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A Fast Image Enhancement Algorithm Based on Fusion of Different Color Spaces
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Abstract
problems of color distortion, noise amplification, and halo artifacts. Firstly, a single scale retinex is used in channel V of

A fast image enhancement algorithm based on fusion of different color spaces is proposed to overcome the

the HSV color space. An enhancement adjustment factor is introduced, when we stretch the calculated reflection in the
logarithmic domain into a dynamic range, i.e., 0 ~255. It is used to adjust the enhancement for different pixels. Thus
noise amplification and color distortion can be effectively avoided. Then, the improved Gaussian filter is given in the
RGB color space by analyzing the cause of the halo effect. This step can eliminate the halo artifact. And a parameter
is adopted to keep the color natural of the image when the reflection is calculated. Finally, the weighted average of the
outputs of the above two color spaces is taken as the final output of our algorithm. The experiment results show that for
images with different lighting conditions, 1) the outputs of our algorithm is free from the halo artifacts; 2) there are no
color distortion and noise amplification problems; 3) the quality and the efficiency of the algorithm are superior to the

multi-scale retinex algorithm (MSRCR) and other comparison algorithms.
Key words Retinex theory, multi-scale retinex with color restoration (MSRCR), halo artifact, image enhancement
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Bl 2 SR HIEA FMF SRR T
Fig.2 Visual comparisons of the results obtained by the Gaussian filter and the FMF algorithm
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Table 1 Comparative evaluations between the Gaussian filter and FMF algorithm (Images size: 2000 x 1312)

e N R
WE  EWE M KREERE (s) MM WEMIE B FERTE (s)  BME WEMIE B AAEIRE (s)

JE 61.93  1.81  4.92 — 9419 232 514 — 56.26  3.51  4.73 —
mlTE 90.16 448 5.34 1.0 102.1  9.23  5.27 1.0 98.23  11.57  5.36 1.0
P 88.67  6.34  5.35 0.5 103.7 11.54 5.34 0.51 97.54 1510 5.39 0.5
x Inter(R) Core(TM)i3 CPU 530 @2.93 GHz, 2.93 GHz, 4.00 GB
Hoh V(e y) RonfdbomsofEfl, g Rontgomifsel [, JEksipeiy a2k, X (11):
FRFERE MR, LAY, JEM 0.5~ 1 HR Ve ()
BN FAL RS 075 R LIRER T S (a, ), Jq%w:4$%é% (11)

)

1L (10):
‘/etLh(xJJ) - S(‘Tay) : ‘/enh(xay)

FRAR sin IE 3% 2R HOREE, 4 BUERERIZ V (2, y)
TRBHHAT 255 i, AT S(z,y) BT 0, X
PR 7 L1 5 T Bt 8 R T AR 75 TR B
11 58 125 3 LA 8 1 X S0 3 2K 2 S0 B 40°F .
KB DR T EL B I 3 . e P
[iﬁ%ﬁﬁﬁﬁﬂTW*“%.mW3()¢ﬁl
[ 350 P . 3T P 4P R [ 22 I S0 A\ R [ 4 3
TAHT, W0 T L% (W 3 (c) B K ST r).

(10)

X 53R (158 > B MR R A2 0~ 255 (17

H (9) A1 (10) wTLLA H Y R EHE 2= IR 255
i, FM B JG  F AT 0, X PSS R
P v 2 DX 1 i i T S R AR S, WOk T B
,J”i"?%}:TTIV, BATE i‘é‘%}éﬁ@%ffiﬁ%%ﬂ
J5 Pl B 4y e LR, HUOP R R R OR AR, B
K(z,y) < 1 W K(z,y) = 1. KR4G085 i
), WA R, G, B Hit5E LT

Rl(xvy) = R(ﬂ?,y) (l’,y)
Gi(z,y) = G(z,y) - K(z,y) (12)
Bi(z,y) = B(z,y) - K(z,y)

H R(x,y),G(z,y), B(z,y) NREM R,G, B 14,



444 F BRI A T AN [ CRE 2 T i ) DRk P R G i S 701

(a) liil4
(a) Original image

(b) A i 4EIR 1
(b) Without adjustment

(c) 11 4EIN F
(c) With adjustment

B3 I NBESRE RE D 1 e o) e
Fig.3 The compared results of the algorithm with and without adjustment factor
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Fig.4 The results of luminance estimation
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Fig.5 The pixels change around the tower using different

scale filter templates
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Fig.6 Comparison of eliminating halo artifacts
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Fig.7 Comparison of different algorithms results
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Table 2 Different color enhancement algorithms objective test results

JE MSRCR DCT HSV-IMSR, NASA ARICE
50 5.078 5.039 5.090 5.028 4.685 5.228
9 T 2.980 6.599 5.381 4.579 5.756 7.870
B 75.243 107.396 114.53 117.550 115.049 112.33
SSIM — 0.017 0.015 0.074 0.088 0.031
50 4.584 5.001 4.914 5.009 4.970 5.042
—_ TR 2.073 7.818 5.593 5.385 8.422 8.594
B 57.237 105.929 97.668 104.138 110.339 111.17
SSIM — 0.058 0.050 0.086 0.035 0.041
50 4.860 5.340 5.294 5.334 5.349 5.374
- T RE 4.275 11.257 9.991 8.847 12.052 14.094
HE 57.956 109.248 107.252 112.638 93.190 116.043
SSIM — 0.022 0.047 0.045 0.145 0.048
P 4.911 5.324 5.242 5.342 5.157 5.381
N T RE 1.665 7.183 4.750 4.802 6.234 6.674
Kfl 68.244 102.11 107.39 112.17 114.15 110.47
SSIM — 0.020 0.003 0.058 0.010 0.028

R 3 ARSI 2 W
Table 3 The speed of different algorithms

WFEIFE (ms)  MSRCR  DCT  HSV-IMSR A%
Y #% 1437 5656 700 300
8 1438 4750 705 296
bi)2 1422 5360 703 299
p/Nob 1423 4850 702 297

4 PraNelE A FEEE b

Table 4 The average index of all test images

R SSEET P THHT B SSIM
MSRCR 5.023 6.970 116.031 0.087
DCT 5.075 8.263 115.520 0.044
HSV-IMSR, 5.137 8.345 118.739 0.298
AL 5.108 11.028 121.804 0.311

TAE R N2 2 T LA, 2 BL SSIM {E I
TR HEVER LA, |38 3 WIAN, AU B
AT AR 4 T LUE , ASCHZE A L
B TR IS AT HSV-IMSR 53:4b, HAhAN S 218
R BV BT E, BIEAN SSIM. (IR T3 LL S, 162
T HCESRRCR  H .

ASCAE MSRCR JEditl b, oy H K vy 4 BUREAR

AT T k. MSRCR AT 3 AN i, AR 11
PUEZE RN 3R oy < 50,50 < 0y < 100,03 >
100. W RH s G HRM rEdIT I e, BHE
JEECRM. BRIk, A SCHE R Retinex JEAili B H
FMF SR m s, A adem 750, I
W, FE 2.2 15 R /N RUBE 1 e gt vy 0 08 s A AR A A
RV, HRUBAG T HIER R 248, NG5 53R
2. % 3 FAATLIE 1, A CHE Retinex HEE 1) 3E il
AT T S, AR AR IR bR A e, 1T
HALRAIE T 305 R

4 g

BEXIHET MSRCR. H LA U il L G R2 I
s Kot O S, A SCREH T AN IR BSedt ik,
S 45 RAR WA SCEEFEA R T3 ILA L JF
IEREEVYIN & NS IE =i 1K= RPR NPV S e SE N E 7

I&] .
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