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Abstract: Based on the sparse A* search algorithm for path planning and the improved artificial potential field, we
propose a method of dynamic trajectory planning for unmanned aerial vehicle(UAV) in the threat model composed of
obstacles with different attributes. This method first builds a grid model of the threat distribution; and then, it makes the
global path planning by sparse A* search algorithm according to the static obstacles; Finally, combining the pre-determined
route and the dynamic obstacles, UAV can accomplish the dynamic trajectory planning by using the improved artificial
potential field. Simulation results indicate that the proposed method can find a global optimal path with the given risk index
and achieve a good performance of dynamic obstacle avoidance.
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Fig. 1 Grid threat model and CV assignment

3 BT W A R K 1O R (Sparse

A* based trajectory pre-planning)
3.1 AR K2 R 4 (Constraint condition

of sparse A* search)
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3.3 FBRA*¥8 R (Sparse A* search)
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Fig. 7 Pre-planning based improved artificial potential field

] sz e 7 ORI AL IZE, R 4 3 s 552 B Tk,
W RA TS 18 H AR RUT 51 3 AE8 10 s 9335, B4
TNV BN Ja AR /N RT3 250 H B AN T Ik, A
) H AR RUS, TS ABLSE i ) H bs s A1 51
W51, FESE Ry E AN s Bk 1R AR, R
2 H b ) E S 18, AEHMEE 225 1
5 A4t R 545 H (Simulation and result)
gia it ok, Wt T AN BRI R &R
G ok B Uk R AT k. AL R X 6005
R xA80MR 3R, HHABAZR Z N WY SEBR R B 24200 m, 5L Bk
R FE 2120 km x 96 km. [ DX 3805 7 i 45 Jg b,
N AR TR B A BUM. AR SO R B A S R B B
Gi— 58 SONAZL. X LAIA ) W X AL EI8 L 1519.
51 KT8 A* 8 REERAUE BRI R
(Simulation of sparse A* based trajectory pre-
planning)
FEAE AR g A SRV AT a2 PR R i L B
S 2 B, #5120 kmx 96 km (158 FH P9 74 1 2
JIR AR« AR AT B AR 3 PR,



958 oA N A

027 %

k3 HEBRMMEEME
Table 3  Property of static threat
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Fig. 8 Sparse A* based trajectory pre-planning with
different 7 values

52 X T B K 51 RSN TR 1

(Simulation of pre-planning based improved ar-
tificial potential field)
FE120 kmx 96 km 1 RN A, A2 B 2
o, LA AP,

x4 HERMEEER
Table 4 Property of dynamic threat

G AR R e SIS S BT
8 (240,200) 5 4 [ &2 5
9 (440,400) 5 4 JERS 3R

TEMNBHZAS B, 5 A% oot i) N T334
SREAT B A5 kR, T IO R AT 5 | 5 0 gk N T
PO B A R R, Horb 2R s L ABLIR 5L
brig AT 4.

15, ME9@)F, WTLLE B 5N F s
(1) 2 2 3k s (1) A7 25 R0 sk B Do A LI g i ok
SN BN BI G, HILE 23.(340,370) BT Ba N J=) i
ANMETTEIRIE B B 28 H bR, N T F1 2R BUOBOR 42
a2 J5, T A B E9b) . T AHUE N T )R
W/ IME, BRI EIE H bR AL S5, 1687 8 OB 45
A A I BB R AR I v B ) E AR
ROR SIS ANUEAT shAS BERE. WE9(c)FTR, T
KIUZE b (% 1 AR A e ) H b A ) E AR S
15T, ot N T 38351 3 4 BRI i A0 SE A B
TR, 117 HATY SR BE 847 30 58 I sl A5 k.

