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Serial strategy for rendezvous of multiple UAVS based on directional A*
algorithm
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Abstract: In this paper, a serial strategy based on the directional A* algorithm for multiple UAVSs is proposed. Firstly,
the directional A*algorithm is presented to create a smooth and feasible pre-planning route, in which the maximum pitch
and yaw angles are used as search constraints of the A* algorithm to narrow expansion area of nodes, and the successive
trial and error procedure is adopted to avoid "dead zones". Then, the serial re-planning algorithm is discussed to extend
the path length for aggregating at the same time, which generally consists of three steps: variable step size and multiple
nodes, three-dimensional circle maneuver and virtual threats. Finally, the effectiveness of the proposed algorithm is
demonstrated using numerical simulation.
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B AR RS P DX 2R, LB K 2 AT iR 22, RS
o L FH T AS (R AT P85, I 25 LA ) L AR
T

10 20

30 40

x/m

6 HREKMZEH

bR SEe FH DL SR AR LA 5 1
L e [1,3| MBUATEHE T, 8 2 Legep = 0.1+ Myep =
1, M OHEL. LUAV3AE Ry, @it 6 Ly MG HEL
{ELWL 5% S G UR, SIS HUE 3R 5 R,

H R S DLUE & 4 s 8518 1 78 L EUE RN,
BE A M AS KA T B G ER7, IR K M A 27
A ETIW AR, R 2= A T 2 A SR AUAE; 2) Bl L Y
B B3GR, R 2 B 00 M AR K BRIE 4 B 2 A
AR, “H BN GO U AR 7 LA M
e NN S SN A PR pNCIE & s
A1 3)AERl— MAE T, M Legep = 0.1 fELEELZ A
7] LAB T AR AH 215 L, M Ltep BB AL /N, 3R
5AHI Lggep = 0.2 B R BT, R AT 2 J5 1) 5258

50 60

x5 AR L. MBERRIZE

M

L

3 4 5 6 7 8

1.0 555 51.2 51.2 51.2 51.2 51.2
1.1 54.9 51.2 51.2 51.2 51.2 51.2
1.2 54.9 51.2 51.2 51.2 51.2 51.2
1.3 51.2 51.2 51.2 51.2 51.2 51.2
1.4 51.2 51.2 51.2 51.2 51.2 51.2
1.5 51.2 50.4 51.2 49.8 49.8 49.8
1.6 51.2 50.4 51.2 49.5 49.8 49.8
1.7 55.0 50.4 50.3 49.2 49.8 49.8
1.8 55.0 49.2 50.3 49.2 49.2 49.2
1.9 522 49.2 49.0 49.2 49.2 49.2
2.0 55.4 54.9 55.2 55.5 553 553
2.1 52.8 53.0 51.9 54.9 54.7 529
22 52.8 53.0 511 51.2 51.9 51.9
2.3 52.8 53.0 53.0 514 53.0 53.0
24 54.7 53.0 52.8 53.0 53.0 53.0
25 54.7 53.0 52.8 53.0 53.0 53.0
2.6 54.7 53.0 53.0 529 529 529
2.7 54.7 529 52.8 529 529 49.9
2.8 51.9 53.1 52.8 52.7 51.8 51.8
29 51.7 53.0 52.5 49.5 49.5 49.9
3.0 55.8 52.9 54.0 50.1 50.1 49.9

HIE 0.2, 4) Jo1e LEAE, M = 7,8 # A S
M = 60 FIBECHMER“ BEEEW, MAIEEAE T
Mo FTUE R 6. TR AS [FI BB 17 350, 45 & B AA )
R I 5 1k AR 3 T

K7 2 5 AN [F] LD M B B A5 725 B o, 1]
BT AN BT, 20 K 518 R AN 2 7B
8 7= A AN A (R G4 T J7 2, 2R 1T 72 AR AN [RI R 1 22 2% At
5, T BRI £ R HEAT 55 225K, ik £ 5 UAVA4 i
P2 d BT () — AR R 4 A e . P 3 5 T A,
EEAEDSKL = 30 RSN M = 3BHiER
55.8 km [RILIZE A KC5P*, i HLATLIZE IR 56 .

E7 TEKZSHRESL
522 Z=Z4HRFENSIEER
PLUAV2 /R NoR B, B e AT B K 2 i R 5
v, X BN 0 OR, R AT Gh S AT 0 ik, 45 5
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5 *x R

E34%

UAV2 4T R KsP N L = 2.8, M = 61 f{Ifi
5, HARE K /N A 45.152 km, FEAS 6 AT 5 k. &
THE, UAV2 I K AT S0 ¥R B e 1242 08 7.920 km. 3 5 50
(9) 15 2 FL it 75 3558 - 12 1.748 km, i = 4E 5 FE L
77T AT. B2 (10) F1 (1) 18 48 e o0 AL R N
(58.25,4.00, 6.00), Xt UAV $147 = 4k £ e ML 30 Bk 5
i BN 8 B,

* Hirs
O UAV2IZf1
weeeee UAV 2R
—— B e

B8 =HEFENNEZE
HH & 8 T %1, UAV 2 B Dy i A B, 2134 H A
MG L BRI S R K BE R 56.131 km, i 2 AT 5%
R, UAV2 i 8RR 58 K.
523 BMBEEGE
X UAV T $AT A8 35 K A8 2R v, 16 45 UAVL i
WP L = 2.6, M = 68 TR 2415 5

* Hbrs

o UAVI
———UAV Ujii 2
® EU

(a) HEERIE

* HARA
o UAVIE T
—UAV i
L@ R

(b) AF)H
9 ENEMEENE

K9P H s K B 52.279 km, 474 75 B A28 R . 4
2R(9) T, Fo 5 KPP URE 22 (A A2 B/ i e [ ]
e, W= e B R ML Bl LA TTAT, 3 100 AT R H00 % P
SR P9 o] A R AOL B 5 v 43 A L, R 1] 9(a)
DN 2 R A0 2 A 7 L T R A0 0 R (18,
22,22), LB R, = 2.0km, i N 55.247 km,
FURR I AT 45 oK. B 9(b) A 3 kAL B H, B IR K& U
B R, = 1.0 km, BEHLH0 43700 R (18, 22, 22),
(20,24,23),(14,18,21). it # 4> 7 N 53.601 km,
53.950 km, 55.750 km, 7] %1 55 3 VR 8 i Fi AR 1) B
T EAE 55 BR, 2 I UAV TR R 78 1, A 55 45 oK.
A B8 T NHUAR UARAT 3 i i 328 1 8 B0k, Ja ik A
T 38 R Sy 8 K P, o G SR AT 55 HE SR, AT SE IR 2 TG
NHUFI R 45 F H br . i BB 10 R,

10 20

30 40
x/m

10 EBEBEENE

6 & ®

ASCEE XS 22 To AALIRI I B2 45 o] B H T — i
AERRN J7 . 7893 7% B TE AN I SEAE O R ) Tk
AT 2R ARL SR, 5t T A% L FH T e ) A* B
VEBEAT TR I i B 2, M LN “FEIX” I,
K FHAE R T8 - 4R U A 1R D7 V2 A Hh i e, A 4t S
o [ B 4 485 R AR AT 55, ad ot 4 o) i A ML RE R4 T
TE AR, B FE AR K 2 A R =GR LB U
JE 0 1) 3 b R K 23 20 SR A7 L2 R R B, AR S HR
HH )4 2R SRR AN 43 A8 S B R AR AT . X
T2h 25 B & F VA R, i de] BT 2h 2 B 15 7%, /&
AL G T BRI TR 77 ).
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