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Abstract: To detect and locate the corona discharge of insulators quickly in unmanned aerial vehicle
(UAV) power line inspection, a corona detection and location method for power lines in a UAV’s
track was investigated. First, the corona discharge power detection model was analyzed and
established, and a formula for ultraviolet radiation power from a discharge source was obtained.
Then, a corona detection device with high sensitivity was designed, and a positioning method for
finding insulator defects in a UAV’s track was developed. This method was used to detect the power
line tower from two different angles. By comparing the two detection results, the position of the
defective insulator could be determined. Finally, a method for electro spark and ultraviolet (UV)

light-emitting diode (LED) detection based on location was designed. The results show that the
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detector can accurately detect the ultraviolet power produced by a spark. Influenced by the loss of UV

light in the air, the measured value decreases with the increase of distance, and the relative error is

within 11. 5% at dillerent distances. In the UV LED detection experiment, the measured values are

more accurate when the detection angles are selected as 0° and 15°. In general, the method is accurate

and effective in the detection of weak corona discharge, and it can meet the positioning requirements

for defective power line insulators in a UAV’s track.
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Fig. 2 Block diagram of corona detection system
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Fig.3 Sketch map of UAV patrol power line
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Fig. 4 Geometric sketch map of UAV fixed-point detection

B3 A B R RO RO L T OB A BR
HRG T B G e L BRI E . T R
B K TC ML B AR iy bR i A bR Ak TG
ANPLBAFENLE Pi(xs yis ) PoCans vy 20,
BRI 1 1,2,3 HARSZ I BE 2520 hy 1 SR AR
F3C0, 0, H) .2 pi B A0, 0. H+h) .3 Ak AR
HC0, 0, H+2h), AT DITFE W P H AR 1
MR d = Vai+tyi+(zx—H*, A P,
FIHFRR 2.3 BIIEES doodys P BIEFRA1.2.3
MIERS d) . dl.dl,

el 1 Hbs i 48 2% ¥ B Ba L, 72 Py aRA 3
WD) RMEEE d AKX GHEDR 1 HAr S R
GHH B ANDETHR PR P SRS B AR SR
BN Poy o AT UCHE S 45 R SRR 323, Ul
[ — SR S R 2R T E AR 1 AR

Y 25T 5 AR E A, T 2.3 B AR
SYBUEEAOE AR, AR — AR S P 3R AH
WRAE AT AT A 2 H AR s Ak B9 268 2% 1R B

4 FHRARERHH

4.1 %40 LED i SLI6

R AU AT b B o A S A T R R SR
K UVTOP270 F%1 LED #5540 f 2 i a5 U8
LED i {8 3 K 4 270 nm. % @& & 5 2h F 2
0.8 mW, il i £l LED TAEH I, & & il =
T [ i B 49 55 I o RS R0 28 119 £ B2 L 4331 I
6=0°,15°, 30 Fl A5 K MG & Dy 2, DL LA
AR A R7154 &Y, 1w B % 4 -7 160~320 nm , 1A
MU R 50 mA/ W, B 25 107, B AL R
1.5 em’,

AN TR R A LN 28 AT 2 S A o il 7
AL R4 R EE KRBT
TR HG AR L R RO . SCRR(13 AR R
WIS KRR 5 225 IR 28 A1 Mie SO Y5200
T RS T Rayleigh (ST E ESEH. BT
VIS S R 22 LG A B R R R kAT, B
MRS T .2SME T R 32 COgER 30%. %
ARG KA BB k. =0.9X10 *m ', KAHE
SR E=0.18X10 "m U, SRR EE
SC g MRl I R A T R S S B0 R B )
RAH Z 22 B0 o5 10 40 Bb L % 25 AE VE R 1R B0 HS
R R AR

Bl 5 ) G AR N 17 mA B, A5 I
W E S REEE SIS AAERNCR, 4 Fp
AN TR) 9 2 25 K G TR & 1 8 2106, 07 R 15° )
S ROIE RO AT . AT S N R AR AR AR OK L 32 F
e AR A R I e A R R (R ) 5 2
)5 5 30 3457 348 A P L 340 49 0 /)N T {1 =2 i) A
fe sk #i/h . R 5(h) J2 I 0y A% 2%, I g
WER 22 AL A 25 m IR 225K B4 KL IF H AR TR
FE R 0 15° A I e 3% 25 {E ARG 55 /)N

