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Autonomous Formation Flight Tests of Multiple UAVs

Yongkyu Song*, Changhwan Heo**, Sangjun Leex* and Junghan Kims:*

ABSTRACT

In this work, autonomous formation flight tests of multiple UAVs are
experimentally studied. After a guidance and control system for a UAV is designed
and tested, PID formation controller for follower UAV is tested using longitudinal and
lateral distance feedback. It is shown that more stable and efficient formation guidance
system is obtained by using position and attitude of the leader aircraft, which is
exploited to calculate virtual waypoint for follower. In order to improve transient
response during turn, part of roll command of the leader is added to the guidance
command. Finally, autonomous formation flight test results of 3 UAVs are shown by
using the best guidance algorithm suggested.

x =

ATFAAE FAFT/Y A PS ANA WA B FAFFIIe] ARA A
Aol BEAE EFehis FEACI 2D AA As

2 WA Awsle] 91 Yug o8t Uwssh FE/12e ARAG #S A
gEwstel wldelRAeld A%E welFrh mrh gHolw Yol 5@ Ao
B Slste] His19) ARk A ug ol gatel £} deblord AR

v
2 AAztoE AN ol & wFozstel 2Ft B lES FE B3PS A4t
HaAlolE s, me AEsle BRPARE FE719 A% mvgegoﬂ F7hstel A
MW S PN S 9SS welEth oldd P ole b A Bat WA
@ Ane BAse] QneEe 4 AASE B Agor vt 49He Yoo
A% Aoy FnelZe APt AFHo2 AN /WS o §3tel 39 TG
3712 A el Arl mAe FAF AE welFch

o3}

o

Key Words : Formation flight(FAth®]3l), UAV(
Flight test(¥] 8§ A1)

71), Virtual waypoint(Z7H374d=4),

¥

I.M &

= < = =) = [e]
g, A, B Fe e 22

=,
120093 12€ 169 H ~ 2010 2¢9 239 AARgts wolglg)e] Fgo| S ZrE 1 9=y FH
* A3, gl 33T EL ) AE s o th Eolatg el Ahu| s A|olo] T3k o] =
WA A A} E-mail : yksong @kau.ac.kr e 185 31 9 ob[178] He]u 3
e +99 AFE B4 QrHol0l A



438 & 3 9%, 2010. 3 =Y

A&e719] s A A9 265

FAZE7e drrde A% gAGHE 2F
al oeEe] FRIEE TS 86k ds @ st
PFrdS s Y 5 E9el mE vdd
2284, A9 & dHHd FHe 2
2 4 guH10]

B Aol s FRlgde e Adngs 9l
A oA gl ZFgrle] 7] Ao, a=Alef

S XEete FEAA TS AAAAS Al
H S Soto] S A% & o] A|~H

o w2 Hougs $ste WA Am7)
(Leader UAV)9] $14] ARE o] &3} A9
F%7](Follower UAV)ZH] ks A ¢ %9 A
g & FEwste] vlHuEAclg ATNE HoAFE
o Br} b A elal o] % Ay HYgS
st =719 fx|eF A BERE o] &3t
FE717F mErterd JPIARAES AAe R
sla ol& nigoRsle FF7|7t wpErhe
Bs st vlAAE sfa, =g

2
>

ki
ol

o
£

= fr O

o2
>

4

19 An gl §
e ool FAFE7)
of o mPAE 2

=Xk

et %79 AE FERYS
X
A

>.

B ns

%
i)
i
tlo Jo
et
2
=
2
o
rlr
o
1>

i

o L @ & HN 2 R oox I
2o
o
v
oﬁr‘?g
o

ol ot
§§ 2
o

ot

2.1 H|&A 27

Fig. 1< At AQ wlao] A5 F1a37]
3HE HoF 9,,19_U5|, oJEL wE ¥ ]9 =
a3t AFS 28k Ak

Table 1. The specifications of UAVs

Overall Length 2.3 m
Wingspan 2.5 m
Empty Weight 10.9 kg
Additional Payload 7.4 Kg
Engine 3W 48 cc (Gasoline)
Moment of Inertia l |:X;513',3’|X|ZY: 03.22

Fig. 1. Research aircraft fleet
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Fig. 3. Pitch Control Algorithm

6. Roll Angle Control Results
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Fig. 4. Pitch Angle Control Results
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Fig. 5. Roll Control Algorithm
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Fig. 9. Roll Angle Control for Turn

Flight Trajectory
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Fig. 10. Turn Flight Trajectory
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Fig. 13. Waypoint Distance Resulis
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Flight Trajectory

Fig. 17. Rectilinear Formation Flight
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