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Improvement of Multi-UAYV Cooperative Coverage
Searching Method

WU Qing-po, ZHOU Shao-lei, YIN Gao-yang, LIU Wei

( Department of Control Engineering,Naval University of Aeronautics and Astronautics, Yantai 264001, China)

Abstract; The common search patterns for cooperative coverage search methods of multiple Unmanned
Aerial Vehicles (UAVs) under unknown environment are zigzag and spiral patterns. Considering the
constraints of the UAV’s turning radius, the zigzag pattern needs to make turning out of the search area,
which can result in longer total path lengths, while the spiral pattern may result in large number of
turns, especially near the center of the area. Focusing on the shortcomings of these two patterns, we derived
an improved search pattern based on the guarantee of area coverage and dynamic constraints of UAVs. The
moments and positions of each UAV’s turning were adjusted according to the corresponding rules. Theoretical
analysis and simulation results show that, the improved method can not only work better than zigzag and
spiral patterns, but also have good ability of formation reconstruction when partial sensors or UAVs are
damaged.
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Fig.1 Cooperative coverage search of multi-UAV formation

1) WERBA T TR A NER H VAV AR T
FHER EF% 1,2, N, ETHS, 18K N, 2R UAV
B—HA KBZA R T A SIFEE & B E T K
4, FHBEER T UAV, B KALEH a, |4, | =R,,
ZiBANEARARRISE VAV Z [EI[EFR Y 2R, , U N, 22 UAV 4

W L,
BARBARIIERFEEA N, - 2R, ,FUN, < R < E%RT,

UAV GNE R RUBA A TR 27 FRER, R
Z,N, 22 UAV A i—HFERBA , TR 3 el 58 iR X B
HER,

2) HUAV, BllARAF BC EW b, RJE, UBR/D

SETARE R HITARS, Bhbe - AR |od, | - £

25 dye, AT N 7 U R4 RAOR, A SO HoAh
UAV RLKATBIAR BC G B#GTAERS , RTY
UAV, B3k b, i}, UBR/DEZTEZER EHh R b,—
e, —d BT ARE - HER - ART” T BE L B
BANA BCWEEE N, , WG
I,=(n-1)(R,-R,) n=2,3,-,N, ., (1)
B 1 L LABISE UAV B BI#EAT B, B, b, BE
BAUF BCHRKENL =R -R,, VAV, BEERBF

S — —_ 'n'Rs
—&ﬁ%ﬁﬁﬁﬁhﬁ = ﬂ"r1"1 = 7, |c1d1 | = (4 . Ns -
2)R, -2R,, %t UAV,_ /5
—_— —_— R
be =de, =%,|cnd,| =(4(N, -n) +2)R -2R,, (2)

3) UVAVEBAHR VAV E|IAR He, REIHHZK
le, £, | BAEL AT, W BTA VAV B ARERF—H®E
HFERES B2 UARIEY B X E#ET 28



82 Bt 5 & M

FEBH

EIR, EEASSTE UAV [MT/5 HEE L, =6R, -
2R, T 2) HALBRE N, 2 VAV WITREER
RN R (G AD) R, IR/ N B R 5
R LS - HA - A%E 5,88 fren—

|gN'hN_ |—’@_,ﬁ¢', |gN,hN_| =(4-N,-2)R, -
2R,, FEAIAE, VAV, PR SR, L EEADR

AD KEEH
r,=(N,-n)(R -R,)) n=123,-,N,; (3)
PRFETZ A ERERR
|g,h,|=(4-n-2)R, -2R, (4)

BrA UAV 2 VAV, B&IGERARKS, ILE, %A H &
UAV B4R —HFAAZ A HETERER.

4) EX 1) ~3) , B3| VAV %iBASE A A X
REZER,

Bt ARGEE N X BB EEREERAU
THR.

HR1 BHEHR VAV GVEEEREEESS
BERXBRNZE 2B,

R BTN, RUAV iR — AR RAED R T
A RITEER K, K FrRAEER, & VAV BB RIET
RO LR, HELEF VAV, ZAMLA)E
HATHD B8 2 1 AB Z A UAV, BREEEENAR
FERERKE,

C

B2 UAVETLRERE
Fig.2 UAYV search situation with turning radius constraints
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Fig.3 Methods for UAV formation reconstruction
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Fig. 4 Flight path of zigzag coverage searching
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