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Fig. 1. The improved Retinex enhancement algorithm

based on illumination component correction.
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Fig. 2. The framework of the proposed method paper.
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Fig. 3. The modules of the proposed method.
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Fig. 9. The resultant images of module 1 by using single scale structure extraction
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(d) fRIREET BEE G (e) LLAMEIG

K10 FEERBH T RIRCRE

Fig. 10. The resultant images without module 2.
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Fig. 11. The resultant images without module 3.
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Fig. 12. The resultant images without module 4.
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AL AT & BT B SRR AE — 8 AT 2k /NK
AR 4R R PE B Retinex Sy B0 1 3k 3 o) 1
G AT E I B BE Retinex f1% R Retinex
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AR AN 7RO IR, X6 BGOSR 1) R
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I AR S PG e 7 AT T AR AR i S e
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Ot BB M 75 1) [R] I AT 5 b 1 5 1 UG 4015 MR Bl
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(f) ZRERetinex

()

31 b
(d) (e)

13 X JalEE A 5t ORI
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(a)—(h) 9 5 ST 10 B 4

Fig. 13. The experimental result of X-ray image of scene A.
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By F-F- & B 7 B A TE 3 5 UG Bl e A e
HORKF TSR ANEMR AT, AN AR R EE I T
g, RN ER A H; R R 2 RE Retinex
EAY PRI T HENEIER, B RH &R

S e

SR BRI AL 58 BOR B, B B 40 75 sk Ok ™
I8 P Retinex A % H 8 4 1O 2= Oy L BL R (H
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A R0 58 2R A B AGORE EOE R Y, B AR AL
K

(2) (h)

K14 XOGKEGERBRERACRE  (a)—(h) AR 5E200 R R H 205 1

Fig. 14. The experimental result of X-ray image of scene B.
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()
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Fig. 15. The experimental result of ultraviolet image of scene A.
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Fig. 16. The experimental result of ultraviolet image of scene B.
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Fig. 17. The experimental result of visible image of scene A.
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_.Irs;-u-;
(f) (g) (h)

(e)

(a)—(h) A9 B0 9 5 05

Fig. 18. The experimental result of visible image of scene B.
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Fig. 19. The experimental result of low illumination visible image of scene A.
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Fig. 20. The experimental result of low illumination visible image of scene B.
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Fig. 21. The experimental result of infrared image of scene A.
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—(h) AR SRR IR A1 R 1

Fig. 22. The experimental result of infrared image of scene B.
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*1 FBEIG A B REGEERR

Table 1. The objective indicators of different spectral image of scene A.

B T T 7 Xt LN EIEB AL AR LT AL R AR
H G H G H G H G H G
JE & 6.97  4.97 6.96  9.40 7.23  4.67 4.99 1.14 2.80 6.01
HJT BB 6.86  4.91 5.76  16.57 715 850 4.95 9.89 20.56  11.91
TEHETTE 6.89  4.96 6.82  13.93 7.22  7.15 4.99 6.09 11.14  11.29
NP A 7.26  5.33 6.48  10.29 7.27  10.66 6.52 7.82 549  11.25
BR¥ Retinex 7.52  6.01 6.12  14.10 7.65 11.34 6.83 7.80 547  11.31
% RJ¥ Retinex 7.16  5.80 6.90  16.76 7.64 824 4.04 0.75 1.84 6.51
XIHPER Retinex  5.58  4.24 6.53  8.70 6.63  6.19 5.00 1.68 3.16 6.11
N AT 7.67  7.26 7.59  18.53 7.81  11.48 7.61 11.68 777 13.87
*2  FiLEEE BREGENER
Table 2. The objective indicators of different spectral image of scene B.
B {5 0 ] T i X FalEB HHMEG AR R EE T o PR ARNETA
H G H G H G H G H G
R 7.69  1.58 7.34 1297 6.87  3.28 5.43 1.24 5.23  3.05
HITE G 5.98  2.20 5.75  12.59 5.95  8.25 5.30 5.70 5.01  17.20
TEHETTE 7.69 175 727  7.88 6.86  6.08 5.43 7.14 5.23 1157
AN 6.56  1.60 7.28 719 713 6.27 4.49 1.24 6.04 221
BRF Retinex 6.45 1.68 5.88  7.01 6.53  3.32 6.85 4.43 595  3.17
% JUJZ Retinex 6.27 1.76 555  6.16 6.47  3.57 6.71 4.49 576  3.20
MIBPER Retinex  7.70  1.65 7.36  6.38 6.88  4.28 5.45 0.86 485  4.23
¥ RS 7.83  5.41 7.86  19.55 7.86  10.65 7.83 11.64 7.43 793
PSR, A5 38 5 AR AH 1 Boos B2 1R[] B A Rt
5 B % )T GRS . HEASCEEP RS L 2T

