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Abstract: Aiming at the path planning problem of UAVs and the problems of target unreachability and easy oscilla-
tion of narrow channels in the path planning process of the virtual spring model, a UAV path planning algorithm
that can improve the virtual spring method is proposed. Firstly, the repulsive force formula between the UAV and
the obstacle and the traction formula between the UAV and the target point are established to complete the local
path planning of the UAV. Secondly, the concept of boundary force is introduced into the virtual spring method to
solve the problems of easy oscillation and target unreachability in the narrow channel of UAV. Finally, the effec-
tiveness of the proposed method is verified in combination with simulation experiments. The results show that,
compared with the traditional virtual spring model and the improved virtual spring model, the proposed UAV path
planning algorithm can form a smoother path for UAV path planning in the narrow channel environment, and en-
able the UAV to reach the target point smoothly when the target is not reachable, which is able to plan UAV paths
in a relatively complex environment.

Key words: path planning; unmanned aerial vehicle; virtual spring model; boundary force; target unreachability;

narrow channel

WiBH: 2023-10-12;  fEEIEH: 2023-12-10

EE&WE: mma HRRESm LI H (202201AT070080)

BIEIEE: SKiL(1995—), &, B LM 4. E-mail: 20212245023@stu. kust. edu. cn

IR W, sk, S, A BT o i ) S AR A G T A LB A MR SR B ST LT ] s TR HERR , XXXX, XX(XX): 1-8.
Xiao Heng, Zhang Hui, Zhou Wen, et al. Research on UAV Path Planning Algorithm Based on Improved Virtual Spring Method
[J]. Advances in Aeronautical Science and Engineering, XXXX, XX(XX): 1-8. (in Chinese)



2 fiias TR

L 9 XX &

0 35l

UTAE R, Bl A 28 5% B AR B9 A B % J L e A AL
A7l A e R S B Be o o A HIL R 2 AT R R
AN AE AT AR AR RN M S SRR )T N
HF A8 . T ANAERATAE 55 b FE b, 75 X
s A7 B AR #EAT LR, A H 2 4 as 47 0 [6] B, 38 BB
i P B3k H BR AT

TG AL 6 A2 A4 B3 T 4 Sy 4 Jmy R Jmy 38 1) B
RN BRI 2 o, 4 Jy B A R R0 SR
AMEGE K, BIAE © 0 RAT S5 4 BT 55 o5 1 i 42
B A G A BIL AT 5 R R Ak R R % H
To N4 Jrd i 48 B0 B 1 AL A SR B R
R ORERLE Y Dijkstra BIEM A L B
ol b N E SR I L NI (ER 7 F
A=Ak, B R N B g A B A A I, 4 R B A R
S TC O T N ML AT S B A R K DL 3
T TN HLSE B i A2 A0 v ey S B A R A vk )
N % WG R N MO R 7K S SN i NG
HLAT 507 1)k B A o JC LR 3 B A8 6
RIS 4G N TR s 8 1k Y5 B
i 1 T 0T A 2R B B 245 [ A5 4 I %k e A HL B A% E AT
SEEF R R DL SR AT A L T ) R B AR R ) AR
FOHERE SE LA A BRI
T I NIz 47 25 (8] (9 AN [m) 5 i A% 00 Rl 20 e — 4k
235 (8] N HEAT SR EE TN A2 2% , i iz 7 ik T W X AR
58 A A o] SE 56 1,k e AL B 2% 2 R Y i R
P BRI R AR S A i o JC A HL
TE S 2 PR 55 v 114 % A28 B0 ] ) 2

AR HE 40 5885 45 78 (Vitual Spring Model , i 7%
VSM) ] DA fifg o T N L ik s [ 250, 1 [] Bsf o 47 7E Jm)
S % A L R A v i H AR S AT A [R) R B 2 B T
T ¥ 5 [0, DTG 5 BOTE AN HLME DL 22 4= B35 B x
Ko BEXT bR ) B, F8 4 2% 3 0 Mg 405 SR vk R AT
TRk H B AR R ) 2R R ALEE A
TE 52 2% P 35 v ) B A% 0 R R kg i ) R AT AR O
[F] B >R FH A B 0 0 i % 3% 3l FL O 48 A 67 8 09 5
0T Mg 0L 5L 3 ASE Y 1 Jeg S AR /DN A ] R AT A 2
S R g A 1) AR A0 e L B Ak R AT ek
e, AR IE Z AL g N s 17 i s it . H Al
IF 58 N 3B XoF 1 400 53 S A5E AR Jy S A /D i T A K H
B AN AT 3K ) R0 189 il T O 58, R R i 7 vk 1Y ok

il

7 AR By AR 1 )L, B 5T i AN TR o

P, £ LA b TR RS, 22 ) — b ot g 400 90 3
BT T N LS AR ML vk o | o S AL
55 AP HE R 02 L R B AL H b s A
G128 3, 58 TG ALY Jey B A ML Rl 5 vk, i e
OU5 SR vh | A i SR T MR A R TE A BIL R A
38 5 P S HARAS 0] K B 1) s 0, A T
S8 X T B B 1 B A R AT BT

1 TAVNEREREBEREEFEIZE
1.1 ETANEZhFEEHE

o T IE AR S Bl 72 rh 3 e 22 A BF 5 40 3K
I A R GE, A SCHE 1 57 5B Y 5 7 v oy 2L
W AT T HEARAL B . SR ANLA BBl e
Rk 9 BRARTE A HLIE Bl 24 Ry

\% a,— gsing

& (a,— gcos¢g)/V

50. _|as/Vcosg (1)
X Vcos¢cose

Y Vcos¢sing

7 Vsing¢

XX, Y, Z50 00 e AHLEY A F5 5 ¢, @ 53 5 h TG
NALEAREAR A AT 1] £ 5 V R T2 AL B i 5
ay, az, as 53 M IE AL = AL bRl Iy ) i
N ENEALTC ANHLIY B 25 BB, 38— Y
P AW A TR B 5E RN
U, = a, CoS¢cosSy — a,SINYCos @ — a; Sin @
U, = a, cos¢sing — a,sing sing — a; cos ¢
u.=a,sing +a,cos¢sing — g

(2)
1.2 ETERSESEHEIHTANERRZE

A BAE IR T, B R AP A IR
w5 E bR A BB R B R A EOR A JE AL
7 K AU 5 BRI A 5 AT W 1) H AR S A 2l

YT NHLTE AT 1 AR v B 65 P B R
Yy J&) 16 A7 A6 JE 0L 5, 0 B B A5 ) ) B
o I 5 490 e U0 9 ) i O 4R o B R ) B AR ) 2
Xt 6 N HIL Az G 2 B B 4 T 1] ) SRR .
B B 0 e I B 28 5k



XX M

P 87 45 < e T I UL AR AR 114 T A AL B A AR B T 5 3

_ RlL—f(qg—q)| (1> (g—q,)>0)

F.,(q)
0 (flg—qo)>11)
(3)
/e,.:LZ (4)
f(qif]o)

P 2,y BB R 0L 55 O B JE R/ (g — q0)
R T N AL A5 =22 T8] 9 IR TG BE

FUAR s 0 K 004508 T8 AN BLAL ™ AR A2 5] ),
A

Fu/[(q):

2
k(flqg—q)t—" —¢)>0
(flg—q) f(qiq’)g)(f(q q.,)>0)
0 (flg—q.)=0)

(5)
A 2k, g AR HE AU 38 (9 1E LU TN 1
BT M 0 9 AL B JE A HLAZ T M 1A 1
Fiis

P10 SRS R 52 ) 23 B

Fig.1 Force analysis of virtual spring model
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