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Reading Method of Substation Pointer Meter in Rain-Fog Environment

Zhu Binbin , Fan Shaosheng
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University of Science & Technology, Changsha, Hunan 410114, China

Abstract When an inspection robot is applied in the outdoor substation, there exists a problem of low accuracy of
pointer meter recognition in complex environment. This paper proposes a pointer meter recognition method based on
gray-level dynamic adjustment and Blackhat-Otsu algorithm. Aiming at the foggy environment, the Retinex
dehazing algorithm based on gray level dynamic adjustment is proposed to process foggy images with different
concentrations and the image contrast and clarity are improved. The information entropy of the obtained image is
increased by 1.1 dB-2 dB compared with that of other dehazing methods, but the mean square error (MSE) is
reduced by 700-800. The fast guided filter layer is introduced in the ResNet network deraining model to remove the
rain pattern on the image, and the peak signal-to-noise ratio (PSNR) and structural similarity (SSIM) are both
improved. In order to improve the accuracy of pointer reading, the Blackhat-Otsu pointer separation method is
proposed to eliminate the interference of pointer shadow and dial scale. The experimental results show that the
proposed method has good robustness to the rain-fog environment in the substation, and improves the accuracies of
instrumental detection and reading recognition.
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Fig. 1 Flow chart of instrumental detection and reading recognition
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Fig. 2 Dehazing results under different D. (a) Hazy image; (b) image before mapping; (c) dehazing result

under D=1.9; (d) dehazing result under D=2.3; (e) dehazing result under D=2.7
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Fig. 3 Structural diagrams of ResNet network. (a) Residual unit; (b) improved residual unit;

(c) our deraining network
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Fig. 4 Comparison of image pixel distributions. (a) Histogram of image; (b) histogram of detail layer
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Fig. 5 Extraction process of pointer. (a) Dial positioning; (b) dial correction and pointer extraction
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Fig. 6 Comparison of dehazing images. (a) Hazy images;

(b) dehazing images using dark channel; (c¢) dehazing images

using MSRCR; (d) our dehazing images
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Table 1 Comparison of image entropy and MSE
Dark channel dehazing MSRCR dehazing Our dehazing
Hazy image
Image No. method method method
Entropy MSE Entropy MSE Entropy MSE Entropy MSE
Image 1 6. 74 6356 12.09 1221 11. 94 2211 14. 04 1167
Image 2 8. 47 5019 12.42 2111 11. 86 2185 14.12 1812
Image 3 10. 21 2828 12.38 3423 11. 69 2326 13. 84 2136
Image 4 11. 24 2256 12.43 3909 11. 56 2880 13.76 2474
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Table 2 Dehazing process time comparison of images

unit: s

415 pixel X 415 pixel

Method 225 pixel X225 pixel
Dark channel dehazing method 1. 50
MSRCR dehazing method 2.20
Our method 1.02

1.55
2.11
1.02
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Fig. 7 Contrast ofderaining images. (a)Rainy images; (b)deraining images without filter layer; (c¢) our deraining images
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Fig. 8 Contrast of separation results of pointer area.
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Table 4 Angle recognition results of meter reading

Manual recognition Adaptive Otsu
Our method  Error

method algorithm
0.5° 0.56° 0.52° +0.02°
6.0° 6.30° 6.23° +0.23°
9.5° 9.25° 9.35° —0.15°
26.5° 26.75° 26.0° —0.50°
32.0° 31.4° 31.7° —0.30°
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