N T o2 BB I o ), A SCER G A
KRG R PEAAL I RS 1E, il 2 RS R AR SR AL
%76 BT B AR R B A DR K JR) A T 1Y ot
MIPEH, FEl 1 — P+ ERFAE SR HUL Retinex
W B GIg mS . A SCRPOR M 2 RUE ERFEIR
BOEAG TG 0 &, RES A RO ORSF ERFIEL 245
B, @Rt R, B B S R ot
PCRE, X HBEAT 1 & L7 B3R A RT A Rt i
SERTECRE, $E i H Aroxh BURE, 723 98 42 R X EE RE I
(]I 8 56 PG IL 2R 41, PR 0 S 0 SR B 1
JRFRREIE, AR AT S e R, Dy Tt T
FEAE Jr SRR AR rh it — 2D I 58, SR B oy B AT
AE = B AR AEL IR R, R Xt U 73 R
JR R 75 22 R R AR T A 5, A R I 9 TR
MUY, SEEas SRR M, AHIL RN AT HOt i St
=RHIR, EE XOUEE. KANEE FTHOLH
15 AR RE AT W' EHGORN 2L A G 55 22 3 B U 11

HBE, SR RIT RS EE SN 3 E .
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Abstract

Applications in industrial and scientific areas need high-quality multispectral images. However, because of various
disadvantages, e.g., adverse environment of sensing, limited spectral bands, etc., multispectral images suffer low contrasts,
low signal-noise-ratios, etc. As inputs of applications such as tracking, recognition and so on, multispectral images with
low quality may cause those applications to fail. In this paper, aiming to meet practical requirements, we propose an
algorithm of efficiently improving miultispectral images. The framework of the proposed method is as follows. According
to Retinex theory, a multispectral image can be modeled as multiplicative combination of an illumination component
and a reflection component. Typically, an illumination component is of low frequency and determines the dynamic
range of pixel intensity, while a reflection component is of high frequency and determines the property of an image.
Once we can successfully enhance both an illumination component and a reflection component, which is described later,
respectively, we achieve the enhancement of a multispectral image by multiplying two enhanced components. First,
we estimate the illumination component based on the principal structures extracted from the multispectral image on a
multiple scale, i.e. on a low-level scale, middle-level scale and high-level scale, respectively. The mean value of the three
principal structures is used as the estimation of an illumination component. Then the global structure contained in the
illumination component, can be obtained by analyzing the corresponding information about its histogram, and is involved
to enhance the global contrast and the edge details of the principal structure. Second, with the previously computed
illumination component, we can easily derive the reflection component from the multispectral image in pixel-wise division
operation. There are adequate image details as well as noise in the reflection component. We suppress the noise and
keep the image details by using a non local mean filter. And then we enhance the image details by means of local
variances. Finally, multiplying the enhanced illumination component by the filtered reflection component, we enhance
the multispectral image. In order to verify the efficiency of our algorithm, experiments are conducted over multispectral
image sets including X-ray images, ultraviolet images, well illuminated visible light images, poorly illuminated visible
light image, and infrared images. The experimental results show that the proposed algorithm can efficiently remove halo
artifacts, well suppress noise and obviously improve local details as well as global contrast. Compared with the state-
of-the-art algorithms, the proposed method significantly enhances multispectral images both in vision and in objective

analysis by means of information entropy and average gradient.

Keywords: multispectral image enhancement, structure extraction, Retinex
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