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Multi-UAV 3D collaborative searching for moving targets based on
information map

WANG Hong-min, ZHUANG Yu-feng, WEI Ling-yun', TIAN Jia-qiang
(School of Modern Post, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: Aiming at the problem of multi-UAV cooperative searching for multiple moving targets in the area, considering
the detection and false alarm probability of sensors, the flight and collision avoidance constraints of multi-UAV, and the
random motion of targets, a multi-UAV three-dimensional cooperation search method based on an information map is
proposed. Taking the balance of short-term benefits, long-term benefits and coordination benefits of UAV search as the
core, considering the characteristics of the three-dimensional motion of a UAV, a mathematical programming model for
multi-UAV cooperative search is constructed, and a search information map is designed with four factors of existence
probability, environmental uncertainty, revisiting pheromone and searching gain. The model is solved based on the
rolling planning architecture, integrating the newly proposed pruning method. In a typical cooperative search scenario,
the effectiveness of the proposed method is verified by numerical simulation experiments. The simulation results show
that the proposed method can make the three-dimensional flight decision of each UAV in seconds, revisiting pheromone
and searching gain factors can guide the UAV to capture more targets. The comparative simulation results show that
the proposed method can capture more targets while having fewer misjudgments, which effectively improves the task
efficiency of multi-UAV cooperative search.

Keywords: cooperative search; information map; three dimensional path planning; revisit mechanism; rolling planning
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3. H 45T AWLPAT I A R AE 55, T ANLIIAE B
W 2 R, A% AR 1 S50 3R 3 fow, 770 RS
WE MR 4 PR, WoE 2 A F 1A 29 5000 s, H4 477 5L
IS 18] 53 A 500 R 22, KUK [a] (A1 BE A4 10 s.
=2 EAHER
TNHUFS WIEAFE (2, y) /km F8ZESE / (m/s)

1 (0.25,0.05) 10
2 (1.05,0.05) 10
3 (175, 0.05) 10
4 (2.55,0.05) 10

*3 ERRER

EEL MR TR SRR REMR

1 1 0.90 0.10
2 5 0.80 0.20
3 9 0.70 0.30

x4 MESHRE

ZH E
wy 0.4
wg 0.1
we 0.5
wq 0.3
wWa 0.3
w3 0.2
Wy 0.2
pPa 0.01
SA 0.01
Ty 50

T 10
Po 0.99
T, 3
T, 1

42 MERRAKIER

Xt i TR B 22 T AL P R4 2R AT 55, {3 BIM-
CSP J7 iKHAT 22 R4 L5060, 8 93 4 RN S P
2 SRR, AT R B R A R IR B T L T,
BIM-CSP J5 A58 0] LA 51 30 AL R AT 3 34T 1)
R 2R AL 55 BT A0 ) S DS 36 Hh, ~P H 3 T LA
IRT8A HAR, £ 2A — AR 1 4 H A,

5 BIM-CSPHESRHZR
SERG UK AR AR RAIRE AR R R AR

1 7 3 5
2 10 0 4
3 6 4 5
4 7 3 6
5 9 1 5

15 L 45 B3 0], BIM-CSP J7 3% 7] LLA 265 S [X
BN Z T ANX ZA 280 B br i A R, £ 241
P RIRS RS AR BN S A S R
0.417 s, 55 K9 0.74 s, FALECN 0.413 s, BE W 2 1 [F]
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AR5 RN (1 S PR 2R
43 EINREERETFHEMNRRIRIME

N TR EVHE R 700 A R BRI
i, 5 T 2 5 A5 2 3R R B ws (1 R 3 BT S,
LLO.1 Dy a] b 55 20 K 18 OB AR, S 1 5 9 [0, 0.5).
B B — AU, 73 59 HEAT 20 DT FLSE R, B ws A1
HA SR E R 4179, (5 S E R 5 PR,
7.0
6.5
6.0
5.5
5.0

4.5¢ —e— BIM-CSP

4'06 Ol.l 012 0l.3 0j4 015
EN IS ]

