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Detection and recognition method for pointer-type
meter in transformer substation

Xing Haoqiang,Du Zhiqi,Su Bo
( China North Vehicle Research Institute , Beijing 100072, China)

Abstract: There are a large number of analogy meters due to complex electromagnetic environment in transformer substation and these
meters need manual reading, which makes it difficult to automated manage transformer substation. Currently, most meter automatic
reading methods rely on pre-acquired high quality image, in which meter targets are big in size and locate in the middle and surface of
meter is parallel with the camera. This needs lots of prior meter measurement and camera calibration, which fails to meet the
requirements of actual use in transformer substation. In order to solve the problem mentioned, this paper presents a complete meter
detection and recognition method. First, meter location within current visual field is obtained through a convolutional neural network
model. Then the difference between target center location and camera visual field center location, as well as size percentage of target, are
calculated. Camera state, including camera location and camera scaling factor, is adjusted according to the calculation result. After
that, high quality image of meter target is acquired through perspective transform, which eliminates the image distortion caused by non-
parallelism between meter and camera. Finally, locations of dial and pointer of the meter are obtained by conducting Hough Transform to
the meter image, and meter reading is achieved. Results of actual experiments with transformer substation indicate that, maximum of
reading error is as low as 1.82% . The proposed method can obtain accurate and stable performance with multiple kinds of meters in
complicated background, which meets the demand of practical application in transformer substation.
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Fig.1 Typical environment of transformer substation
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Fig.2 Work flow chart of meter detection and recognition
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Fig.3  Denotation of convolution operation

Ml 2 T SR AP A A P £ 20 i, i 2 X 45 4 35
T FOZRAR 1 JR0ES | AVERE PR 2t it A5 3 i 11

x; = f(b + w; - down(x")) (2)
K b AL Z IR B, o) %I AL )2 B RUE,
down( = ) T SRBEREL, % WL T SRR A R R
RERT- IR . SR R RE BN B AL A% N T A TC 2
B AL SRR 55 R, - 4% {1 SR R B 8 50 AL A% N
HICE T B L E R R B 45 5L, I b Ak A% 4 i Ny
2 x2, [/ 4 FR R s R SR

K4 bz s EE

Fig.4 Denotation of pooling operation
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Fig.5  Denotation of fully connection operation
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Fig.6  Structure of meter detection network
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Table 1 Parameters of convolutional layers in

feature extraction part

; SR (BT , SR (BB
R4 AN =0 o
ReF 5450 JGHSA%0
Convl 3 x3,64 Convb 3x3,512
Conv2 3x3,128 Conv7 3 x3,256
Conv3 3 x3,256 Conv8 3x3,128
Conv4 3 x3,512 Conv9 3x3,64
Conv5 3x3,512
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Table 2 Combination rules of convolutional layers
b5 L)

Conv3 + Conv5

b5 R4 PR
Combined_Conv4

Combined_Conv5 Conv4 + Convb

Combined_Conv6 Conv5 + Conv7
Combined_Conv7 Conv6 + Conv8
Combined_Conv8 Conv7 + Conv9

Combined_Conv9 Conv8 + Conv9
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Fig.7 Flowchart of localization of meter target
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Fig.8 Perspective transform of meter dial
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Fig.9  Automatic inspection platform for test
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Table 3 Test results of meter target detection module

BIFE EAG B LA e VY e v

LI TT S T ST S %
0.01 1500 54 0 3.6 0
0.03 1500 13 0 0.87 0
0.05 1 500 6 0 0.4 0
0.07 1 500 3 0 0.2 0
0.1 1500 3 0 0.2 0
0.2 1492 0 8 0 0.53
0.3 1 486 0 14 0 0.93
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Fig. 10 Some results of meter target detection
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Fig. 11 Illustration of meter target localization process
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Fig. 12 Test results of meter target localization
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Fig. 13 Test results of meter image distortion revision
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Fig. 14  Test results of reading recognition
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Table 4 Reading recognition results of 20 tests

IR PR (E R AR 22/ %
1 1.993 2.03 1.822 66
2 7.111 7.21 1.373 093
3 1.549 1.54 0.584 416
4 0.461 0.46 0.217 391
5 10.267 10.3 0.320 388
6 5.133 5.1 0.647 059
7 22.102 22 0.463 636
8 0.167 0.17 1.764 706
9 2.668 2.7 1.185 185
10 10. 429 10. 44 0.105 364
11 8.148 8.14 0.098 28
12 0.352 0.35 0.571 429
13 5.409 5.4 0.166 667
14 2.556 2.6 1.692 308
15 13.137 13.14 0.022 831
16 3.132 3.13 0.063 898
17 9.971 9.95 0.211 055
18 2.588 2.6 0.461 538
19 0.839 0.84 0.119 048
20 1.151 1.15 0.086 957
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