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Fig.1 Extraction results of connected regions
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Table 1 Definition of regional morphological features
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Protection platen status recognition based on image processing and morphological

feature analysis for smart substation
FU Wenlong'*, TAN Jiawen'?, WU Xichun’ ,CHEN Tie'* ,HU Wenbin'>,ZHONG Hao'"*
(1. College of Electrical Engineering & New Energy, China Three Gorges University, Yichang 443002, China;
2. Hubei Key Laboratory of Cascaded Hydropower Stations Operation & Control, China Three Gorges University,

Yichang 443002, China;3. Yichang Power Supply Company,State Grid Hubei Electric Power Co.,Ltd., Yichang 443000, China)
Abstract;In order to solve the problem that secondary protection platen in substations is still mainly read and
checked manually, which has the risk of misoperation and restricts the improvement of intelligent level, a novel re-
cognition method of protection platen based on image processing and morphological feature analysis for smart substa-
tion is proposed. In this method, the cabinet image collected by mobile terminal is first processed and converted into
a binary image containing valid platen regions and background interference regions. Then extraction of connected re-
gions is achieved through eight-connection pattern and the morphological features of all regions are analyzed,accor-
ding to which the valid platen regions are extracted. Finally,the platen’ s on/off state is determined based on the di-
rection angle of the valid platen region respectively. Meanwhile, the order of valid platens on the cabinet is deter-
mined according to the center of gravity in each region,thus the identification sequence indicating the on/off state of
the platens on the cabinet is obtained. The results of different collected image scenes and resolutions show that the
proposed method possesses better applicability.

Key words: smart substations ; protection platen ;image processing;binary image ; morphological feature analysis;on/
off state
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Fig.Al1 Image processing results of effective plates within collected image, in Scene 1
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Table A1 Morphological features of effective plate regions, in Scene 1

XEHE  VaedBF  Xia/BE Yea/BE Aol BE Annad 3%

40 20429 86.0 279.0 318.1 85.4
51 19230 78.0 275.0 314.5 81.2
208 21147 250.0 244.0 3225 87.2
239 19361 81.0 274.0 3125 82.0
391 20195 79.0 276.0 316.4 85.1
392 20267 84.0 275.0 3129 86.0
511 20682 82.0 277.0 318.4 86.4
619 20620 81.0 278.0 318.0 86.2
818 18479 243.0 239.0 3222 80.5
850 21210 81.0 279.0 3189 88.3
852 21231 81.0 277.0 314.5 89.7
926 18778 244.0 239.0 323.9 81.6
958 21767 86.0 283.0 320.0 90.8
967 19526 75.0 274.0 312.8 83.2
969 20263 75.0 279.0 317.9 84.5
1069 17935 235.0 228.0 308.8 78.8
1117 19010 75.0 271.0 307.1 819
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Table A2 Direction angle and core of effective plates, in Scene 1

[X 35k Vangiel () Viate  Xeorel B Yeore 53

40 -87.2 1 617.9 538.5

51 -88.6 1 637.5 1065.1
208 -43.8 0 1034.5 530.7

239 -87.5 1 1048.5 1060.2
391 -88.8 1 1464.6 1050.3
392 -88.0 1 1478.2 1572.3
511 -88.4 1 1881.6 1040.7
619 -88.5 1 2297.9 1039.4
818 -44.0 0 3130.2 496.4

850 -89.6 1 3127.0 1029.7
852 -89.5 1 3133.2 2567.3
926 -44.4 0 3546.1 491.7

958 89.7 1 3540.3 2560.1
967 -89.6 1 3543.9 1541.1
969 90.0 1 3545.0 1019.0
1069 -43.3 0 3942.2 2553.2

1117 -89.2 1 3959.0 1012.9




o 11
(d) FLiRITEE R A

(e) M X IFR IS RIE

B A2 7% 2 PREEROBHUEREIRLEER

Fig.A2 Image processing results of effective plates within the collected image, in Scene 2
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TableA3 Morphological features of effective plate regions, in Scene 2

X S 5 Vareo 55 Kl 55 Yuian/ 35 Amjor B 5% Arino 155

51 18281 84.0 264.0 301.6 80.7
54 17636 76.0 265.0 303.0 773
201 18740 236.0 230.0 304.3 81.8
261 17732 81.0 264.0 301.2 78.0
582 18514 78.0 266.0 305.2 81.0
595 18483 83.0 265.0 301.1 81.6
909 18946 80.0 268.0 306.8 82.2
1181 18870 80.0 268.0 306.3 82.0
1643 17148 228.0 220.0 296.1 77.8
1714 19420 78.0 270.0 307.4 83.9
1743 19279 80.0 266.0 302.8 84.6
1922 16916 222.0 224.0 294.4 77.0
2017 18528 74.0 269.0 360.1 80.2
2022 17826 74.0 264.0 301.4 78.8
2030 19836 82.0 274.0 308.2 85.9
2252 16434 227.0 219.0 295.6 75.5
2324 17482 74.0 261.0 296.0 78.1

R MR 2 FRYERNAEARSED

TableA4 Direction angle and core of effective plates, in Scene 2

KBS Vagel ) Ve  XeoBE Yoo BE

51 -86.7 1 665.6 750.9
54 -88.0 1 678.8 1276.3
201 -44.1 0 1059.0 746.1
261 -86.9 1 1069.6 1267.0
582 -88.2 1 1465.1 1252.9
595 -87.4 1 1483.9 1755.3
909 -87.8 1 1861.5 1239.0
1181 -87.9 1 2257.4 1233.1
1643 -44.2 0 3019.3 702.3
1714 -89.0 1 3045.5 1214.7
1743 -88.9 1 3068.7 2695.4
1922 -44.8 0 3404.1 698.6
2017 -89.4 1 3442.9 1199.9
2022 -88.9 1 3447.7 1702.7
2030 -89.6 1 3455.8 2684.0
2252 -43.0 0 3837.9 2673.0

2324 -88.5 1 3836.6 1189.3
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Fig.B1 Image processing results of the effective plates within the collected image, in Case 2
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Table B1 Morphological features of effective plate regions, in Case 2

XSS VaedlBH XeadBE Yea/BEH  AwelBEH Annel B

1 2437 28.0 95.0 105.2 30.7

2 1593 28.0 76.0 83.7 25.0

4 3005 82.0 86.0 110.4 358

6 1736 28.0 76.0 83.6 27.7
15 2675 30.0 99.0 109.2 326
20 1694 26.0 76.0 87.2 26.1
23 2363 76.0 74.0 99.6 321
29 3427 78.0 104.0 118.1 41.2
30 2684 35.0 96.0 102.3 34.5
35 2519 74.0 74.0 89.3 38.1
36 1557 30.0 76.0 85.3 244
40 943 44.0 49.0 66.0 18.9
41 1219 52.0 62.0 81.0 19.9
42 1091 24.0 74.0 82.4 17.7
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TableB2 Direction angle and core of effective plates, in Case 2

DI S  Vangel (7D Vsate Xeorel 53 Yeoro 1358
1 89.1 1 205.0 435.0
2 83.0 1 227.8 115.5
4 -47.1 0 340.7 434.7
6 87.2 1 355.7 114.9

15 89.6 1 480.0 436.7
20 -90.0 1 485.4 118.8
23 -44.5 0 611.5 1233
29 -52.6 0 988.7 604.5
30 -88.5 1 978.9 446.6
35 -51.2 0 1078.8 449.9
36 -82.1 1 1068.9 304.6
40 -50.1 0 1142.6 184.8
41 -51.2 0 1170.6 449.2

42 -82.9 1 1158.9 313.8
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