&5 EiHEEERERTHERNMENFN

SEISKEIFSRGERTNE N W 1K BN = R N ]
BRI RG0S, 2.3 A AL EYHE SR AT
DA 51 6 AU BRI 4G H b 1 X 383 AT 207 A6,
B 1) A 7 1] (1 IR AR AT 07, 241 IR TR E N O B,
TE NN EZAEAE MRS A B B AR E M2 34T 7, 18
o DL PS4 D S N R B B R AR AR B AN 25 4R
K, ToVETE A 200 B V5 AH % R 7 A I KR, (R
SRy R P T DR DR, e S b ) R A X ek i AT E 1, 3
I ) PR VR 2 48 R R IR PR
44 BRESFEFNENERYROENT

N T R R AR R 55 R B R R AR 5
W, B2 1 4% 3R A DR oy 1) R B 43 BT S 58,
PLO.1 A (] B &5 A4 396 BB A {, i [ 12 A [0, 0.5).
b o B — AMAUELAE, 23 9l BEAT 20 YR AT B SRR, Bk wy A1
HAMSHOEE R 4170, 7 H IR 25 R Kl 6 .

7.2
7.0f

6.81
6.6

- NER A

AL N I H b, BB R 26t 25, tH IR S,
To NN TG 22 IRE V7, A RE 4k 2L AT R AT 55, BT A
TR H bR B B, (H 29 R P ACE K, B
WU B B AT v B2 J2 I ) 46, 36 Pt [) ()R 9%, S04
R MR BEL.
45 MEREZEMEEXTEE

A5 38 1 %t H 23 H RMD-CSP J5 ¥2: 5 BIM-CSP
THEAEANTE] B bRl FE AN B AR 21 T R
S5 3 — S I0AE AR ST VA RO AR T AR
WE S A ESLL, 2 N0.5m/sy Im/s. 2m/s.
S5m/s. 10m/s; FRAEH0R 2% AR BB S A SR, oy
SIS 1048, 154, 200, 254, 413317 20
AT B, GUTE AN [A) 7 60 2 (3 3R B AR B R IR
£

AR H AR BE A R kS R 7
Fi7R. #H bt RMD-CSP 77 7%, 75 A~ [8) H 3 1 25 1
N, BIM-CSP 75 ¥E# I LA 38 50 22 1) H b, [F) 352 )
OB /N, B A H bR R IR 3 K, R R O VA IR B A
B ) 22 PEERR R/ H bR R R, To A LRI 3R
1345 JE PRI 280 A h 5, ZE BRI B H A5 5 E U7 1)
AR, AT AR B FR A AR 2R 0 RS B AR AR B E
I, H bRt O 2002 20 31 H A 1) RS Y, X2 PR
AR B AR R R B bR 12 o) R T 3k ek ) iR
[A. 7 B Ariz sl B i m i, 1R vT RE TS 1R IA B 20
YA LR T IEVE# A BRI, X S T s
) H bn 18 P I B, AR O AR R AR AN

BRI

6.41
6.2
6.0

—e— BIM-CSP

0 0.1 02 03

0.4 05

RIS TR E
El6 EEEHHEFIIERIRIIFM

H &1 6 R, BE 5 wa (3 KX, T AL R H FR i
BB e R RN 2.4 7] L R 2k R T A
X N S5 AR I T ] 5 R N i AT 11, >4
T RCE N O, e AHL = A T AE B R REAT K
Y1 BRI, S ARy T R0 =R IR, e AMLAR 7T RE Tl

8
® 6}
<
S
m 4
])—:ﬁ
& 2r
%2 4 6 8 10
HFRIEE/ (m/s)
(a) R HEFFEEN L
11
10 —e— BIM-CSP
9l —&— RMD-CSP
X 8r
6 T —
st —e
4

0 2 4 6 8 10
HbrIEE/ (m/s)
(b) RHNRECKT L
7 AEEWREREZEH T HESRITEE

A H AR BCRFE TR J g 8 R 0K 8
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Fr 7. AH B RMD-CSP 75 7%, fE AN [F) H A5 & 1) 2% A4
N, BIM-CSP J5 i£ 40 a] LA 35 56 22 (¥ B A%, [R]1) i% 4)
DB /N, B H RO IO, PR AR D7 A IR B AR
i B R R K, (H 55 b [ B 358 1) VR 50 A #0 3% v T
s X3RN AETE R H bRk 2, 5 AN S BENLIE 3 H x
HE B P RBE 2 8 K, BT DA 7 b 7 v 3 3Rk E s 0 A0 0
% . 183 H bR AT EHh H BLE AN A, X
B 7R G K

