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Intelligent Recognition Method for Pointer-type Meter Reading Adapted to Low Image
Quality in Outdoor Environments
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Abstract: Due to the influence of lighting conditions on image acquisition by intelligent inspection meter devices in
outdoor settings, the quality of captured images is often low, making it difficult to accurately read the meter. To address
this issue, this paper introduces a method for outdoor inspection meter reading. The method comprises dial detection and
reading detection components. After dials are efficiently detected by using a trained feature detection model, the detected
candidate box images undergo preprocessing and binary image reconstruction based on contour detection. Subsequently,
the scale line detection and pointer detection are performed in the reconstructed binary image, followed by obtaining me-
ter readings using an angular method. Experimental verification demonstrates that the proposed method mitigates the
effects of image blurring, glare, sunlight shadows, and other factors affect the image quality in outdoor scenarios. The av-
erage false detection rate and average miss detection rate for dial targets under five common lighting conditions are
1.005% and 0.505%, respectively. The average time for single image detection is 28.1 ms with a reading detection accu-
racy of 93.91%. This method proves to be applicable and effective for accurate reading of pointer-type meters at
substations under complex lighting conditions.

Key words: meter reading identification; object detection; probabilistic Hough transform; contour detection; deep learn-

ing; pointer instrument
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Fig.1 Reading detection framework of pointer meter suitable for low imaging quality in outdoor scene
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15 F B 42 5 AR IR BE AR R o 1 T 22 -
SR AT E R BT
4.3.1 BARESEREREI T

ONIRUESRLVE & A F v e HEAT T A S,
SRIREE RN 3 Pos. MR 3 AT, SO AR A
ft) ECA £ JJ#liil. SPPFCSPC 4i#45 CARAFE
SRR T O TR Y B HE R T R B 2 A /MR R
Fto BRI LT YOLOVT BRI/ R % 5 ke
BT 0.51%, Ik EERFEFER i 7
8.2ms, ZREFETE AR RGN RE .

BEAh, ABSIESC SN B I HLHIE LA H A5
Rl b A Rk, AR 755 5 YOLOVT-SE.
YOLOV7-CBAM. YOLOV7-CA H brfaili A 47

R R EGREA E BAR G
Table 1  Specific Description of Meter Image Sample Library

RIES] pSEE e YIRS Hodi MINERE ST

KEp; G2 178 142 59

B 187 150 60

Lk 123 98 27

MR AR 103 82 14

B 6 752 602 40
Rt 1343 1074 200

T2 R RS MY LR 24

Table 2 Training parameters of dial feature efficient detection

model
24 wEHE ESEs
Epochs 300 S S5l REL
Batch size 8 IR A KL
Learning rate 0.01 S

R3HESE L

Table 3 Results of ablation experiment

CARAFE %8 el Tk
BB ECA  SPPFCSPC , AT B
BT %  F%  Kf/ms

YOLOV7 1515 1015 363
B A 1507 0508 302
iR 2 J 1015 1515 305
7 3 \ 1.010 1010  29.1

Y %1t J \ 1.005 0505  28.1
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SN ST, SR R A R LR 4.

B 4 T A 1D AHET YOLOVT £,
YOLOV7-SE B il Fi 3 ALHI 5N, IRk
Febm B R FRA, [ B RS 1~ 3 AR A — e D
HiRKE G ATt 2) MET YOLOvT %,
YOLOv7-CBAM HEALA ISP 3 #EI 38 0,  fEeia
ORI E AR E SR 3) K
T YOLOvV7 #i%, YOLOV7-CA #RIRK %N [,
A5 Z MR ZA Brie . 4) RSO T
YOLOV7-SE. YOLOv7-CBAM. YOLOvV7-CA 7,
EARFIFERT IR KT YOLOV7-SE #/d, (A A
HRIRKRER 5iRaR, FiRgEREHE, SChig
Inf) ECA Bidlen] LIS s A0 R AR AE SRR
REAE IR IR B8 70, TR B SRR B 38
7Tt

B, fE LRsEIGpFeat -, it —PRE
RS, KB YOLOvS., YOLOv7. Faster
R-CNN HHTXFHES2EG, W& S.

XPELER 5 A I, A SCNGRTE IR LR
AIE RO AR AE % T YOLOVS. YOLOV7. Faster
R-CNN ARG T AT RE » A SORAIAE iR AR R
Bk 2 AN abs BIRT BL BRI R, fESRA
For I RS T A B R H AR 2
432 BAREL R ST

AR SCBERIAE B A 50T RS DU 2R R =
Bl 13 fivs. v ORI B ROt N, T B
SOGRA G XIS AR ) BI5, (15154
For i SR A HMEBE RGO PRI, s MR i R I Y
EUE e 5eE ik .

