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Contrast enhancement of color images using modified error diffusion

Ji Won Lee” and Rae-Hong Park®
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Abstract

This paper proposes a novel contrast enhancement (CE) algorithm for color images using the modified error diffusion (ED).
After conventional color histogram equalization (HE), artifacts such as false contours are produced in the contrast enhanced image.
The proposed CE algorithm using the modified ED consists of two parts: CE and ED. In the first part, a low-contrast input image
is enhanced by the conventional HE method. In the second part, we use the modified ED algorithm. The inputs of the second part
are the average and scaled difference images of the original color input image and the HE image, in which the scaled color
difference image is diffused by the ED algorithm. In the proposed algorithm, the modified ED algorithm reduces the artifacts
produced in the HE image, and increases the number of color levels. Computer simulations with a number of low-contrast color
images show the effectiveness of the proposed CE method in terms of the visual quality as well as the probability mass function.
It can be used as a post-processing for CE with simultaneous artifact reduction in various display devices.

Keywords: artifacts, contrast enhancement, error diffusion, histogram equalization, false contour

.M E

[—

a) Ai%}EHE—TE— @X}%Qﬂ' o) AE o] Rx] AF] Ho A= l [
Department of Electronic Engineering, Sogang University 25 HagEe] A A 2ol E Y v s
¥ WA 0] 2 Y(nkmission@sogang.ac.kr) < 7] {Igt AAo| X Fsitk A G sHE A g



652

FEE uS AWs A Br)e] 94s At ate
ZEZ2E J/4 (CE: contrast enhancement), A% 7)4d
(detail enhancement), 2] 7§41 (color enhancement) 5]
WS AR s S At e Fe AlA
(noise reduction), 9§ & A|A (artifacts reduction) &
gt sl ok CE €arg]52 E4|9] o2, gl
A 59 AlE Eohax A A s B

R o 5o W9 (dynamic range)2] B71/A 3HS ARR
SIEE THEolFE otk ARt Al FE=}
2EE A vEo] 949 7HAIAEE FIAA o st

Al HolA gt

TEGEEE st S-S s dske e %
A4 5249 (image formation model)oll &A% TR =
e (homomorphic filtering)™, =3+~ (power function)
2 AMgsh= 70 B4 (gamma correction) 3, 3] 2~E 1%
383} (HE: histogram equalization)®®, #E]2 (retinex)
7 HDR (high dynamic range) 714+ " ® o] gitk. HE
< CE €1gFE 7hedl 7 fi24 o8 Fo| 2~
olty. durel HE Wl A s|2EaW S Het
HA sk Zlo] obet B17] 3t Ay x| st
Frell A Higk Atele] W91E WAl a0l 7] Wi
ZEHEEE Fo|v H A& oAT Fi9
REsHA Wgtthe 9S24 gk 5
}7(1 she ©e w7 oiuvt BxstA S F
F ¥99 @ B Y tRle R=sHA A
o] LEHAES /AT F/do] FAALHE
7} B} o] 2 &) &H &2 (false contour)<}
QF‘E (artifacts)©] ‘LA SHA ek g A G4

EG2EVF Y @789 e A Aol oY
=)

Qsgolle taEe o] AX|7F ¥ stE o] 7hol| wet
Aol FE2IAA] kA olelg FAHEC] ol BWel A
YA =l ARE 209 2E dFE5S AA}]
A8l tz=Feo] Ax|olx e $A4 s i 55
o] T3k A} s gy Fojgt P

B =idXe W FEHXEES 2= 22 94| CE

G FS At 71Ee] Hel 944e] CE dags

Hro

oI A}

o

=

e

o .
05 H:EE
oz

% fff

=] =
“r‘_jL__E

= \;1
=

3oL
_Llil

IN

LK)
lifﬁl_ 4

Wi
>o

4y ¥0 19 Wz A F>
EN

o K o N Lo

(3
zgr

l

=2
o}
E’_

r-{n
o
© 4
z
0
-L
Loy
_\1
=>4
K
_>a

£ 7129 Ze
o %HH Wﬂom |||ﬂoﬂxi— 71&9] 94}
J,]. ,—q]o]—-s} :?LEQ./\E 7H}d HP /g_td%}q. \V4

