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Abstract In this paper, we propose an information enhancement method for surface disease images of ancient city walls
based on adaptive correction of the illumination component to solve the problems of hidden information of surface disease
images of ancient city walls and poor disease feature extraction and recognition due to the interference of sunlight change,
occlusion between objects, and shooting angle deviation. The light component was extracted using continuous convolution
in a multiscale Gaussian function, and the Gamma parameters were determined according to the nonlinear transformation
relationship between the deviation of the light component and the mean value of the pixel. Next, an enhanced two-
dimensional (2D)-Gamma function was constructed to adaptively correct the luminance values of the overbright and dark
areas of the image to recover the hidden information. At the same time, homomorphic filtering was used to suppress the
illumination components of the highlighted areas in the frequency domain in order to solve the problem of weakness of the
2D-Gamma function in characterizing the attenuation of the brightness values of highlighted pixels. This reduces the
dynamic range of luminance and enhances the hidden information of highlighted areas of the image. A coefficient factor was
used to linearly fuse the brightness-corrected image with the edge details extracted using the Sobel operator to reconstruct
an enhanced surface disease image of the ancient city walls with clear details and prominent textures. The experimental

results show that the proposed method effectively solves the problem of hidden image information and poor visibility caused
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by uneven illumination, occlusion, and shadows while retaining the original image details. Moreover, it enhances the

surface disease image features of the ancient city walls and improves the accuracy of disease recognition.
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Table 1 Image brightness values corrected by enhanced 2D-Gamma function under different lighting conditions

Image brightness
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0 0 0 0 0 0
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Fig. 1 Changes of image brightness before and after correction under different lighting conditions. (a) 2D-Gamma function; (b) enhanced

2D-Gamma function
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Fig. 2 Image comparison before and after the enhanced 2D-Gamma function correction. (a) Before the enhanced 2D-Gamma function

correction; (b) after the enhanced 2D-Gamma function correction
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Fig.5 Comparison of brightness histograms of images before and after correction. (a) Brightness histogram before correction;

(b) brightness histogram after correction
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weighted fusion image
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Fig. 10 Flow chart of the proposed method
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Fig. 11 Four algorithm processing results. (a) Original images; (b) Gamma function; (¢) homomorphic filtering; (d) Enlighten GAN;

(e) proposed method
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Table 2 Comparison of performance indicators of four methods

Image Evaluation index Original image Gamma correction Homomorphic filtering Enlighten GAN  Proposed method

Average illumination 5. 2006 5.2126 9.6416 6.2620 6. 2450

Tllumination uniformity 0.5988 0.6401 0.3428 0.7903 0. 6346

Image 1 Image details 32.1773 32. 8856 16. 7305 29.1454 37.6107
Average gradient 10. 29 10. 43 5.31 9.1360 11.93

Weighted evaluation 12.2843 12.4890 10. 1998 11.9734 14.4327

Average illumination 5.0787 5. 0896 8. 4257 5. 5420 6.0403

[llumination uniformity 0.5321 0.5319 0.3719 0. 7449 0.5759

Image 2 Image details 32.2327 32.8913 17.3015 31.5139 38. 8597
Average gradient 10.19 10. 33 5.45 9.7957 12.21

Weighted evaluation 12.2134 12.4022 9. 6940 12.3071 14.6647

Average illumination 5.1728 5.1746 8.8502 6.6844 6. 3356

[llumination uniformity 0.6121 0.6119 0.3478 0.8112 0.6475

Image 3 Image details 32.7037 33. 4407 19. 9558 29.3418 38.0983
Average gradient 10.49 10. 65 6.36 9.2131 12.12

Weighted evaluation 12.4275 12.6335 10. 7077 12. 2664 14. 6300

QA SE BE Y 2 B 5 B B (EL | PRAR 2015 45 A P 24 6 2
477 T RBP4 R AR B T HAL = FhJ7 35 . BT iR
T7 1 B AL B T R B T H A AR K U I R B
JEE A BN 50 5 5 RS R R 4 A0 1 F A 4 g,
KIEE EBM N EREEE s iFEEEE—2
&0, AT LA v 2 R B 2 i A A A R R B A
BORART, UL A0 B1LS (9 PR A W M A BT 4 . i
L AT O i fi 75 ik o ki 3R RS T R
45 B R AR