GBI A [F]7 52 7 ATL ) R B ek B SR 1 [
14 Fros(E A B AT AR TBOCRR I 5R
El). 7t 14 7RI, HHECT SE. CBAM 5 CA
RN, A SCBRTE R B R AN E G
FE¥ e T H AN E AU SO BAS R, 750y
P s B BB X FEAG 8 T A A
SN B ML 1 5 IS N — e RS, 0K
W5 T ATEAS SO N REAE B R /IME L, did ToRs
Y R B (R B A B A BRI IE AL, T
4 UG SR JCRURFE, SEPUE SRR . PG
JE R AATI

DR B UF AR SCASE RS AR A5 T A R B A S s U
PERE, SCHREHT T S BREE RO R T R A
SeE, BRI s EILE 15(E A B

R4 AFEE IR S0 MR 45 R 0Tt
Table 4 Comparison of experimental test results of different

attention mechanism models

fi W% TKR% PR /ms
YOLOV7-SE 1.523 0.510 27.5
YOLOv7-CBAM 2.525 1.026 373
YOLOvV7-CA 1.015 2.010 36.8
AR 1.005 0.505 28.1

RS RIRHE ok A BRI 45 R
Table 5 Test results of efficient detection model for

dial features

A WA/ % TR % SFEFERT /ms
YOLOV5 2.020 1.020 413
YOLOV7? 1.515 1.015 36.3

Faster R-CNN 1.531 2.030 56.8
AR 1.005 0.505 28.1

(b) BRI

(c) BYERIRS (d) JeRE M5
Bl 13 SFe Ul AR M 25 2R
Fig.13  Test results of SFe¢ barometer
= 4
T

IFR_SF6 0.82° &

(a) YOLOV7-SE A& 3 5 (b) YOLOV7-CBAM #4 Il 2 4

FR_SF6 0.96'

(c) YOLOV7-CA #er il  R (d) ASSCRLRIAG IR
K14 EUR B S SRR N IR R A A A4 SR
Fig.14 Test results of dial detection of different attention

mechanism models in image reflective scene
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Fig.15 Test results of different model dials in the reflective
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Fig.16 Schematic diagram of reading detection effect
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Table 6 Reading recognition result

RT AFFEIEER T RREHRR S5 RS L

Table 7 Comparison of pointer recognition results of different

Bl SARAL JNEREE %% iR 2 algorithms in various scenarios
K 16(a) 0.663 0.661 0.002 s FREHR UL TR/ K
i YeRA B R S 245 55 EILIB
16(b) 0.645 0.641 0,004 AW PN BRSO RRER  EWE
Hough 5 11 29 14 38
& 16(c) 0.610 0.613 0.003
SAM 11 57 49 24 40
& 16(d) 0.608 0.606 0.002 e 12 56 56 25 40
& 16(e) 0.670 0.676 0.006

TEXT B S50 IR EUR £ bR e . AR
L SRS E R AR SRR 4 B R B &
HAREHALE, WA HFREHRIUER); SAM iR AE
SRR BIHARERCER, WY HAREHRBUER) . X
IR 199 5K BN R B2 R £ U 45 2R LR
7o b3 588 v 7R PR PR B U ) L AR R R X B P
SN 17, 18, 19 fis.

Bl 17(a) G e B MK R R 19 32 £
BUZ 0 B AR B San il 2 48 7~ = B (GRS 40
B AR ). A 17(0)F EHE e BIA IR A
R R A G SO A A K S R B FR EHRE
IR DL B bRy e s m & . nTRAWER 2],
TN, B REZw 2 HEEm, 4E
BB B BUR By R 1 TR A B, 1%
W P W 22T i 2 AR T R B il FRFAE, A
0 HH IR RA U R 15 2 o

K18 518 19, & 18(a). &l 19(a) il
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H e e HECERZEARiE. B 18(b). B 19(b)ll & 5T
SRR AT IR, nT AR, 18 R
RFERMOCI S, (EUE R4 fa e EUE i =
B, BB BILL B AR SO R REAR A th R HH 45
EHCER. T4 EE iR B G ERARE (i 19
FiR), BT ROCIE G HIEBOGEE, s EEG
HRFIERE 5510, SAM BERUANRE 2 E] H XL FREL
A ST 7 B T4 B A I/ (K B2 L 5 B2 S5 RRIE
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DL Ik, XFHAR R, AR EERE
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EAFE, RSO, St R, ATk
XHFREH A B PR A R E R, T2 P AN
s R R EUR iR BRI SRR K .

(b) CHIFETREHR IR
K17 B RAR AR BRI AL R b
Fig.17 Comparison of detection effect of Hough transform

pointer
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i

L

(b) SCRHREHRIGICR (TR B BRI & )

B 18 SAM BRI AT HE G R )
Fig.18 Comparison of SAM model pointer detection effects

(high pointer image quality)

5 ZEig
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Fig.19 Comparison of SAM model pointer detection

effects(low pointer image quality)
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