() FINHITIESE T+ 15397

(b) GIAJF o8 2 R 7 1



HTH

QI A5 FE TR G AR RN S0 N 1387 1 T8 AHLBh AT R 959

a1 TR

(c) HETHRINTL ST

9 EETHORRINLS] T K Sk N LR
Fig. 9 Simulation of pre-planning based dynamic

obstacle avoiding

6 4518 (Conclusion)

AW s A R SRR T3 i 45 A i
K, B H BT AMS ST R . 5o, W
BRARSL T3R5 2 WO R bR T 4 R I AR Az, 2R
Je A3 5N T IS R 1 3 R F g BB 3 ) g
(R escdt N T3S A R KI5 15 R 58 ik ol 25 ik
Bei, Ve Th TR s RS T LA R, AR
H VL BEE A B R AT I Bl A AT O

£ % ik (References):
[1] A3, . RATSRMUE RIS 253R (3], ®AT J1 %, 2005, 23(2):
10 - 14.

(DU Ping, YANG Chun. Introduction of air vehicle path planning al-
gorithms[J]. Flight Dynamics, 2005, 23(2): 10 — 14.)

[2] BLACKMAN S, POPOLI R. Design and Analysis of Modern Track-
ing Systems[M]. London, Britain: Artech House, 1999.

[3] BEARD RANDAL W, MCLAIN TIMOTHY W. Coordinated target
assignment and intercept for unmanned air vehicles[J]. IEEE Trans-
actions on Robotics and Automation, 2002, 18(6): 911 —922.

[4] OVERMARS M. A random approach to path planning[R]. The
Netherlands: Ultrecht University, 1992.

[5] 5KBX, BoC, HOKME, 55, B3Pl NER KILR M. Jbnt: 7
Tk ftt, 2007.
(ZHANG Yi, LUO Yuan, ZHENG Taixiong, et al. Mobile Robot
Techology and Its Applications[M]. Beijing, China: Electronics In-
dustry, 2007.)

[6] WA BT, SRAUNI. — 63D A0 8 05 N HLEs A ROV 3l i A2 0
R, ABhbAAR, 2002, 28(2): 161 - 175.
(XI Yugeng, ZHANG Chungang. Rolling path planning of mobile
robot in a kind of dynamic uncertain environment[J]. Acta Automat-
ica Sinica, 2002, 28(2): 161 - 175.)

[71 STENTZ A. CD: a Real-time resolution optimal re-planning for glob-
ally constraint problem[C] /Proceedings of the 18th National Confer-
ence Artificial Intelligence. USA: AAAI Press, 2002: 1088 — 1096.

[8] KHATIB O. Real time obstacle avoidance for manipulators and mo-
bile robots[J]. International Journal of Robotics Research, 1986,
5(1): 90 —98.

(91 &2, . ANPGRS 2 ) g 7 e (0], RS
FEEAR, 2007, 19(3): 491 — 493,

(LU Yi, ZHOU Deyun. Study on initial path planning layout model
for UAV[J]. Journal of System Simulation, 2007, 19(3): 491 —493.)

[10] MITCHELL J S B, KEIRNEY D M. Planning strategic path through
variable terrain data[C] //Proceedings of the Applications of Artificial
Intelligence. USA: SPIE Press, 1984: 172 — 179.

[11] SZCZERBA R J, GALKOWSKI P, GLICKSTEIN I S, et al. Ro-
bust algorithm for real-time route planning[J]. IEEE Transactions on
Aerospace and Electronic System, 2000, 36(3): 869 — 878.

[12] GE S S, CUI Y J. Dynamic motion planning for mobile robots
using potential field method[J]. Autonomous Robots, 2002, 13(3):

207 - 222.
Y @A
Bk m (1985—), B, WS, HF 7O RN ST

RGeS 548, E-mail: far_ 202@126.com;

FAXAL (1958—), B, #ud%, 1A S0, F AU A N ST
S A A A T SRR

LI (1977—), B, WL, DR N 2T HROR L e
Y G4

# X
.

(1984—), 59, WL WFFUAE, W50 U A T0 Ltz K 4 19