K 6 2GR Hr i LA 13 mA B A% 0 25
REIRRE L E 6(a) T RS SR 5
{EL R S AR ARL AN ] 14 2 2 AH [ B B 43 200 W 1
AN T 6 Ch) i Ty S gl 24 2 B R B % B KT B
KA 12 m BF U AR XS A . T 7 SR X A
TN 9 mA G TRER I A 25 SR TR AR 24 L 8 7 (a)



2

BEOR & A O LTI o v g 2k v 2 50 SR 5 5 for 313

r I L B R A Rk #)N L 0°F 15°

A B (B AT 5 I/ 7(b) HF 15 m Ab

e
n

i8] L
L =

Voltage amplitude/v
= i
Lh L=

=]

=
n

= 5
=)

8 10 12 14 16 18 20 22 24 26
Distance/m

Ca) 0 o, S 5 B8 P 1Y G R

(a)Relationship of voltage with distance and angle

5 bR HHE TN 17 mA BRI

A AR o I ek (R AF 6T E B L 1 H 0% 15
HiREM IERUR BRI

° A I R 2

5B,

[y
[ il

Optical power error/%

b W o h O 1 00D

oo

10 12 14 16 18 20 22 24 26
Distance/m
(b) £ ViR 22
(b) Measuring power error
R G RGRE

Fig.5 Detection result and power error with output current of light source of 17 mA
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Fig. 6 Detection result and power error with output current of light source of 13 mA
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AR LA L 088 70 A6 A R 7 B e IR A7
TR, A6 A7 R 22 T 1Rl P9 R 80 HE 333 1 IR
Jt i H A S A R AR R R £ O 157 IR N A
KA . AR R A G R R B RSN AR
S5t ot B G R T L K AE RS S LED B8 5 ) 5 B2 iz
FH I 2RI T7 vk REAE A7 00 (37 Y SR B 4 2% 1.

2k

-a

5

7

ARSCHETE T e e D R AR L Bt T

SE Wk

[1] MENENDEZ O A, PEREZ M. CHEEIN F A A.

Vision based inspection of transmission lines using
IEEE International
Conference on Multisensor Fusion and Integration
for Intelligent Systems. IEEE. 2017.412-417.
ke, 4, EEAR, F. LT LANL I
M B R O SRR BB TR R [T, & e
JEH A, 2014, 40(8):2292-2298.

PENG X Y, ZHONG Q, RAO ZH Q, et al.. In-

telligent diagnosis technology for corona discharge

unmanned aerial vehicles[ C].

(2]

defects of transmission lines based on ultraviolet de-
tection of UAV []J]. High Voltage Technology,

— Bl BAT S RAOUE A A RN A PR T R A
HLAE AT IS A 67 R B 268 25 5 19 07 9% IR R | KA
RSN LED Ry LR BEAT I . SCeai R R L d
RN B A BEAE 52 5 A O IR BRI L 5 A3 1 ke
PR &5 19 #71 5E FV RS, ) LA vRE Al ARG DU Y ' YR A S
B D 3 I ELAR DN AR R B4 O° R 15° I ) A (BB
NHER . A LED SCH PR 2278 14. 30 LN,
LK AESE S TP AR DR 22 7E 11, 520 Z N ik T 3%
e b 28 2 1 o 5 1 A S

2014, 40(8): 2292-2298. (in Chinese)

FPAR A, BB 5 HD I A S FLnE B P O 12
W5 [D]. &% . ERXF, 2016.

ZHONG ] L.
Detection and Intensity Evaluation Method of E-

(3]
Research on Ultraviolet Discharge

lectrical Equipment [ D]. Chongqing: Chongqing
University, 2016. (in Chinese)

ElE, TFix., Fue, . BN ICCD ML
FEUGME R T S AL [T b 45 % T4, 2006,
14(4) :709-713.

YAN F, YUZ]J, YU X, et al.. Analysis and pro-
cessing of image noise of corona detection ultraviolet
ICCD camera [ J]. Opt. Precision Eng. , 2006, 14
(4): 709-713. (in Chinese)

(5] R&. HETHHEERSEHEANB LK RS

[4]



CE

LK TR S5 TE AL I T g 2 r 5 SR S E 315

L6]

L7]

(8]

9]

L10]

[11]

RRIH S S [(D]. ®% . & F A3 k%, 2011
SONG B. Design and Implementation of Power
Line Inspection System Based on Geographic In-
formation System Technology [ D]. Xi’an: XIDI-
AN University, 2011. (in Chinese)

R, FaFE, R BERNRBELIGA
WP LR [J]. LB A, 2004, 26(5) :467-473.
ZHANG Y CH, LIANG Z Z, TAN M. A survey of
research on overhead power line patrol robots [ J].
Robotics, 2004, 26(5): 467-473. (in Chinese)
LUQUE-VEGA 1. F, CASTILLO-TOLEDO B,
LOUKIANOV A. et al.. Power line inspection via
an unmanned aerial system based on the quadrotor
helicopter [ C .
Conference. 1IEEE, 2014.:393-397.