20

—e— BIM-CSP
—&— RMD-CSP

i:/

5 0 15 20 25
H b
(a) RIHWEEN

16T

b5

KILEF

—e— BIM-CSP
—&— RMD-CSP

8t ._/.//
6 L
5 0 15 20 25
H b
(b) BRHANRET L
8 AT RIBWFHERGTHEMRTL

TETC NHLAL A R e 2 LU e s P I 0L
F B A5 75 EPURE VifIA B bR PR, X IR
NG AT AR B, AR TS NATLAE 12 DX 358 T I A B gk
TR AT REAT R Hh R B AR 47 (E, A1 LL T- RMD-CSP
7532, BIM-CSP 75 ¥2: 1) H 17 5 |8 2% A - 0] LA B 4 1
1T ANREAT 7, 800 DR A 5 (1 R 5 1 1 ) 5
Wi, 177 H BIM-CSP 77 2 (144 2% 3 &5 K~ 0] DL i 1
TG AL v R YA R o R AR Y . 7 e
Bt AR RN, B )=, 7E 7 RV 1 =
Tt R, X BN A TR RIS T R AH LR A
A BIM-CSP J7 i 15 {5 B & R 7 A8 R 1 2
74 s 7 2 B AN R R e, B A E
T M A0 T AR S
5 4 #

NT R Z TN FEE R XN 2 A28 H
B (R 026, AT FUAE 75 e A I 2 P R U ARE 23 AR il 20
RIRTHE T, Wt T ETE EENZ B AN =40 [F
MR IE FEIT R 7B B, F AR

1) A3 LATE ANUEAT AT 55 1 72 Hh 1 o A2

R AL

AR DA K WM RS 2 1) ~F A8 A O, BASR KA 4 )
MR BRI H AR, LT 2T AN A R, 1%
B To AHLLE PSR AS K25 FE AR AT 148 &R IR, 18
AJ DLA J5 S )48 R 5 Bl A 25 8 5 A G
AL P [R]. Sz 4 B3R B, 1 A5 AL mT DLAT Acih
g1 FHANEAT I A 2.

2) TE AMLAT LATE =4 2% (8] 34732 3, 7EAS [ =
-3 o = I N AN E 711 (NG R 731D i i NSV =: A
T =Y SR W T 5 SR AN =4S S
RGN, I T BB B S, SRR AR
IR AR TG AL AT AR 5 = S AR
TR R O R, E A v T IR R S
PRI ] P A D6 ZE (1.

3) & B AT E BRI AE 2 R R M 2R, BRI 15 B
W Ja, B B S B AR ARLE, W2 7= A it 2 i,
I BT 75 R PRI G E A 1 DX 3803 AT B V7 AL AR
Wt E VS B R B0 LS S B AN T A R E
R LN SN IR s RuI Gk L e & SIS R N R AN

4) 2 30 T0 NHLEEAT P R RIES, 2 1R KT 5
5, AR AN HEAT A E, W0 T AE AT B 2 R ] N 45 3
RIS R AR SCR A TR RIS FI BT KL 732, 7]
DATERD 2 1A B 1] BRI 4 Rl AT B AL A e

5) i i 5 RMD-CSP J5 7% % b 3% BH A SC 5 75
g A & 51 5 2 JTE AHLAT 2123 B bR 19 748
FATSs. AEA TR H b B2 50 H An B & 1 2640 T, A B
F RMD-CSP J5 %, BIM-SCP J7 23 7] LL7E i 35 8 %2
b (14 [F) B EL A B 2D [R5 L

KA TE MM EE RS ST LA
MLIEZE H AT DUJG B B b B8, 7 )5 22 BB 78 ] L%
FEIIATC ANLEENLIREE R, it — DB 2 TN
GINNGEEE e
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