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Formation Control of UAVs With a Fourth-order Flight Dynamics

«Y. Kuriki and T. Namerikawa (Keio University)

Abstract— In this paper, we first show that linearized model of UAVs like quadrotors is expressed as a
fourth-order system, and then, we propose formation control algorithm for the fourth-order system after
formulating problems. The proposed control law is based on consensus algorithm and a leader-follower
structure is applied to the control law in order that the leader can provide the followers with information of
target states. We also show that the proposed control algorithm can guarantee accurate formation keeping
when fundamental assumptions about the network which is composed of UAVs and a leader are satisfied.
Finally, the proposed approach is validated by some simulations.

Key Words: UAV, Formation, Consensus, Cooperative Control, Quadrotor, leader-follower

1 FL®IC

EAE, RVFE—=2VY AT LAOHHAKIE, Koo
F— A= a VI AMEIIRERFEHEZROTS
DU Z DGR, SAMZEE (UAV : Un-
manned Aerial Vehicle), ATHE, $AEKHKE, BE)
BT Ry NMEANDHEHAPMHFINTVWS. FIZRE
D UAV IZDWTIE, Quadrotor 2fF L TEVILF
0 —X—TIDMANEAY 2T ZHPEFEELEED T
BY, 2OV TINVIGEHEEENLT, ENEHWE
MEDPEANITONTVWEDARR ST, EhEEH 2
hEE, ATy b7 A —LFEOM®RE LT, B
IR I N T WD EDEH 507,

T, YAVFE—=2 LY AT LAOGHAGIEIZET 3
MIEIZOWT, FHHSIFEE (Consensus) & N—A &
L7z7 4 —A—vavOREIERD Y LTETWS.
CHA [8] T, v b — I REEITHAT L WD
FHEPHADFIEHA 2 R L, XER[9) Tl V—X— -
7T —iEERMMEL, €—2ERY) — X -z
BRLTTZA—A—vavaeERTIHEDZ2EEL
7. BEHEOPREUCELZGET VI ALER-A
& U DOWTIE, 1 RRDV AT LAENRE L
THIEPBRAIITONTEZE VW IBEE,S, X1
IV AEFERLUTOVIRN L RREZHIFIL L LT

UL U5, Quadrotor 248 UAV I —MRIZIE
A DXAF IV ZA%HFLTED, HR[9] TREL
7= FiE%E UAV ETUANIZE T 2 2 HDRRETH >
7z. £ I T, FHOITLFEFEH%ZHED TS Quadrotor
%% Z, BEKREZET 5 &, Quadrotor I& 4K
RDOYVAT LTRIITESD Z LIZHERL, STk [9] OF
BERRIYE, /7, V—X—- - T7xn7—EE A
T5ILT, 4 RATRIEI NS Quadrotor 137 * —
A=Y a vERFERT A ZRET 5.

ARTIE, £9, Quadrotor DE T IAL, HIMHEK
WKOWTHIAT 5. RIZ, ZOFE L ZREIZS LT
Quadrotor \Z# S 2 A ZRE L, T OHIEHID
U THDBZ L EIHT S, mEIZ, RBELZGIHEA
DEMEZBMHEY I 2L —Y a3 VIZK DRGET 5.

9513 [mIHEER PR E (2013 4E3 H 5 A~ 8 [ -« )

2 MIREERE

AEITIXHIEN R TH B Quadrotor DE FILAL, Hl
HHKIZDOWTHIAT 5.
2.1 Quadrotor D EFJL{t

AMTIE, HIERE LT Quadrotor 25 X, 4D
DTURFITHSIZHEAANZEZ D ZENTEED
D &9 5. Quadrotor i+ MEH A D & E—E TRIT
T5H0E LT, Zhuf@<Esikht, v—& -+
BEEUELSNITENRT S, /2, TaxRJTFI+HE
IBETHHDL LT, &E70RJIZHT2HENLIES
WO TaNRT PRI R 2 RET D ETOEN
LM T 5. Z0GE, I—HAOEEIIREI T,
BE, KEHNEE -ETEIHL CWBIGE 2 RHEY
L 72D Quadrotor DR - BERDFALE T VI (1)
KDL SIZERBTE S, ZZTORMEAIL, &Kll)E
DDE—AY MEFMETH5H, Quadrotor D 71~
T LB DRMZNERD S, ZOKME L DE—X v
MNMESHEPSETORI VPFETREHHEEAHTE
5. B, ZELEDEKIE Table 1D BHTHB.

T=u

y=v
it - : FE%R - :
0=4q ¢=p W
q= 1Mo p=1-M,

RIZ, Wil E LT, 0=—g0, §=—qgq, My =
—My, ¢=g¢, p=gp, My= =My ZEET S

(1) RRENTRRO L S 12D,

Tr=1u Y=

\ =0 U=

gl 70wl 070 @)
0=q p=p
G = M, D= Mgy

x50z, Hirnske L, r O =g oM =y, 5P

6, ¥ =g, 7"7(,0) =y, 7“3(,1) =, T@(,z) = ¢, r?(,g) =p
BEHL, HRLEREADEREKRELT, P =
[’/‘ék) T?(Jk)}T, k € {0,1,2,3}, ML' = [Mg M¢]T, 1€

SY0002/13/0000-0724 © 2013 SICE



{1,2,--- ,N} 2#E#&#T 5. ZOIK, (2) AD Quadrotor
DHER - BERIZOWT, (3) RDE SR AXKADY AT
LEB/BEIENTES. 22T N D Quadrotor %
EZX, AROHRFD i %, i BH®D Quadrotor 129 3
RECTHEZERDL, 72, AEDOIEIIM T
D DR ERT 5. ARTIX, Quadrotor Dift
R RPN OEREINDS (3) NIRRT 4RKROV AT
LR e 5.

0)

—
=
—

Tz( T
d| M r?
—| =| i , 1e{1 ,N} (3)
dt Tz@) TEB)
o
Table 1: Definition of Symbols
Symbols Meanings
z,y (m) Position (x-axis, y-axis)
u,v (m/s) Velocity (x-axis, y-axis)
¢,0 (rad) Attitude angle (Roll, Pitch)
p,q (rad/s) Angular velocity (Roll, Pitch)
My, My (Nm) Control moment (Roll, Pitch)
I,y (kgm?)  Tnertia moment (Roll, Pitch)
g (m/s%) Gravity constant
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