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Abstract: The requirement of algorithms for prior knowledge is inconvenient. To solve this problem, an auto-detection and auto-
recognition method is proposed, which needs no prior knowledge. To detect the dial area, a rough detection algorithm is designed based
on an ellipse detection algorithm and non-maximum suppression to detect possible areas of the meter. Then, a line segment detector is
enhanced by designing the preprocessing and the method of obtaining gradient values and level-line angles. And a centripetal angle
constraint is added to the detector when seed points are selected to detect centripetal lines to filter the right area of the meter based on the
number of centripetal lines. In the method of recognizing meters, an ellipse fitting method in which points are randomly selected from
several sectors is proposed to fit inner ends of centripetal lines to identify scale lines. The segment fusion conditions are set to detect the
pointer. The method based on maximally stable external regions is used to detect regions of interesting (ROIs). After identifying ROIs,
neighborhood ROIs are connected to combine scale values, which are linked to their nearest main scale lines’ angles. Finally, the reading
of the meter is obtained according to the angle of the pointer and the relation between values and angles. Experiments show that the total
running time of the algorithm is 0. 63 s, and the probability of error in one scale and in two scales are 80% and 96. 7% , which can meet
the actual requirement.
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Fig.1 Circular pointer meters
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Fig.2 Meters in the factory in camera field of view
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Fig.3 Diagram of auto-detection and auto-interpretation
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Fig.4 Detection of possible areas of the dial of the meter
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Fig.5 Gradient direction templates
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Fig.15 Comparison of algorithms to detect centripetal lines
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Table 2 Average execution time of Line detection

algorithm on centripetal lines ms
Koy BR e 18D ki
IEE2 7Rl DEREAG I
B AR fE] 175.3 21.4 89.8 15.2

H T HAB ST , X2 iy T AL BT R BE 5 K
S BET R TR B I N TR YRR . AR 2 A
R ARSCE s 47 I A b T sl ih LSD B3k, H AT

o R

iginalimage

() A

— e L Haa A s ) B 6 Y EDlines 3535 3R K
AR AR A DX sl A AR 2B R i FH 1) 0 249 RO 34 8 36 A0, A
KUy TR
4.2 FREXFKMEENR

R T A b B IR, anel 16 (b) o, I 430 H
P M2 ORB (oriented fast and rotated brief) 454 G
Fig' KAZE FFAEDC S FIAR SCRT 4 th A 3 T 3 4 LA
FRAE A% T BREE 14 3 3k DXCBRE A7 4G ) ( ARp fiE i DT
BC AR AR H AR AE A Eie — 150k 200) , I 16 (¢) Fir
7, XL BB E TR [ AN 2R 3 B .

(b) Ellipse detection



5 2 1]

O JURRARRI DGR A SN ARk 213

BERS ons
Neural network

—

—

ETREUAHFE
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Fig.16  Comparison of detection algorithms of dial areas
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Table 3 Average execution time of ellipse

detection algorithm ms
RET R
RS U ORB KAZE
B - JUTHE
B AR ] 179.4 65.6 630.7 44.1

PP 16. (b )l DL, G 00 £ A9 30 o 4 o b 0 45 52 o o
ORI o R 16 (e ) TT UL, 4 A5 vk A RE HE A A DI 1) 2
A DI, AR SO IS D) DX 5 e 48, LR IR A T A
SCH AN SR B A B AOMG B, 75 3 b7 ik T ek
T AN T 50 24 258 DX, 7 1 2 A o) i 2 B —
WA Ho o1 3 Al L, AR SCRAE AN 2R A5 T
PR (R R 25 Ik RRAE B i 45 ) B s 00 T, A

JEIR BT HABSE
4.3 WEBIESEZMR

Il R/ ek (RANSAC+ iR/ 3R ik (B A
B /N AL FNAS LT B G ) 73 P DX B8 00 B0 0 TR
T2 B A S s EA T, AN AT 17 B s AR
SRR E R , A SCEFR IR A 20 RN AR
RZEME LR

F P 17 07 D B DA I8 4605 58 0 T X 1) o 26
Bty A s g 400 b IR SR e PR 2R X IR O R/
e Tk BB AR B /N IR A AT T B AT S SR R L T
RANSAC+a/) 3k B9 IR B T7 ik A A7 B A i 251K
(BT R 429 DAy Joi P ) D36 25 23 A 8 PP T & JBL5 ROR AN
AR AT RE, B L 20 Yk v mT RE B A 28 B S
4R

(a) )L ZR B 3 £

(a) Inner points of centripetal lines

B/ Tk

Least square method

rANSAC O gﬁgﬁd‘:éﬁﬂi

Total least square

20 B DG (B AL A Bk

Randomly selecting points by sector

(b) HEEHLA
(b) Ellipse fitting

P17 P s R B DS BT R

Fig.17 Comparison of ellipse fitting algorithms of inner ends
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Table 4 Average angle errors of pointer
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Table 5 Average execution time of pointer

detection algorithms (°)
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o ks oaw oo B BURR
e gt LB
1 0.8° 1. 4° 0.4° 1.1° 0. 6°
2 1.5° 2.2° 0. 8° 1.2° 1.1°
3 1.3° 1.7° 0.7° 1.4° 0.9°
4 0.9° 1.5° 0.5° 1.3° 0. 6°
5 0. 8° 1.3° 0. 4° 0. 8° 0.5°
6 1.4° 1.8° 0.7° 1.2° 0.9°
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Fig.19 Detection and recognition of scale values
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