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Power Target Detection in Aerial Images Based on SSD Deep Neural Network
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Abstract: To improve the intelligent design of the rural power distribution network, this paper proposes to
identify the typical power targets that affect the design of the distribution network in the aerial images using
deep neural networks. Firstly, we use UAV to obtain high spatial resolution aerial images of the
distribution network planning area, and construct a data set containing 11 categories and 32 118 typical
power targets. Then, through the practical comparison of Fasterr RCNN, YOLO and single shot multibox
detector (SSD) methods, SSD is selected to detect and identify typical power targets. Finally, feasible
areas of distribution network pole planning are obtained. Experimental results show that compared with
Faster RCNN and YOLO, SSD can effectively detect and identify typical power targets such as the
substation, distribution room and box transformer, and the recognition accuracy reaches 68.5% , which
meets the practical requirements. The proposed method provides the technical support for the power

design, reduces the labor cost and improves the efficiency of distribution network design.
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SR :
(a) Xinfuling village (b) Beiyu village (c) Xingiao town (d) Liguan town
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Fig.3 Research areas in this paper
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Table 1 Annotation information about classical power targets

B LG

L H KRR /m FEEFER/m Ht el
1 380 V I AR 4% 2.5 1 8722 27.12
2 10 kV & #% 2.5 2 7 290 22.70
3 35 kV e LA b HL R 45 4 2k it 5.0 3 345 1.07
4 PR | PRI IO 9% 453 1 4R I 1.0 1 6749 21.01
5 75 F 9.0 5 50 0.16
6 i FRL 25 2.5 2 87 0.27
7 s 2.5 2 374 1.16
8 FE AR 4% 2.5 2 375 1.17
9 I AT 26 0.08
10 B o KA AN B 529 1.65
11 B AT 45 28 38 48 7 A A 1 1 7571 23.57
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Table 2 Numerical values of power target detection

Faster-RCNN 51 # 48 5 YOLO B A $5 5 SSD A8 b
5 I \ \ :

RLES EIEES MIRIES EIEES MRIES LS

1 380 V K LR £ 0.364 8 0.3118 0.458 9 0.429 3 0.5329 0.498 7
2 10 kV £k % 0.551 2 0.491 3 0.697 8 0.6756 0.748 2 0.6819
3 35kV KL HURARG K 0.852 4 0.803 5 0.784 2 0.756 9 0.683 9 0.672 6
4 LRI KA AL 0.3643 0.347 8 0.497 3 0.436 7 0.585 6 0.553 4
5 A HL 1.000 0 0.914 7 0.882 1 0.868 7 0.773 6 0.748 9
6 fic v = 0.714 1 0.649 8 0.697 0 0.637 2 0.7320 0.693 9
7 Fi % 0.549 0 0.472 6 0.7314 0.678 5 0.793 2 0.746 8
8 FE AR TR 4% 0.701 2 0.647 5 0.746 2 0.689 4 0.727 4 0.687 6
9 7] 0.3409 0.349 8 0.409 7 0.374 8 0.476 3 0.438 2
10 e PN 0.463 2 0.419 7 0.597 3 0.513 5 0.697 5 0.674 8
11 KT 45 A3 45 7 b 0.532 2 0.487 6 0.678 5 0.623 4 0.784 2 0.754 6
SEchiES 0.584 8 0.536 0 0.652 8 0.607 6 0.685 0 0.650 1
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(a) Results by SSD

4 3FPIR] 7 vk By 40 B AR A I 45 2R
Fig.4 Partial results of different three methods
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Table 3 Target detection accuracy with different training data