Hrla, Kk, peER, F. EFEAIZ LIRS
BIEREMNB AL LB R ELE (1. &
W EH K, 2015, 41(1):159-166.

PENG X Y, CHEN CH, RAOZH Q. etal.. Pow-

er line safety inspection and intelligent diagnosis

Mediterranean Electrotechnical

based on multi-sensor data acquisition of unmanned
aerial vehicles [J]. High Voltage Engineering,
2015, 41(1): 159-166. (in Chinese)

kP, T, Falk, F. S IREBEENOL
RGN [1]. 2% #HE T4, 2011, 19(6):
1228-1234.

LIU J ZH. WANG X J. HUANG ] B. et al.. De-
sign of three-band corona detection optical system
[J1. Opt. Precision Eng., 2011, 19 (6): 1228-
1234. (in Chinese)

Foe, ik, BF, F. BERMNRESL T JPEG #
EScH R G R [J]. k% #rE T, 2005, 13
(6):721-726.

YU X, WANG X, YAN F, et al..
JPEG screenshot file system in corona detection
system [J]. Opt. Precision Eng. , 2005, 13(6):
721-726. (in Chinese)

FE. RE, IE, F. BIRKEILE LN
Mg EEizkER [J]. & A#HF25HKFIR,
2017, 32(1):117-122.

DONG X Q, WU J, WANG H., et al.. On-board

UV inspection and fault diagnosis technology for

Design of

EE I

BAKTE978—), B, W R E AL
+ B #2007 AEF AR B TR K2
AT 200, T AN
b NN- 5 NN s 7/
(IS NI T TS R T

zhaotaifei@163. com

E-mail ;

[12]

[13]

[14]

[15]

[16]

[17]

[18]

transmission lines [J]. Jowrnal of Electric Power
Science and Technology, 2017, 32(1).117-122.
(in Chinese)

RZ, RF. OCHEAESRMEESHEARIM] &
WU Tk B BRAE 2005,

ZHAO Y, ZHANG Y. Photoelectric Signal De-
tection Principle and Technology [ M]. Beijing:
Mechanical Industry Press, 2005. (in Chinese)
FTEE. FIOCHARME IR M]. b x HF
HpRAE, 2011,

KE X ZH. Ultraviolet Sel f-organizing Network The-
ory[ M. Beijing: Science Press. 2011. (in Chinese)
MRE, A, e, . LR D H LI
SENTHE [J] k5 A E 42, 2017, 25(9):
2324-2332.

ZHAO T F. YU X X, BAO H, et al.. Ranging
and positioning method using wireless solar blind
ultraviolet [J]. Opt. Precision Eng., 2017, 25
(9):2324-2332. (in Chinese)

EE . R A I 5 A I B R K A A
3% [D]. TR TRKXF, 2008.

WANG J G. High-voltage Equipment Discharge
Ultraviolet Detection Technology and Its Appli-
cation [ D]. Chongqing: Chongqing University,
2008. (in Chinese)

AR BT R LAt M]. .
oA, 2016,

ZHU H. Transmission Tower
Structural Design Theory [ M. Beijing: Science
Press, 2011. (in Chinese)

W&, Hhm. ML N FETEA R KRR
WRDFF [T #oe & &, 2008, 29(4):40-41.
CHEN ] H, YANG X L. Research of the atmos-
pheric factors of solar blind ultraviolet communica-
tion [ J]. Laser Journal, 2008, 29 (4). 40-41.
(in Chinese)

REA. LREIOCE G ERME (D). B
% . HEE IR, 2014,

ZHANG A L. Research on the Performance of
Wireless Ultraviolet Communication Links [ D].
2014.

Electrical and

Xi'an: Xi'an University of Technology.

(in Chinese)

BWEILA993—), T F A+
WFFEE 2016 4F F )8 1 U 3 2 B 3K 15
g, AT R IDBEAF AR
YW R B B 5. E-mail: guojia
wen0812@163. com



