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ABSTRACT

This study proposes a robust formation flight control technique of multiple unmanned
aerial vehicles(UAVs) using behavior-based decentralized approach. The behavior-based
decentralized method has various advantages because it utilizes information of neighboring
UAVs only instead of information of whole UAVs in the formation maneuvering. The
controllers in this paper are divided into two methods: first one is based on position and
velocity of neighboring UAVs, and the other one is based on position of neighboring
UAVs and passivity technique. The proposed controllers assure uniformly ultimate
boundedness of closed-loops system under time varying bounded disturbances. Numerical
simulations are performed to validate the effectiveness of the proposed method.
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Table 1. Waypoints for 3 UAVs (m,m)
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UAV1 (90,65) (30,210) (-=20,50)
UAV2 (50,70) (10,160) (-40,100)
UAV3 (70,35) (50,190) (0,50)

G714 i et 2o,
Tp = min{)\l,/\g,)\5}

& duf W =37t S
S 9rlslEE HIFTAHOZE e, €,9] uniform

ltimate boundednessE X #3hc},

4
o o2

V. =% AlE8olM

B FoMe £ AEdolAS T3 Agtd
T3 A7y B dE fE e
T3 71 Al g 3o FRlVE 7HAE
o o]FojX|H, Table 1914 HoH HEE 3}
Hog FF3m wPNES o] F=F A 3tk
[6]. FA7IE9 2712 da 2o
Q7] 1.
[1’1 3/1] [40 60]( )
(Vi o] = [50k:m/h50"]
2el7] 2.
[352 1/2] [0_70]< )
[ Vy 9] = [40km/h400]
2171
=[—30-60](m,m)

3.
[333 93]
[ V3 3] = [45km/h 70°]

3 7158 e e ved 22 A7

S st 74l
7 ARE AW 9de wEAT
01 = 3cost, 0y =sint
Qs T 2 PY AEEe Av=
AL 05g2 743 Alojo]5L tea 2ol
AA s

K, = diag{0.60,0.60}
K, = diag{0.07,0.07}, K; = diag{0.12,0.12}
D, = diag{0.28,0.28}, D; = diag{0.03, 0.03}
A = diag{—1.00 — 1.00}, ¢ = 0.01, 6; = 3.10

N,

o
f s

o 2
i ofr

ol
on, o o

e

%0,

fr

ot

to zo, i

4 1
]
9|L

S Mo o by 2
1o 2 u% b1 2 e
o
=

o,
3R
o
[
e
°
o
aS)
o
K
o
QL
N

2!

£
2% J
IS
te
ot
ol

ot

24

N
2
W
rlo
N
®
42 4o
O,
N
il
lo
b
ol
o
H
i

o)

s Ao} Al AT E HaFT, o
2]

?lﬂ'

o

)

DA% e rr {1 rfo op

v

ol

H

M
o=
o)

o2

2o

N do S

)

i

fr

po)

I (o

ft

e

o)

2

0,

s

W), sIRel EAA e Aok €
Y o)t 31743}71 Al U B Aoy
A]—%o}_ﬂ =
o] tﬂi}*}ﬂ ‘i}%a Fad 5 3l
F1gure 4~62>
o]—X] ok, passw1ty:=: 283 A7
=

myl o

E
g
o
N
il
1o
4
i
o
H
Ll
it

=3
o -
H'U il
iy
il
1o
=

ilﬁéEHi =
%XH‘B;}OHE %;Ls}z TZH ol FA

et
¥
¥
2 8
2
N ok
X
= K
B =
i ,
AN
Fow 2 po po ox <y N (R o O

fru
i)
S
ol
Wi g
ik

e
o

2_4

4o ¢

=
>0 E
>~ lo
S
o u
PUR
flo ol
» %
= 0
2
N

X
2
L %
0.
RSN
AN o
29 o

(o]
Iy
1
o
f
il
)
i)
=
=
- l'UlO
oft
rot
e
o

X

2
5

ez
aQ

QA

i,
]
+
32 o
o
+

A%
=
e
N
offt
ox, o

xquoz ST/ EA 2
o] vmgS A = U
Figure 59} 62 Ao 7]%H(
Q7] = 2 §dZ
e Holfoh A7y (14)°] 2
A, Ao17IH 19 THH 9
3 U5 B2 Aoddge Abgsta e
wet S5 9 gt FEe] W

8 4= gtk s, AA H O
Aol A

g
)
Lo
=
:{o
R
olN
N
o
l‘lr
)
2
N
g e
2
o
N
2
o
4

—
>
Tl
o e
oo

Lo
olo
a
N
2
Lo o o

~

¥

off Mot 2 Ho

[\ rE
r{r ¥

Age slgte] £



43 & 10 R,

o

2015. 10. o $91719] 9] 719 2 v Aol A 865
Without uncertainty With uncertainty
250 WP2 250 WP2
2
[
200 200
150 L] NPT S S % :
. 100 ) 6 ) o
E g ./
- w0
A /
0 0 WP3
4/-
_50 -50 -
_ T x
—100 T Start points ~100 T Start points
-50 0 50 100 -50 0 50 100
X (m) X (m)
a) b)
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