A3 ZA7jel o] B2 EOIJ_ Ve AR

FFA tef A5

N
EE

mf (probability mass function)= A}
o] 314 i A HWHolt) HE WY
Bd] sk gho] BE Y] 3k
o s TARIIS (odf:
cumulative distribution function)2- 8}7]H %384 (GLTF:
gray level transform function)@ ARg-aHci,
dHE 94 12] pmf=
f(5) = P{1i,j) =k}=
o= FojEn, A7|A 7, HkE
s ulsi, 1) e0,L-1]=
o] 41 ¢] 5}5\- *e gt LS oY °§*¢}°ﬂ/‘1
97 g eEs Ve o714 L
49 & A 5 YERH N & ‘51‘71 HkE 2= 3
Z NS grigth 4 () YERE pmfe %
2ET% (normalized histogram)o|t}. G4ke] &
& s s FESEE 9 W g9 £¥E Y

= 71

btk FESAEES ARG T o FE Jeir
B 714 9k J97ixe HE L]—E]—LH‘* A0z oA}
RN EZ} S/1HE oA A, Ae) 4 59 Gl



s

2 RZoHY, A7|A L= W] F kE e 4E 949
slAE om|gith

78 94re] HE ¥H-S RGB (red, green, blue) Z2] &
7t (color space) &-& YCOCr, YIQ, YUV, HSI (hue, satu-
ration, intensity) & TF Ze] 7 SollA sk ol )
t}. RGB ZY 37tellA¢] HE WS 242 RGB Ze| A
S w2 HEsk= WY 33+ 3| 2E1#S o] 83 HES
F3ahs Wo] 9tk YCCr, YIQ 5o 27 F1tME
Y AR S| AETRS ARS8 GLTFE 7] Aol
sl A HES =83ttt HSI 23] Ho| A= | (intensity)
e S|2EaHRhS ARS GLTFE HES 38t AY
19} S (saturation) 42| 3|AETHS AREE] HE B o
2 CEE s+t

1. M 709 Z{ MEZ (RGB)O| CHsf 2zt

Zastots W HE |

Al e A ARE 2l gl HES Fdshe WS
A7 CE WHE F 7P s wilolth 28 A% 247
o tsf s|=E1S T3 27 HEE $351A =W CE
o] o el HF el Ay} v Ao An
G5 A Aok ol EAIZ 257 $s) RGB 2
3] B oE A (1)9) pmfE F8kaL 4 (2)¢] GLTF

Al A} Aol dis] HES 388 o) Yeef ZAejrt &2
BAE TAE o= A= AT 5 Stk Al e He 4

e 2 2 9l HE pmf =

S

f

fx(z,) = P{X(i,j) =2, }= % ]

o2 ZoHH, x,= W] # ks e Al e 28 4%

653

F % 2oel e e IS xG.j)= fo.L— 1)1,
sel W] o HE WS Urhith sk
2 29 9] SI2ETHE o83 A 3 B
2 AHAF] 3 AHEIHE GLTF Fyle) &

X
s

k
Fylaz),) = P{X < 2,})= Y f(z,) @
i=0

oz g
2. YA cie Tastst we % HE |

2o el HE B T 7P LubA Sl R YChCr
A oA Y Aol s HES
1.1 dojlA 73 RGB ZH2+e] A 4i-S Hes}d o
Ao Aozt DepAle BAE s dst] sl Al 2 A
O] ks ol 83l= A|I7F 8] ol Atk o] #Al
Z0]7] 913l RGB Z& Hol|A] 817] A4+ (luminance)
¥} A A (chrominance) A%< #2]3h= YChCr Ze
FroA HES Faste o] glout o] Wy &gk HE
o]Fof Het Ao X Aol WAt HEslu]= 4

