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Three-dimensional GIS-based Trajectory Planning for UAV

FENG Zhihui'?*, ZHANG Xuefeng'?, FANG Shubo'?, GONG Hao'?, LIU Chunxiang'?
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Liability Company, State Grid Electric Power Research Institute, Wuhan 430074, China)

Abstract: The multi-rotor unmanned aerial vehicles (UAVs)have been widely used in the power system patrol
inspection. In this study,a 3D GIS-based patrol trajectory planning system of UAV was proposed based on the elec-
tromagnetic field interference researches.The influences of the power frequency electromagnetic field on the UAV
fuselage and airborne equipment were calculated ,and the minimum safe flight distance was determined. The mini-
mum safe distance,the 3D line tower model and the patrol task related information were used to realize 3D GIS-
based UAV patrol trajectory planning,trajectory tracking,and manual navigation.Practical application verified the
importance of the trajectory planning to the patrol inspection.
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Fig. 1 The six rotor UAV flight plan view
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Fig. 2 The relationship between UAV and the

equivalent single conductor location
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Table 1 Calculation of the maximum electric field of

the UAYV under some distance

B 15 /m 3 3 BE /(K V )

3 36.256
5 25.856
7 19.418
10 12.536

0.109 000 X 10"
0.001 400
0.002 800
0.004 199
0.005 599
0.006 999
0.008 399
0.009 798
0.011 198
0.012 598
HA7: kKV/mm

B3 TANKERGENH
Fig. 3 The distribution of the electric field of UAV
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0.109 000 X 10"
0.002 873
0.005 746
0.008 619
0.011 492
0.014 365
0.017 238
0.020 111
0.022 984
0.025 856

Hf7: kV/mm
B4 ZTANBRERIMEZESEIGN T E
Fig. 4 UAYV and air electric field distribution

chart of the near layer
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Fig. 5 The electric field distribution curves
of A—B in the Fig. 2
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Fig. 6 Variation curve of power frequency electric field
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Table 2 Calculation of the maximum magnetic field of

the UAYV under some distance

1 /m W78 BE /(A - m™")
1 161.931
2 111.881
3 76.184
5 37.951
7 27.448
10 20.419

0.035 056

4.050 000

8.065 000
12.081 000
16.096 000
20.111 000
24.126 000
28.141 000
32.157 000
36.172 000
BT, A/m
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Fig. 7 The distribution of the magnetic field of UAV
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Fig. 8 UAYV and air magnetic field distribution

chart of the near layer

580 1160 1740 2320 2900
2007 870 1450 2030 2610
X/mm

B9 FE2F A-BBEMBESHHE
Fig. 9 The magnetic field distribution curves
of A—B in the Fig. 2
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Fig. 10 Variation curve of power frequency magnetic field

Wi, Al B 10 s ih 28 e T AHLP 25 &% 4
RATHE R AR G I R A B/ ML R A AT
JIJI;E%[IO—B]O

Fi B GB/T 17626.8—1998 L i He 7% 12 46 Fn
EHEAR T #ES DT PEl 8 ) b R BUE - i 0%
FE 100 A/m, A REIEH T AR, 456 THR 5 S
TR, MR 5R B H=100 A/m B}, JC AHLIE B S 4
FEES x~2.25 m, PN ) TR 3 % 6 AHL+
ey s ma , /N B B AR R TE 2.25 m s /AT,

i F T A WL A T AE h 45 5 2 4 5 | j&
A RS R, 2 v LR B o e B AR I 4
TR AT R R e, AR TR E N RN
RS LR b — Y R AR A (BUEE L

3-8 m)[14-15]O

3 ETF=4 GIS B AT x|

31 BEF=Z%GCISH&RER

2L % FIRT B8 B = 4k 1 A Sy o A LA 328 M K
S, 7 T 8 R R I AR AT A 2R AT A G
R W e R A )R S AT B A = 4R A
T, R s 2 0% 14 R s 5 20 S s o OB T ST R B ) = 4
St

B L S T P — A TR A A R S AT
B R R 37 B AR AL LA BORS 4R A AT BE R

TR AL g A e 2o 332 RO 35 A O 15 R K He | X 4k
Y DEAT AT Ak B AR, O e A7 ik B S AR A S B
it ZL IR

2) 8% By B ST AR A A5 TR gt i A B0 K8 A
= AEAT RS IE SRR O ] B B AR R AT 4 A
AbEE

3R AR EAL o K R AT 1 P AR R R A 0 D
TE AR MEAL IS T B Rl T =4k GIS “F- 5 X =4k
FFEE ALY By i A A 2

AVRE AL FT SRR RS A AR R T 22 i 1o iy
= A ST A0 A0 T T S 2 R T B A
H Ao 0T AT B Y B R ) R AT R K R T ST Y
P55 19 B S 50 TR 00 5 R A 700 3 47 2 20 P 1l 56 B 1
FREEAREA DL 11,12 B s (9 30 28 B = 4 4
B BT 5 3 = A AR AL

11 WNEOEZKE=ZHRE
Fig. 11 The 3D model of double circuit tangent tower
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Fig. 12 The 3D model of double circuit strain tower
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Fig. 13 The scene graph of line 3D model

% BRI A BLRIERAT

T30 BRI FE 25 A 2 R B T AR L RAT X
B A ) 4 DR R AT AR S, IR S ANLALIA =
B RIS R S AR A S E R M AL ] —
FRA ML, DAGRAIE TC AN HLIUR | 22 4 1 52 B 2k it
j‘\(gﬁz,ﬁ‘: %[15,18—19]0

AU 328 R0 K oy BE AR B T EALEE . A Sh R R A
PR MR RN U B A 3 S0

DAL, A h B 35 2 MRS A 2k i 1
FFIE A ASORI 2 i = He Ae b JC AHLEE R 2R 1 e /N %2
4 IR RN 28 A A B A N AT ER , AR 500 kV 11—
13 SATIE A R 9], e /N B 2.25 m, 28 4 g P A
JER 7.5 m, i EEESL CITEE R 9.75 m, il
R ZH0% S WK 14, =48 GIS HuEl | [ 3hE i
RATALIE WA 15,

Q)M AR S BRI AT 45 R
BRI B OGS S R A A s
P AR T HEAT N T 100 h 245 Jm 350 0 B A3 | DA A I
LU

3)Hb R SN R UL 50 =4k GIS
Hiu P B8 XoF L b PR R AT 4 S ) | i i
K2 gkl 2 AL FTIRE

AL IREE . TEANURE W AT RS AL EF

R RS54

ML o e

2. |111.22 [11.22305556

7). 130.348055556  130.346388889
fidaim: 4521 migkipamy3025
B KEm) (6273 M4 2
PR S EEm) 975

A AL

B 14 MTEHMYUSHIEE
Fig. 14 The parameters of trajectory planning
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Fig. 15 Automatic generation of trajectory planning
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Fig. 16 UAYV track real-time tracking
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