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Flexible Formation Algorithm for Multiple UAV Using the Packing
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[Abstract]

Multiple UAV System has been used for various purposes such as reconnaissance, networking and aerial photography. In such systems,
it is essential to form and maintain the formation of multiple UAVs. This paper proposes the algorithm that produces an autonomous
distributed control for each vehicle for a flexible formation. This command is a repulsive force in the form of the second-order system by
the nearest UAV or mission area. The algorithm uses the relative position/speed through sensing and communication for calculating the
command without external intervention. The command allows each UAV to follow the reference distance and fill the mission area as
densely as possible without overlapping. We determine the reference distance via optimization technique solving the packing problem. The
mission area comprises the desired formation outline and can be set flexibly depending on the mission. Numerical simulation is carried out
to verify the performance of the proposed algorithm under a complex and flexible environment. The formation is formed in 26.94
seconds and has a packing density of 71.91%.

Key word : Autonomous, Circle packing, Distributed control, Formation, Multiple UAV.
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Parameter Description Value
Nyay Number of UAVs 15
P UAV’s Position [3, 3] + N (0,1%)
v UAV’s Speed 1 (m/s)
) UAV’s Heading random (rad)
k, , k, Control Gain 15Ny 20Ny
c, G Damping Coefficient variable
ne Nearest Uy 5 (m/s")

Aol e AvIA) Bt B AT et el e
el 5 ook BaAs Mels FEv0] 7)olsh £Ag 1)
Bz H28 AEAA Asel d4E Foidh 34 AT o,
o= & o] 7l A 28k Ao Aot 4] Al
= R17] eoll wlElekeE A sto] F-917] el el 1 i
i o] stk i AneFANE n,,, %, 7 A%
o EIe] 17} QA el FPEAR B4 A4S
AHgtsiek

V. A|S8|o|M Zin

3740l 4] Aeksr thE

g4 2
ST A

3 AlEdEolAS s Hlo]A 78 i5-104002F
GTX 1660 Tio|™ MATLAB _i'lfgm 2020a A S ALES
Atk Al B ol 7] AL 129 2o, Al EH ool A&

7 A 252 20l 4 A B,
938 20mx20m 718 BAZKE GelolA F 29] 271
2712 ol gte] AFelol i ATt Atoln] 712 A% W
sl nhE 3% Bre] 914 EEARE LRI o, y HE
o EEA] TS A 0m AE ol e FBL Fol
7) 9180 3% B2be] ghe AL B9l Azl Lol A 9
2 FEAA7L Aok s Hel ek ek 4] A%
7 F7VaSE TR 59 glol HokAm of 029 %S
PR B o)A B ARG ARG AR S
Fst] o)z 7] Selo] FwsA 4 W vl Fel A

"=
o] yehd = AleE v dhtk

HEEIL

0 %0 100

1 20 P 4 5 6 70

2t [sec]

=0.1N ¢ =02N

Al 2} [sec]

@) ¢, (b) ¢, =0.2N ¢, =04N



0 s 8 70 B0 90

Al2} [sec]

(©) ¢, =0.3N ¢, =0.6N
a8 3. &4 A #sjl e
Fig. 3. Damping Coefficient

Deviation of Position

w s 60
Al2F [sec]

(d) ¢, =0.4N ¢, =08V
Fel7lel fIx| EEHAL

Change into UAV’s Standard

™ s w10

X 3. SHIFIER AlSeo|MoAMe| T
Table 3. Result of the Formations in Monte-Carlo

gd 2

Simulation.
A B
Performance
Mean Std Mean Std
Convergence time (s)| 26.94 3.66 37.77 8.92
Packing Density (%) 71.91 3.01 64.83 2.97
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