4
O:Oxl_l‘l
ol
on
rr
o
L
A
I

i

o

[ = — —_
CE g
B o= WP H EDE o] &3 Y CE ¢ugES
Aetelt) M EDE CES 783 o] % Hekst <o
A e ZARE QFAY e s SoFE

71%9] ED ¢arE]E- Floyde} Steinbergell 2J8) *-5-2
Z A A, 28 18 712 ED ¢ES HE
o} 19 1(a)= 71&9 ED ¢aglFe EE5E HYFTh



654
IG.j)  + u(i, j) orxtail | 1G.)
T (2)
PAb EA 5+
|
(a)
ST 3t A o lne

3/16|5/16|1/16

\ e
(b)

J2! 1. 7|=9 ED ¢1E|E [11]. (a) E=, (b) Floyd?}l Steinberg2)
ED OA3

Fig. 1. Conventional ED method [11]. (a) block diagram, (b) Floyd and
Steinberg’s ED mask
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Fig. 2. Block diagram of the proposed CE algorithm
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Fig. 3. Result images (test image 1). (a) original image, (b) low contrast input image, (c) HE | image, (d) HE Il image, (e) enhanced image
using the proposed method
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Fig. 4. Distribution of the pixel values in the RGB color space (test image 1). (a) original image, (b) low contrast input image, (c) HE | image,
(d) HE Il image, (e) enhanced image using the proposed method
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Fig. 5. Enlarged result images (region A of test image 1). (a) low contrast input image, (b) HE | image, (c) HE Il image, (d) enhanced image

using the proposed method
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Fig. 6. Edge detection of Fig. 5. (a) low contrast input image (1,894), (b) HE | image (13,402), (c) HE Il image (11,434), (d) enhanced image
using the proposed method (7,679)

(d (€)

)
, (c) HE 12| ZI} %4, (d) HE 112] ZT} B4, (e) Miokeh o]

Fig. 7. Result images (test image 2, 522x574). (a) original image, (b) low contrast input image, (c) HE | image, (d) HE Il image, (e) enhanced
image using the proposed method.
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Fig. 8. Distribution of the pixel values in the RGB color space (test image 2). (a) original image, (b) low contrast input image, (c) HE | image,
(d) HE 1l image, (e) enhanced image using the proposed method.
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1 YYD FESAE JHM FS0| AEZT] (B bit).
Table 1. Entropy of the input image and the contrast enhanced images
(unit: bit).
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H71 oo
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AQHE W B2E 94 15} o] 3
ot BIZE G 29} 0ol A7t B AR G
el £ 452 Halth WA ED WHE Al

o) 471

o B Sk g A s Be o

& o
A5E AT 22 A= As 295
hva =

V.2 E

2 sroXe HEE LAt 71 o83 29 CE
GYFS ARbeginh B FEHXEEES 2= 2 o
g e 7= HE S o868l ZEHEES 744
A FUA FAl QA Ft 7S T3l Bek FellA
ol AEYA e 25E o33 22 g5 £AE
Zo] Ttk oA} it 7L v FEGAES] oY i
o 7189 29 HE WS ol &3] FENRES N7 o
g ko] AolE T sl A F7] wiEel 2%
H oS SoiFHA FA AALHA Gl AR
sh= 8171 gkl i s S7AA A "ok ok 2ol At
e = A s 73 BE 9 J|AEIHS
ZH she £ 459 CE 895 Hole AMS 2=t
2 wrdAe 9 FuolMe] i a3tet RGB 29 &

oA Bk gk BE, oA AFS FF A%E 9P
o3 ghole] Wi, dEZIZ Aoke el HS B

(1]

[2

31

(4]

[5]

(6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

S
fusl

i

N
=
gl

R. C. Gonzalez and R. E. Woods, Digital Image Processing.
Second ed., Upper Saddle River, NJ, USA: Prentice-Hall, 2002.
K. Jain, Fundamentals of Digital Image Processing. Englewood
Cliffs, NJ, USA: Prentice-Hall, 1989.

