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Abstract: In view of the limitation of current enhancement algorithms for the problems of nonuniform
illumination, unobvious edge details, and image noise in electronic endoscope images, a Retinex-based
framework for combining low noise, balanced illumination, and detail enhancement of electronic
endoscope images was proposed, and an enhancement algorithm was designed according to this
framework. The algorithm used an illumination filter to obtain the illumination estimation, with the
noise removed. To effectively distinguish noise from detailed information to obtain a more accurate

reflectance, first, a reflectance estimation method was designed based on Maximum A Posterior
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estimation (MAP). The illumination factor was designed according to the illumination estimation to
control the probability weight. The smoothness term of reflectance in a low illumination area was
subjected to a strong constraint, and the posterior probability was maximized to cope with noise
interference caused by nonuniform illumination. Second, a reverse equalization model was designed
according to the Dark Channel Prior (DCP) algorithm to deal with local image degradation caused by
nonuniform illumination and by the scattering and absorption of mucosa and digestive juice in the
human body. As reflectance containing detailed information pays more attention to contrast, the
contrast enhancement result was derived by using contrast-limited adaptive histogram equalization to
deal with unobvious edge details. The final enhanced image was obtained by compensating the
adjusted illumination back to the reflectance. Through this synthesis, the enhanced image represented
a compromise between noise filtering, detail enhancement, and local contrast enhancement. The
experimental results show that, compared with the average enhancement degree of the algorithm of
Non-uniform Illumination Endoscopic Imaging Enhancement (NIEIE), that of the algorithm proposed

in this paper increase by 23. 94% by maintaining the information entropy and peak signal-to-noise

ratio. Therefore, the proposed algorithm has good applicability for electronic endoscope images.

Key words: image enhancement; illumination equalization; noise removal; detail enhancement;

endoscopic images
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Fig. 1 Proposed image enhancement
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Tab. 1 Performance comparison of entropy
&4 Z= Rao NPEA  Proposed
A 6.557 5 6.517 8 6.613 5 6.764 4
B 6.763 2 6.723 2 7.170 8 7.163 1
C 6.758 1 6.8713 6.8451 6.811 8
D 6.560 7 5.867 5 6.150 7 6.137 9
E 6.136 8 5.7727  6.049 1 6.059 3
T 6.555 2 6.350 5 6.565 8 6.587 3

®2 BEREBEFRLEXE

Tab. 2 Performance comparison of PSNR

&4 B Rao NPEA  Proposed
A 14.605 2 22.0887 22.1281 23.2129
B 13.420 2 26.526 8 18.6528 24.192 2
C 15.768 5 22.228 1 18.219 6 23.215 2
D 16.086 4 21.521 7 16.453 2 22.8795
E 15.222 7 24.464 4 18.246 2 23.342 6

) 15.020 6 23.3659 18.7399 23.368 4

x3 BEBIBEEL

Tab. 3 Performance comparison of EME

&4 B Rao NPEA  Proposed
A 2.934 8 3.582 2 3.677 9 4.342 9
B 5.069 0 6.831 2 7.347 4 7.843 5
C 6.2555 10.509 6 10.5096 12.9355
D 1.8728 2.5232 2.5232 3.627 3
E 3.951 6 7.769 2 7.769 2 9.939 3

-1y 4.016 7 6.243 0 6.3654 7.7377

AR S TEGREEES L IE 1
K i FEACAE R 4 R EE AR B I S B2 BB
RIASE i 52505 (Rao 1 NPEA 54 T &
A5 BRI RORADL . 255 3% 2 P (5 1R
PR 45 2R DL B AR 95 5 Rao ik iy g (i
FEMR LSRR T IR, XEh TR T A
P PR I B8 DX A0 5 MR A B2 % T NPEA 593k
FH X Bt 5 PR A A BEOE IR I oK 2 R
P 2R R AT O MR 2 R B 2 7 — S PR |
SESE MR AREN L ATk i KR B R
i 7 A AR RS i L X TR R R AR B R
FE A1 F 2 ) o A0 o BE 88 B O R JEE A K O D 45
A0 . T Rao 5703k Hh 4l F A BEAB A A5 B4 X T {1
TR 38 Mg P U A A — S 400 ) 4 D, R A T B e Y
WL {5 MR LU B . (HH S5 25k ONPEA 5% JF
AR 2 TR BB L BE A4 T, IR I 7E R 3 R
FO 8 i B SRS RPN L. R 3 BRI T
AT X T BB 2 4R e T Al 3 b AR ik
RIVAS B89 B O T 4 ol A1 £ R A R . A
FLZ R AR SO R A5 R RE S A R (s B (R
B S HEE = A7 T R B 4 2R IS T AN
F g o PN B I B A 3 i Ak B

R SC A Rl A AR R S | 35 O TR R 4 Y 3
SR Y Retinex HEZR LK B0k 75 L 1 P4 B2 181 44008 ot
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R4, 45 BlE Retinex HEZE X F P4 5% G B HE 55 2249

PR Bl 7T RUF 3 mTAE, B e L
ST REPK A AR R DX AR R R DL IR R T
Y TR 2 U A A o 5 T AR MR 7 e 4 SR o oD
RL5E D GO0 4% B S5 A P BT B9 20 . 25 =, O T 4%
1o 12 W S, TN O T A0 1 NS BE R L iR HC A o
R LEEIREY, 5ERIE NPEA Bk,
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