkA o] Atolgts A Ao R ZHe
1’Jr"q A iz ZA2E AL T Utk A A
2 2o T2oA B3I Fig. 304 w7k g X
o= b}E}”‘ A3, 9Y 4z =9 shage
zpolo] At AR ZhasA Bk ZelR FRU s
S wf (hE AOE TG,
K/I_ +a if df(k)=k/I,_, +a
cdf’ (k) = {kﬂ“ —aelif cdf(k) <k/I,_,—a (9)
cdf (k) else
A714 ae s &3te iz Z=2] ¥ (margin)
E Yetdl = AH&AF mizi ol

cdf and clipped cdf plat

—&—cdfik) //
—-&-—clipped cdfik) ‘ /./
0.8 identity ¢ //
1
S
7
06 - s o
= 4 g |
= ~ r
8 }/”
0.4 s
/‘// @ A/X’
2 il 'S
0.2  —ca
// A e Fay
= £x
U % 0 hl& I i i
0 50 100 150 200 250

Fig. 3. Plot of original and the proposed clipped cdf
(k) of the image from Fig. 2(a) image.
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(c)

Fig. 4. (a) The result after clipping cdf only, (b) The result of proposed HE algorithm, (c) 5 times amplified absolute
difference image between (a) and (b). Input image is from Fig. 2(a).
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Fig. 5. Results of various HE algorithms. (a) Input (b) HE (c) RMSHE (d) THE—PL (e) FCCE (f) Proposed.

(a) (c)

(d) (e)
Fig. 6. Results of various HE algorithms, (a) Input (b) HE (c) RMSHE (d) THE—PL (e) FCCE (f) Proposed,
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Table 2. Quantitative comparison of various HE algo—
rithms for images from Fig. 5—7.

AR LSE SN =

Algorithms Std CII PSI

HE 43.19 791 0.74

RMSHE 24.34 2.24 0.66

Fig. 5 THE-PL 27.06 1.40 0.70

FCCE 22.25 3.67 0.66
Proposed 34.14 4.82 0.73
HE 30.25 5.09 0.50

RMSHE 29.68 1.65 0.43

Fig. 6 THE-PL 33.02 1.52 0.51

FCCE 35.36 2.30 0.47
Proposed 30.72 1.95 0.53
HE 58.11 2.20 0.37

RMSHE 48.04 1.43 0.37

Fig. 7 THE-PL 4797 1.28 0.39

FCCE 48.13 1.66 0.38

Proposed 58.79 2.52 0.43
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Fig. 7. Results of various HE algorithms, (a) Input (b) HE (c) RMSHE (d) THE-PL (e) FCCE (f) Proposed.

Table 3. Average execution time for 256 by 256 image (1000 times)

HE RMSHE THE-PL FCCE Proposed
time (ms) 12.3 24.1 94.0 487.8 17.1

gl e AZE Matlab & ©] 83 10008 E 3 2E0Y HE3 7Y AU Y

A ste] Pghs SASAT E3H AU A3 34 g7)9ke) ztol7t 2 A At e B8 %
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ko) H e daEFolr] wiol —7]'301 = AT F AU FaTE AY £5 A & g
A V¥ Aoz B v C o2 Zgshd, e BlsiA mEA MEEHeE AL AT F AN
A7 AR FolE ZoR ditdrnt T, ATE AR AYEEE HHIAZTHE A
o7} FolE AL E AT
54 B
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