N. Bassiou and C. Kotropoulos, “Color image histogram equal-
ization by absolute discounting back-off,” Computer Vision and
Image Understanding, vol. 107, pp. 108 —122, Jan. 2007.

I. Pitas and P. Kiniklis, “Multichannel techniques in color image
enhancement and modeling,” IEEE Trans. Image Process., vol. 5,
no. 1, pp. 168—171, Jan. 1996.

P. E. Trahanias and A. N. Venetsanopoulos, “Color image en-
hancement through 3-D histogram equalization,” in Proc. 11th
IAPR Conf. Pattern Recogn., vol. 3, pp. 545—548, Toronto,
Canada, Sept. 1992.

S. K. Naik and C. A. Murthy, “Hue-preserving color image en-
hancement without gamut problem,” IEEE Trans. Image Process.,
vol. 12, no. 12, pp. 1591—1598, Dec. 2003.

R. Kimmel, M. Elad, D. Shaked, R. Keshet, and I. Sobel, “A var-
iational framework for retinex,” Int. J. Comput. Vis., vol. 52, no.
1, pp. 7—23, Jan. 2003.

S. K. Nayar and V. Branzoi, “Adaptive dynamic range imaging:
Optical control of pixel exposures over space and time,” in Proc.
IEEE Int. Conf. Computer Vision and Pattern Recognition, vol. 2,
pp. 1168—1175, Nice, France, Oct. 2003.

S. Daly and X. Feng, “Decontouring: prevention and removal of
false contour artifacts,” in Proc. SPIE Human Vision and
Electronic Imaging IX, vol. 5259, pp. 130—149, San Jose, CA,
USA, June 2004.

J. W. Lee and R.-H. Park, “Contrast enhancement using modified
error diffusion,” in Proc. EUSIPCO 2008, accepted for pub-
lication, Lausanne, Switzerland, Aug. 2008.

R. W. Floyd and L. Steinberg, “An adaptive algorithm for spatial
grayscale,” in SID Int. Symp. Dig. Tech. Papers, pp. 36—37,
1975.

J. Jarvis and C. Roberts, “A new technique for displaying con-
tinuous tone images on a bilevel display,” IEEE Trans. Commun.,
vol. 24, pp. 891—-898, Aug. 1976.

P. Stucki, “MECCA-A multiple-error correction computation algo-
rithm for bi-level image hard copy reproduction,” Research Report



2] 2008 A|13¢ A5E

&

RZ1060, IBM Res. Lab., Zurich, Switzerland, 1981.

[14] X. Li, “Edge-directed error diffusion,” IEEE Signal Processing
Letters, vol. 13, no. 11, pp. 688—690, Nov. 2006.

[15] T. Liu, “Probabilistic error diffusion for image enhancement,”
IEEE Trans. Consumer Electronics, vol. 53, no. 2, pp. 528 —534,
May 2007.

661

[16] K. T. Knox, “Evolution of error diffusion,” Jour.
Imaging, vol. 8, no. 4, pp. 422—429, Oct. 1999.

[17] N. Dantera-Venkata and B. L. Evans, “Design and analysis of
vector color error diffusion halftoning systems,” IEEE Trans.
Image Process., vol. 10, pp. 1552—1565, Oct. 2001.

Electron

WS I
i | 1\& ol X &
VY] - 10994 : £ToIRIhstD S2[5iT} (O[SHAN
- 200414 AZCHEIT MBI} (BSA
- 2006 : MZTHStW MARSEDL (FEHAAR
- 2006 ~ SR : MZiTHetn MASED} BiAL 2Ry
- FER0F : HYAE|
ghef g
- 19764 : MEStHElL MAISSH} (SEAL
- 19794 © MESCHE W MALSSEID (FEHAAL
- 19814 : Stanford University (Stanford, CA) M7|S8tn} (S&H4AAD
- 19844 : Stanford University (Stanford, CA) 7|S3tn} (S&HIA
- 1984 ~ SAY : AM2cHetn MARSED we
- 19904 : University of Maryland (College Park, MD) 2Eu4
- FRAE0L : PHSA, AFE HIM L afEelA



