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UAYV autonomous obstacle avoidance path planning under multiple threats
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Abstract: As an emerging unmanned combat force and indispensable civilian equipment, unmanned aerial vehicles
(UAVs) have gradually been integrated into all aspects of national security and social development. Path planning
is the core link to ensure that UAVs successfully complete the established task. In order to solve the problem of
real-time path planning with many static and dynamic threats in the planning space, a method of autonomous
obstacle avoidance path planning with receding horizon is proposed. Firstly, the path planning model was
constructed as a single objective function optimization problem. According to the simplified kinematic model and
constraints of the UAV, the receding horizon optimization strategy was used to generate the optimal path sequence.
Then, the receding horizon optimization strategy was also used to generate sub-sequences for the trajectories
between the optimal path sequences. Considering the threat and flight constraints, the negative gradient descent
method was used to search the waypoint, and the genetic algorithm was used to plan the sub-sequences. Finally,
the approximate global optimal path was obtained by repeated receding iterative optimization, and the trajectory was
processed by bezier curve to represent the actual flight path. The experimental simulation results show that the
model is reasonable and the method is effective. Meanwhile, it also has good threat avoidance ability and can plan
a smooth path. Compared with the global planning method, the proposed method reduces the convergence time, has
stronger real-time performance, and can converge to the approximate global optimal solution quickly and robustly.
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Fig. 1 Static and dynamic threat location schematic sketch
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Fig.2  Relationship between £ and flight speed

2.5 HEELR

B UM X B TR RS N T e » 0 RERS T AL
REF S MBS B, T2 A TS L UAV B9A 8
SR B R G HNT T, T IR X5 A0
AL A TN 5 SR X1 R S AT B A, (A
A S R B AR, L Ar=0.1 s fEt =
[0,1]s EHEFTRAE, WIS B2 A

r<y/(x (1), -x)" +(y (1), -v.)%  (2)

BB RS 5 (2) AL, HE B
Jolp X [0 457 B i o I ] A AR 4k
2.6 TRITAR

AHET W WM S B AR | /N TR R
HRESE AT | T3 B0 Ak 5 W A6 A [R] st (8] 8]
RN HEAT , BRI R T e 4 B e R B S B
ERX BN KESRNRERX B A, =1 s,
V=10 m/s.V, =15 m/s, MK KEN I =
15 m, J/MRER L, = 10 m. WAL 551 /Y
wEN

Lasla; sl (3)
%Jﬁﬂﬁi@ﬁﬁ@ﬁ;@*éﬁ%ﬁ,ﬂﬂﬁﬁiﬂi 4 5 /N

R RTHETHR/NEZ LR o, B
- (4

k=r

SRR ELSE R RATARAS , B Bl Ak AT I () B s
HOAE. WOEESR XY AT T 5 A s 8 LS B — B
Y Rl N T R A5 21 e E el D R T - G

B'(t=1), ,=B'(t=0). (5)
3 Rz m ALK

R Bl et 3 ) (R AROR 2R T ) R Bl
SRR Ak SR 0 I R, L AR K et ] B A X
— B 2, Kok R G MRS AT i M AT R &
PR AR T , AR R oK 2 40 AR A AL M 2
SR Ak )RR , S5 PIE 45 i) e 47) 388 ook 52 B 3R il 24 2
Ak Il AR BT 2. 45 T & 45 9 SE B il 45 51
h 4 R AE R 2R A E 5 S 1 T, A
TUEA SRR PR, 76 F —RAEER 21, B2
PRI AR, B T V] 3 486 1 VR Sl k. AR A Tolkad
R AT AR o O R A R s e sk 4 o B
B
3.1 MRS HA

FHAR, UAV ghs B H A e L. R i)
R , A5 SCR M AR AL % UAV ARG &,
M UAV 25 bt ) et s A8

["] :A[” +Ba,, (6)
vk+1 vk

ﬁ*A‘[IQ Ad, _’(Az)212/2

DR T A A Ad, |

Hopp(h) =[x 1" % UAV 26 F0fA AR 28 b 0 i
BlRv (k) =[x 5] WEEME; a(k) =

(5 5] MinspEr . 0, 1, 551k 2 x 2 BEEH
i x, = [Py vi] e R CHER b B HOR ZUA9IR
Aol i su, = a, FEE kBN 2 AR i R
JAI At

LRE IR AT 29 0, A F R sh i Ak
SREmE , LAFERD B bR SR J RS T AL A s B AT
RS B | R

Flengﬂl!
mjn.]'r = Flimn’ (7)

Fe"ergy’

s .t xm+j+'l|m =Axm+;‘lm +Bum+;‘lm! Vj=0!'“sT_1!

