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Details preserved brightness equalization
algorithm for non-uniform illumination images
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Abstract: In order to overcome the limitation of current image enhancement algorithms for non-uniform illumination
images, a brightness equalization algorithm is proposed to preserve the detail information in low illumination region
and normal illumination region at the same time. The algorithm uses the adjacent frequency and position of pixels to
generate illumination filter, so it can effectively separate illumination information and reflection information with de-
tails. The illumination threshold is used to divide different illumination areas to compensate for low illumination
brightness, so as to balance the image brightness. The experimental results show that compared with the classical
naturalness preserved enhancement algorithm (NPEA), the average peak signal to noise ratio of the image in-
creases by 15.4%, the average enhancement degree increases by 245.0%, and the average brightness step dif-
ference decreases by 25.4%. The results of the proposed algorithm can maintain the details of different illumination
areas while balancing the brightness and obtain a better visual effect.
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Fig. 1 Proposed image enhancement framework
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Fig. 3 Pseudo code of image enhancement algorithm

B4 BER1LELEE. (a) BE; (b)EBCE &M R, (C)ACA LT LR (d) NPEA AL 324 %
(e) A4zt R

Fig. 4 Results for image 1. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA; (e) Enhanced image of the proposed algorithm
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Fig. 5 Results for image 2. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA; (e) Enhanced image of the proposed algorithm
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Fig. 6 Results for image 3. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA, (e) Enhanced image of the proposed algorithm
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B7 B4smsER, (a) BE; (b)EBCE A% R, () ACA 43225 % (d) NPEA 45245 %
(e) A AL R

Fig. 7 Results for image 4. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA, (e) Enhanced image of the proposed algorithm

B8 5 /mELER, (a) RE; (b)EBCE 434 % (c)ACA 474 R, (d) NPEA 434k £
(e) AL KL R

Fig. 8 Results forimage 5. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA; (e) Enhanced image of the proposed algorithm
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B9 M6k ER,. (a) RA; (b)EBCE 432 %; (c)ACA LI E; (d) NPEA 43845 £,

() AL LR
Fig. 9 Results for image 6. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA; (e) Enhanced image of the proposed algorithm

10 BR742L%, (a) BE; (b)EBCE &M R; (c)ACA &4 R; (d) NPEA 4524 %;

(e) RXAELR
Fig. 10 Results for image 7. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA,; (e) Enhanced image of the proposed algorithm
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B 11 B8 amER, (a) BE; (b)EBCE A% R, (c)ACA 44 R, (d) NPEA 43R,
(e) A AL R

Fig. 11 Results for image 8. (a) Original image; (b) Enhanced image of EBCE; (c) Enhanced image of ACA;
(d) Enhanced image of NPEA; (e) Enhanced image of the proposed algorithm

A1 BgIEA

Table 1 Performance comparison of Entropy

EBCE ACA NPEA
1 6.7759 6.3986 7.3644 7.3908
2 6.0986 6.2287 6.9923 6.2990
3 6.1371 6.7247 7.1099 6.9896
4 5.5590 6.3906 7.4197 7.1557
5 6.5750 71734 7.0360 7.2182
6 6.6759 7.1319 7.6879 7.4086
7 6.0638 6.1719 6.9306 7.2879
8 7.3078 7.1795 7.7850 7.4435
6.7303 7.0599 7.5043 7.5045
A2 BRI
Table 2 Performance comparison of PSNR
EBCE ACA NPEA
1 19.2995 17.7274 16.3316 17.4192
2 18.3451 20.8345 15.5244 20.2428
3 23.2680 20.0979 13.9212 22.1396
4 22.5285 22.6555 11.1801 21.0813
5 20.1844 20.5146 20.4338 25.6804
6 17.5665 18.6475 15.8025 18.2134
7 14.6139 19.1116 14.6980 21.9548
8 18.1961 22.1573 21.7747 19.6659
16.7952 21.0702 18.8262 21.7162
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Table 3 Performance comparison of EME

EBCE ACA NPEA
1 29.1031 219.7958 69.5007 153.0762
2 19.1917 263.9296 75.3386 226.6238
3 51.7701 284.0402 93.9338 234.0508
4 39.6123 301.9907 110.9626 223.9246
5 42.6311 329.8859 133.8446 252.6182
6 18.2955 262.0133 56.6423 107.4543
7 38.6975 454.7314 97.8607 474.2258
8 24.7261 320.5474 81.1888 140.6896
42.3844 414.0190 104.2645 359.7217
k4 BREENEXL
Table 4 Performance comparison of LOE
EBCE ACA NPEA
1 0.3171 0.2465 0.1974 0.2389
2 0.4738 0.2735 0.3894 0.1406
3 0.5337 0.2836 0.3257 0.2193
4 0.5667 0.2281 0.3471 0.2120
5 0.4087 0.1823 0.0812 0.1645
6 0.4295 0.3687 0.2289 0.1935
7 0.4691 0.4880 0.2545 0.1197
8 0.3779 0.2131 0.2217 0.1785
0.4433 0.3416 0.1989 0.1484
NPEA
15.4% 245.0%
25.4%
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Proposed image enhancement framework

Overview: Digital imaging is widely used in medical, surveillance, machine vision and other fields. Due to the limited
light source during image acquisition, the captured image may have uneven illumination. The specific performance is
low image local gray value, less dark area information and poor image visual effect, which affect subsequent judgment of
image features.

In order to overcome the limitation of current image enhancement algorithms for non-uniform illumination images,
a brightness equalization algorithm is proposed to preserve the detail information of low illumination region and nor-
mal illumination region at the same time. According to the Retinex theory, the gray value of any point in the image can
be determined by the product of ambient illumination and reflectivity. Ambient illumination changes slowly with posi-
tion, corresponding to the low frequency components of the image. Reflectivity depends on the object itself, reflecting
the characteristics of the surface color and detail edges of the object. It contains the high frequency components of the
image.

In this paper, an illumination filter for illumination estimation is designed by combining the adjacent frequency of
the pixel with a conventional Gaussian filter. The basic idea of the illumination filter is that the influence of any neigh-
borhood pixel in the image on the central pixel is not only related to the distance from the central pixel, but also related
to the adjacent frequency of the values of the pixels on the image. It can effectively separate illumination information
and reflection information with details. Then, the designed illumination compensator is used to process the illumina-
tion information which is mainly composed of low frequency components. The compensator uses illumination thre-
shold to divide different illumination areas to compensate for low illumination brightness and adjust the overall illumi-
nation. The reflected and compensated illumination is combined to obtain an enhanced image with details retained.

Considering that in the process of image enhancement, the suppression effect of image brightness unevenness is
closely related to the image information quantity, image quality, enhancement degree and naturalness maintenance ef-
fect, this paper uses four image evaluation factors (Entropy, PSNR, EME, and LOE) to objectively evaluate the image
quality. The experimental results show that compared with the classical NPEA algorithm, the average peak signal to
noise ratio of the image increases by 15.4%, the average enhancement degree increases by 245.0%, and the average
brightness step difference decreases by 25.4%. The results of the proposed algorithm can maintain the details of different
illumination areas while balancing the brightness, and obtain a better visual effect.

Citation: Xi J Q, Chen X D, Wang Y, et al. Details preserved brightness equalization algorithm for non-uniform illumi-
nation images|[J]. Opto-Electronic Engineering, 2019, 46(4): 180439
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