51 4 1773-1784 LN ZN Vol.51, No.4: 1773-1784
2025 %4 H30 H High Voltage Engineering April 30, 2025

DOI: 10.13336/1.1003-6520.hve.20250426

MeterReader++: E Tl 5iEE AREIIEER
'l'-l_]'/\l;’-ﬂ: &}_‘_Fﬁ

TER, B/, FLED, WFES BELR?
(1. FF RF O A TAAZFE, M 310027, 2. T XFEHHARE, =T 572025;
3. B W #rT g i H A IR 843 @Az o E), A 310027; 4. B K& WA RS, db7 100031)

7 . JREFRIHNER T BB OGEEAT %, a0 B B beAr I SSBE m e SRR SR S, AR
Iz A BRER AR S . 12 ORI LTS KRR SN BRSO R, 4@ —Fhd ] B4R S R R
FEZL: 1) NEBEEIRMBRI, M TR R RS2 BAHEE G B, 1T B 3hA4RE 20 000 2% LA F 1) 5% s
2) NFRRHERL “Z)u” MiE, {FH DeepSeek-R1 AU NFINENIREL, MR THE SORBAHR L HEE S 2, 7
B R 2 L RIE LY Qwen2.5-VL BE1K 10%; 3) 3Tz ibtE, WihEEF 1 SURMS LI EE 2 G P sk 5 >
PRACTT I, P LR 20 SR Ak T 2% 30 25 28 DX [] A 58 93 A 045040 (out-of-distribution data, OOD)iz 4k, 7E OOD
WA, ZCTRIRER ZE R 2%, SRR, 1ZSCTIRMEZEEE T R REN P S H R EN 1.2%,
FEATFE SRR AL F] 3.16%, ik QWen2.5-VL-72B 1 GPT4o 2525t KBA . ZSCHF 58 M6 IE = KA Y
TERE AL AL 0 BRAR AN HE BT AR S5 Tt S, $RAE T B S5,

KR fREFRIIRE MBS, REES); B BEES

MeterReader++: Pointer Meter Reading Framework and Applications Based on Visual Lan-
guage Large Model

WANG Changpeng', YAN Yunfeng!, QI Donglian'?, SHEN Xiaojun?, CHU Haidong*
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China; 2. Hainan Institute of Zhejiang University,
Sanya 572025, China; 3. Information and Communication Branch, State Grid Zhejiang Electric Power Company Limited, Hangzhou
310027, China; 4. State Grid Corporation of China, Beijing 100031, China)

Abstract: Pointer-type meter reading is a key task in industrial digitalization. Currently, pointer-type meter reading
mainly relies on traditional recognition algorithms such as target detection and key point positioning, which have bottle-
necks such as low generalization and strong data dependence. This paper simulates the human knowledge reading process
through a large visual language model and proposes a general pointer meter reading framework: (1) In order to break
through the bottleneck of data dependence, a multimodal data synthesis pipeline for reading in industrial scenarios is con-
structed, which can automatically generate more than 20,000 question-answer pairs; (2) In order to overcome the
bottleneck of “hallucination” of large models, DeepSeek-R1 is used to simulate human knowledge reading, decouple me-
ter semantic understanding and reading reasoning processes, and the average reference error is reduced by 10% compared
with the basic model Qwen2.5-VL; (3) In order to improve generalization, a tolerance adaptive reinforcement learning
optimization method based on generalized strategy optimization is designed to convert absolute accuracy constraints into
learnable tolerance intervals to enhance out-of-distribution data (OOD) generalization. In the OOD test, the reading error
of this method is reduced to 2%. Experiments show that the average reference error of the proposed framework in this
paper is 1.2% in the simulated industrial meter test set and 3.16% in the public real meter test set, outperforming the ad-
vanced large models such as QWen2.5-VL-72B and GPT4o. The result of this paper provides a reference for the
application of visual language large models in refined visual understanding and reasoning computing tasks.
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Fig.6  Visualization of normal meters and out-of-domain(OOD) meters
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Table 1 Experimental results of different algorithms on simu-

lated meter
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Fig.7 The execution sequence of modular meter reading

framework and common reading collapse cases
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Table 2 Experimental results of different algorithms on

the a—f datasets proposed by Howells et al

MeterReader++ Howells!”]
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R RI% UR RI%
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Fitb 0.016 100 0.070 100 0~60
Fitc 0.027 100 0.009 100 0~300
Fitd 0.061 97 0.043 43 60~430
it f 0.034 100 0.023 100 ~30~60

1 0.0316 99.4 0.0396 88.6
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Table 3 Experimental results of different algorithms on

manually collected out of domain dataset OOD
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Fig.8 The reading visualization of the modular meter reading framework and the end-to-end reading framework proposed

in this paper
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Table 4 Ablation experiments on simulated industrial meters

AR RS UR or RI%
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Table 5 Ablation experiments on out of domain meter

data (OOD)
OOD $4f H mh s 56 UR or RI%
(a)SFT (H 1) 0.536 1.612 90
(b)RL 0.085 0.114 100
(c)SFT (R1 iR 45 5 0.032 0.075 100
(d)SFT+RL 0.020 0.021 100
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functions in reinforcement learning
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