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Perspective rectification based approach to reading
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Abstract: To address the issue of existing circular meter reading algorithms being susceptible to adverse factors such as
shooting angles and complex environments, this paper proposes a perspective rectification-based automatic circular
meter reading system successfully deployed on mobile devices. Initially, a lightweight meter detection model and key
target detection model based on YOLOv8n were redesigned. After simplifying the network structure, a mobile-
optimized lightweight model was developed by integrating PConv into the LiteFFM module and employing LAMP
pruning techniques. The improved model significantly reduces computational requirements, with a parameter reduction
of 97.75% and GFLOPs as low as 0.4. Furthermore, the paper introduces an effective circular meter rectification
method that constructs a rectification matrix from edge contour point sets of the meter to eliminate distortions caused
by shooting tilt, integrating markers and scale characters for precise rotational rectification. Lastly, an enhanced angle
method calculates accurate readings, and a rectification guidance mechanism within the app optimizes the user shooting
experience. Experiments show that under severely tilted conditions, the correction algorithm can reduce the average
relative reading error by 60. 68%. The system runs at 9 FPS on mobile phones, with an average relative reading error
of only 1.76% in complex environments, outperforming existing advanced methods and demonstrating high
robustness.
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Fig.1 The general framework of the meter reading system
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Table 2 Contrast experiment

CRCRAG I 100 26 / 5 5 H A A6 0 190 46

e mAP@50 ZHE /M GFLOPs BERIR/N/M K 58 B/ ms
SSD-VGG16 0.999 8/0.966 1  26.28/26.29  62.7/62.7 90.6/92. 1 14.1/14.1
SSD-MobileNetV2 0.999 5/0. 950 4 6.20/6. 20 1.8/1.8 14.3/15. 8 14.7/13. 4
YOLOvV5s 0.995 0/0. 995 0 9.11/9.11 23.8/23.8 17.6/17.6 9.1/13.1
YOLOv7-tiny 0.997 3/0.995 1 6.01/6.01 13.0/13.0 12.0/12.1 9.7/15.6
YOLOv8n 0.995 0/0. 994 1 3.01/3.01 8.1/8.1 6.0/6.0 6.9/10. 4
YOLOv8n-GhostNetsV2 0.995 0/0. 994 7 2.23/2.24 6.8/6.8 4.8/4.8 6.4/11.2
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Fig. 11  Samples of meter images captured at different tilt angles
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Table 3 Comparison of reading errors at tilt

L R IE H T M SRR AT ERE
Fe PV T . R . e .
AR R 2% 27 W2 27 W
1.07 1.105 0.035 1. 090 0. 020 1. 084 0.014
1.39 1. 420 0. 030 0.413 0. 023 1.411 0.021
c 26.0 26. 67 0. 670 26. 41 0. 410 26. 35 0. 350
e 1. 23 1.153 0.077 1. 249 0.019 1. 247 0.017
f 1.07 1.058 0.012 1. 081 0.011 1.074 0. 004
g 23.2 23. 09 0.110 23.11 0. 090 23.29 0. 090
7L *4 FEAFTEREREMMNIREITL
ol A o ngé'm & Table 4 Comparison of errors when using different
§ \ o AXRERIE 6 . rectification methods
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Fig. 12 Comparison of reading errors ¢ when 0, changes
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Fig. 13 Comparison of reading errors § when 0, changes
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Table 5 Comparison of reading errors in harsh environments %
ks SRR Z2E o/ B iR ZE y
SCHk[4] CHk[12] SCHR[19] AL

A 2.14/0.57 3.15/0. 86 1. 65/0. 43 1.31/0.33
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