5 ZR 70% I 2k 805 Il 90 % YN &
1 380 V K LN £ 0.549 7 0.5329 0.570 7
2 10 kV £k i 0.728 5 0.748 2 0.742 7
3 35 KV K LA | H R S5 g 2k % 0.7275 0.683 9 0.7150
4 LI NGNS TR e 0.558 2 0.585 6 0.587 2
5 A% H, 0.7811 0.773 6 0.773 5
6 i HL 0.710 6 0.732 0 0.818 2
7 g 0.754 7 0.793 2 0.859 5
8 M7 A 0.6521 0.727 4 0.658 5
9 ] 0.3275 0.476 3 0.2823
10 N 0.737 1 0.697 5 0.750 2
11 KT 45 28 38 16 7R b Ak 0.770 9 0.784 2 0.797 8

4 T R 0.663 4 0.6850 0.686 9

— 7 T A AR T A A R NS B0 T F R s T RS R, R A s () R 22 S S B0 S 2L G ik
(7] o A 20 R 58 /I R 5 5 DR RS L, BT (2 JF A 00 ey 5 Ik o Bt )1 2 Bl sl 2>, SSID 48 7Y
£ - 253 A Ao 00 o B 5K T 80 V0 NI 2R Bl 40 45 21 A B A o i A (H AR SR 1 2 RNEE 228 A AR b SR LA .
1M 7026 55 900 Yl 2K dha 4 2 0 Y B R AE A AR % ) 35 HAR 60 3R Bl 25 . (e m D&ttt
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5,702 .80 %0 #1190 Y0 VI i 45 B i B A 7 F 4 28 F AR MMERS & L 22 /b . I, %5 JE 3] SSD At
B B AR RE , A SCIR SR 8000 BUAR TE KU BEAT BN 25 0 J34h , 3R 49853 T SSD LRI AE A [A] L 451
B b r A A 5 . N3 40T LU, 75 S (] )00 3 5 4l L ) A 0 o e 3 22 S /s o

x4 ARG EIRE T SSD BB B 48 il A 7
Table 4 Target detection accuracy of SSD with different test data

F5 2K 10%6 3t 15% it 20%% Wi
1 380 V K DL ki 0.5337 0.5336 0.5329
2 10 kV £ % 0.747 9 0.747 1 0.748 2
3 35 kV K LA I o R S 2R 2k 0.684 1 0.683 1 0.6839
4 HL AL LT R 4% A5 1 4R I 0.5857 0.587 5 0.5856
5 75 H, 0.773 2 0.772 7 0.773 6
6 i HHL 2 0.7319 0.734 4 0.732 0
7 FaAR 0.794 1 0.791 2 0.793 2
8 FE AR 2R 0.728 6 0.729 8 0.727 4
9 "5 0.476 8 0.4726 0.476 3
10 B 2 K 0.698 0 0.697 0 0.697 5
11 B AT 45 A8 38 4 7 A A 0.7829 0.783 4 0.784 2

S 34 A 2R 0.685 2 0.684 7 0.685 0

4.3 HEIITAER AT R X 5

Sy BT SR e ) bR L TG F O BB AL BT 55 TR A R R S, I SRR T LS SR i T H
X C R BT A2 IR, 455 BT R, 4 T B RO IC L R AT AT X B P 5Ca) O SR TET4R 1R 5 () AL
GHERS i F AR O 380 V R LUR Sl , B CORE AR 9 H AR 10 kV 4% 5 181 5(c) g 0 il 540, iR 2
AT B g AR o iR R T R A I 2 SR B RS AN 2 A B R H R R B X R R AT
DX, 255 # W) 43 FE AR B8 B SR AR RS R S 3 ) SRy AN T AT X, e 445 B T AT Xk, Bl 181 5 (c)
R R AR T X3 5 2 TR g A A 000 R 68 O+ g BETH TR 3t B R SR IR RS AL I B AT
A 4 v T R B A ARR

(a) Original image (b) Detection results of power target (c) Classification results in feasible regions
&5 rL oy H bR X AT AT X8 52

Fig.5 Influences of power target on the feasible regions
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IFFE T 3 T SSD T4 B2 1 22 19 2 A5 80 14y o 411 P 45 i 280 /L oy A A ARG 0 55 30U o SR B AL L 4R
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