(8)
Xonrotm =Xmim-1,%110 = (ono) ) (9)
m+}|mEU VJ 0 T_l’ (]-0)
pm+]|m¢0’ VJ 1’ !T' (11)

ZHP o T 2R LK) ik 3ol A i S A SR B9 I BBE 5 %, 1 M
2] UAV ShaS 02 (8) X m +j B ZIRA R T



« 122 - MR

T Ok ok % % M

8552 %

M. R (6) B UAV BIASLHH(8) , Wtk 41
W (9). I RAFLER(3) . (4) (5) HiE Frbl i
AZ(10) , 2 (2) M B SRR R (1),
B A7 LE TR TR 15, e 24T 220 A 1 A3
BRI LE BT — B 2R A

ST m B 20 B AR S FE S | X o1ms s tims s

Xoom | R AL 228 F B w00, u

U, .7, ATIEE SR AR D ARBE A 15 ). *Eb%{fﬁusﬁﬂ]“ﬁi
Pl B, 7E m B 2], (A S Sy, 0, EFREH
FRYGTE m + 1 B2, A ERE T4 01
YERIT R 4. i B ) 4 3 f 52 7R 3h 45 B 5 e it e
Folxy,x,, - x, o, x, , & AE 0 B mix = (2,
¥.) , QK 3 iR,

X, T
Xl

B3 SRR

Fig.3 A trajectory consisting of an optimal sequence of paths
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Fig.5 Flow chart of path planning for autonomous obstacle
avoidance
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M6 7T LA i, UAV BE 12 ) 2k T 80 25 sl
Ml sl € F Bhn . B2, 4 K AT s E RN
13.5 m/sitf, E,, GR B35 /N, BETTHFEACH IS B e/
SACHILS) A R0 B 5,55 22 3t 6F 7 SR FE 2% 13 ~ 14 /s
Z B BB, TR B B A 2R R AT
WHIER.

32 W T BR , Ay B AR eR B M3 7 A —
— BT R =S T A S U, A [R] AR e
B IAFEACHT i AR AT A HT BT He L2 1.

#1 FREBREHAHLMITLE

Tab.1 Cost comparison of different objective functions

[ R AL/ m HFEALH/) R
THFEFCAT AR 149. 493 547.806 11.751
B AR A e A 149. 149 558.997 9.929
AL ads < BE d A5 148.931 577.388 12.299

i 1 AT, 243 H AR R ECY R AR, AR AR
T/ AR PR 2 FAR L B AR pRECR B I
R A
4.2 A [E BRI SRR

R 23 (B AEAE 5 AE A U A 2 s A R,
ShAS B RO 43024 (100 m,90 m) (70 m,
80 m) ,JA2HI K 10 m BB EYI R v, = (-8 m/s,
-8 m/s). FETASCHT#E R, YR N B
PRERBORALE, LR —FNE S EBRENE E
BRI, HR R E 7 pis. BT b B
[ 2 7 sh A i T — B 2] B Ak i 7 8, £ RN
Peern Had sl , Se4k o BRI BT , lEZR %
AR A A3

MEE 7 wTLLE Y, 76 R i FE A AR A 1 TR
BT LA 2 358 0 Bl 25 I, SCTT DA R A S
i, 58 UAV BRI HH— 2 M A B AR SR AT AT AL
0. BEUE TR B A R AR B Y B



- 124 - MR T ik K 2% 2 o 52
100 100 * 100 *
90 ‘ 90 90
80 . L 80 . 80 )

70 | 70 . W 70 . { .

g 60 g 60 g 60 [

S50 S50 S50 g
40 40 » 40 -

30 » 30 Vs 30 ’
20t & 20 g 20
10 10 10
0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
X/m X/m X/m
(a)t=1.000 s (b) =2.000 s (¢) 1=3.000 s
100 * 100 * 100 *
9% 90 90
80 80 80 B
70 . 70 ' 70 &
T Y- L Y. ;
S50 i =50 i | S 50 ;
40 40 { b 40 - :
30 30 e 30
20 20 20
10 10 10
0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
X/m X/m X/m
(d) =4.000s (€)1=5.000 s () =6.000s
100 * 100 * 100 |
%0 90 A 90
80 I’ 80 2~ 80
70 ‘ 70 70 +

€ 60 € 60 g 60 O

= 50 = 50 S © O
40 £ 40 40
30| 30 ¥ 30 O
20 ¢ 20 W 20
10 10 10 O

0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100
X/m X/m X/m
(2)=7.000's (h) =8.000 s (i) =10.592 s
B7 mERHRAERRETR

Fig.7 Optimal dynamic threat avoidance scheme for fuel consumption cost
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