Oy 32— A BRI BT B 5 12 0 iy e 2 A PR AR Y
Ak BRAGCR ST 420 55 30 05 2 D R HEh ) 2x

£ 138 3k M A= W 3 RS, 154 9K R Eh b 3 4%, Ik
B 128 7K S 32 516 BRAZ A0 R I P4 [ 52 T e 9 10 o & T4
439K FH Gamma pREL | [R] 25 36 % Enlighten GAN i
& 07 v o AR PR AT PLAR 3L, e oy Does 2% T A= )
9o 5 FER AT T EARAE A B, PR e 6 SR ) 5 B O3
AR T el B e L A R 3 TR . 3]
L, B2 T A S 2 T RO ME R R AU 74,80,
S8 T HR 7 VR AT UG B RT , Xo e 3 1 R A R
KB T 91,41 %, FHIL AT L, B8 7 3 AT LU RO A2 T 3
B 2 T 5 PR B ) A V5 SO S, B B AT AU
RRAE B e vt Sl 2 T T TR 0 MR R

3 PURD Tk B SN

Table 3 Recognition accuracy of four methods

Method Total number of test images Correct recognition number Accuracy /%
Original image 128 96 74.80
Gamma correction 128 105 77.95
Homomorphic filtering 128 108 84.25
Enlighten GAN 128 71 55.47
Proposed method 128 117 91.41
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S LA | VRGN 45 b RSP 206 15 DL ROIABURE i 4
B ) 6 1 5 e B BB AT DA O p 45 2R Ak 4
s

FT 4 4 AT A )7 S 06 25 R ol dnl g 3
TET o T P 5 31 45 T AS [) % B8 BEUER MR 7 I, BT 4R T ik
XA S B SR T TR B BG4 AR T H A = A
o TEANTF RN “HUER " S T, B $2 07 15 AR
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Table 4 Results of the evaluation of image quality with noise

Noise Method Average Illumination Image Average Weighted
density illumination uniformity details gradient evaluation
Gamma correction 5.5107 0. 6060 47.8939 15.0239 16. 9986

0.02 Homomorphic filtering 9.0385 0.4238 34.2431 10. 5913 14.9384
Enlighten GAN 5.5075 0.6061 47.8612 15. 0062 16. 9876

Proposed method 6.7123 0. 6085 49.3029 15. 3466 18. 0551

Gamma correction 5.4313 0.6078 56. 6901 17.6842 19. 5028

0.04 Homomorphic filtering 8.8502 0.4220 41.9136 12. 8809 17.0500
Enlighten GAN 5.4270 0.6084 56. 6316 17. 6889 19. 4849

Proposed method 6. 5405 0.6102 57.7359 17.9046 20.4016

Gamma correction 8. 6394 0.4190 47.4667 14.5372 18.5375

0.06 Homomorphic filtering 5.3598 0.6103 63.8462 19. 8968 21.5387
Enlighten GAN 5. 3569 0.6121 63. 7545 19.9345 21.5193

Proposed method 6. 3608 0.6124 64.7129 20.0575 22.3270

Gamma correction 5.2989 0.6130 60. 8463 21.7687 20. 9988

0.08 Homomorphic filtering 8.5363 0.4075 51.2301 15. 6547 20. 3643
Enlighten GAN 5.2994 0.6163 69. 7201 20. 7456 23.2147

Proposed method 6. 2507 0. 6085 70. 3112 21.7950 23.8916

Gamma correction 5. 2437 0.6156 70. 2117 23.4434 23.6277

0.10 Homomorphic filtering 8.4295 0. 4049 54.4469 16.6153 20. 4363
Enlighten GAN 5. 2486 0.6201 75.0513 23.5530 24.7548

Proposed method 6.1166 0. 6088 75.4713 23.3984 25.3772
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