537 B 3 BHARZEEERER Vol. 37 No. 3
2022 4 5 A JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY May 2022

ET R = ERENAI B 71 7]
ZHRSIRA T IE

BLoARLVE O RPLER F,E U, R4

CL. v [ R 5 HL A PR AT 2 ) o T i HL 2 W0 P 7 M TR T P BT 5300285 2. AR HE R RER L (S D £y
AR EL P HS 61000053, HERg BT A2/ 32 Be . )78 T M 510641)

W E:ANTIWEENREEARABRE. RESHN T MREAAFTEATZRMIN, FLHTF ST =H
B IR R I . B G R A R = 4k T I AR e e R B B T R (0 s B T B O RORRALE
SRJE I B9 J7 1] B 7 T B R A T AR B8 vk 6 T R 1 S0 3 R R A5 2 A s TR 0 R AIE 1 3R A, O AR IR 45 o 4R
TEL AR R A A0 AR A L AT 0 9 B DG T 3 2 LA 4K 30 37 5 R E AR 9 (8 1 25 S T 22 [T 0 %o o O R 5 Lo, (i T R R B
5 R oy 4 TP R T L R 25 L T Al T T IR B0 dh = 4 224 s i e A TH Y B SR T BE HLAE AR — Eoh: RO Bk 30 e SR
PR IREA, B U A H R R AN RAS T E5 R SIS R R B % O VR A RE LB R I B 4= R g s
B 71 IR T H A MER AT AR SRR BER .

X B IIMN =R ES IR B RRAE B ER

DOI1:10. 19781/j. issn. 1673-9140. 2022. 03. 023 FE4SES  TMS63 XEHS:1673-9140(2022)03-0190-09

Research on 3D state recognition method of power switch based on

point cloud feature extraction

LTAO Hua', ZHOU Qing*, CAI Yu', YUAN Weiyi', CHEN Yanhua®

(1. Nanning Monitoring Center of EHV Transmission Company, China Southern Power Grid Co. , Ltd. , Nanning 530028 ,China;
2. Huayan Intelligent Technology (Group) Co. ,» Ltd. , Chengdu 610000, China; 3. South China

University of Technology, Guangzhou 510641, China)

Abstract: The power switch is a basic component of the power system. The switch status during system operation and
maintenance often needs to be manually confirmed for multiple times. Under the background, a new method for rec-
ognizing the state of the knife switch is proposed. Firstly, the input 3D knife gate image is converted into color point
cloud data, and the scene features are extracted from the color point cloud data. Then, the existing direction histo-
gram color feature description algorithm is employed to construct the recognition feature of descriptor based on the lo-
cal texture and shape information. With the given extracted feature descriptors, a two-stage matching process is per-
formed to find the correspondence between the scene and the color point cloud model of the target. Secondly, the

Hough voting algorithm is utilized to filter the matching errors in the corresponding set and estimate the initial three-
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dimensional posture of the knife gate. Finally, in the pose estimation stage, the random sample consistency and hy-

pothesis verification algorithms are used to improve the initial pose and filter out bad estimation results with incorrect

assumptions. The experimental results show that the method can successfully identify the switch parts in complex

power scenes, and can accurately estimate the three-dimensional posture information of the target.

Key words: power switch;3D image recognition;feature extraction
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Figure 1 System structure of the proposed method
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Figure 2 CSHOT feature descriptor diagram
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Figure 5 Pose estimation model and robotic arm
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Figure 6 Target recognition experiment results
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Figure 7 Pose assessment experiment results
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Table 1 Comparison of pose estimation results
bR %A RENEAN

ik - 5 - ) )

¢ t t re r r t ‘) I ) r re
& 7Ca) 5 0 55 10 —10 —10 4. 648 0.313 54.701 12. 849 —6.411 —9. 868
& 7(b) 5 ) 60 15 0 —30 3. 449 —5.996 59. 160 14. 677 7.293 —34.556
B 7¢c) —5 ) 60 ) 15 —15 —5.821 3.082 60. 303 —4. 827 14.265 —12.258
[ 7(d) 10 10 70 —15 —10 30 9.941 10. 171 71.268 —12.646 —8.534 23.301
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Table 2 Error of pose estimation results
R 22
VIRES
el el el e el e

[ 7¢a)  0.352 0.313 0.299 2. 849 3.589 0.132
7(b) 1.551 0.996 0. 840 0.323 7.293 4,556
B 7¢e) 0.821 1.918 0.303 0.173 0.735 2.742
B 7¢(d  0.059 0.171 1. 268 2.354 1. 466 6.699

F1y 0.695 0. 849 0.677 1.424 3.271 3.532
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4 000 A5 AT, A BRI [R N 2. 16 s BE ] 3. 49
so BEAN AR A5 VT FC B B 5 22 11 b 2 B[] 05 KL
SR YRR R H AR KB ik — S5 R g T TR Y
FRFFUCEL i M, BT k-d WY NNS 7
TR R B L 1% T B BE D Ty 92 22 [ ) A R EF U A
mE 4 Fiw, HRAEANEUNT 1000 B L% 07 0]
DIME k-d B J5 15 1 B K 1 3R £F DT C B ) 6 20 2
33.3% . JFHHRHAEBORT 4 000 B 3% 05 2 &
W T k-d R J7 A R AT R IC B R 7 4 ] s
45.2% . Bk, R AE S B P B it BT R Oy
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Table 3 Processing time of the proposed method S
4t 3 ) ‘
LERNRA —— S ]
Y ordE FRERE RORARFIUE EREE  RANSACHE  RIREIE
1 000 0.185 0. 358 0.863 0. 641 0.052 0.062 2.161
3 000 0. 201 0.524 1. 857 0.625 0.190 0.093 3.490

T4 TR BT E A k-d B kA A ] 3T

Table 4 Comparison of processing time between the

proposed method and the k-d tree method S
RFE &L k-d #4 5 FRHE 5 B AR/ %
<1 000 1.2 0.8 —33.3
=>4 000 6.2 3.4 —45.2
5 4Z5iE
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W LTI AR AE 15 B0 (0 U B AR 25 4 A R S B T
=4 HARRIN 50, SR A R R W] % A
REf% 78 52 2% 09 IR 58 v )l o R 0 o E A Tl L BE A5
PROEUEO A LA TSR . 3 ANl Y T RS e R Ak
FHRZDM/NT 2.0 cm F05.0°, KL, 52545
B UE T %07 R R RE
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