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Controllability of heterogeneous networked systems for
multiple unmanned aerial vehicles
CHEN lJi-wei, ZHOU Rui, WU Jiang

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: We investigate the controllability of heterogeneous networked systems for multiple unmanned aerial vehicles
(UAV) which are distributed-cooperatively controlled in the leader-follower configuration and with the local distributed
communication topology. On the basis of the homogeneous networked control consistency, the dynamic models of the
multi-UAV networked systems are obtained. The algebraic graph theory and the traditional control theory are respec-
tively applied to each form of dynamic models for obtaining the controllability condition, and the relations between the
controllability and the communication topology in the networked systems. Feasible methods for improving the system
controllability are also analyzed and presented. Finally, numerical examples are provided to illustrate the correctness of the

proposed methods.
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1 5|3 (Introduction)
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Fig. 1 The heterogeneous multiple UAVs network with
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2 KAl (Graph theory preliminaries)
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3 ZT AP 3 & #E A& (Dynamic mod-
els of the multiple UAV's network)
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4 AT & 4t v] #2 ¥E (Controllability of

the simplified model)

4.1 ARSI E R I AR B 43 T $5 2 (Control -
lability analysis by the traditional control the-
ory)
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Fig. 2 A controllable multiple-Leader system

3|3 34
ENOAILIELS

HiL2 Li(G)HORHER= RGEA T,
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Iy

L(G) "5 Le(G)A5 Al )5 1 M 56
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R, AHERARIE.  IERR.
4.2 B 1A FE 5 i & 48 W] #% #% (Controllability
analysis by the graph theory)

R R G AT AR R 2 AT S I 2 G A ) e
RePEER IR, JE T S AT
4.2.1 HLeader™ % i) 7] % #£(Controllability of

single-Leader networks)

EX 1 HLeader R 48k TLeaderkf # i€ X:
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Fig. 3 A single-Leader network which is Leader asymmetry

and uncontrollable
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PER) A R, 515 B G 25 FIPE Be IR AL, RII
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R, R W IEATEEN]; 45 R G0 Leader SXFR, &
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Fig. 5 A complete graph
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(a) LeaderfEAT-f{ & Al

(b) Leader{\ {E{7 & 3AA N
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Fig. 7 Two paths

5 e AL R 4t ml $% P (Controllability of
linear model)
5.1 %kt R #  2% [#) B] 45 P (Controllability of
linear homogeneous networks)
XL [R M UAV N 4540 R 4, HLRANUAVH
SRS ], 47 HORA AR S Lt 1), W
ANtk AT 4 fi(at, t) = cxl, pji = Mg = 1, B
W RGELRIEA(DFE A
a¢(t) = (eI — L)xe(t) — laue(t). 3)
h T R RGN RRE I, R RS R,
Wi el — Ly, W] e e e 515
EHE 3 UchHHN, REQ)S REQFH T
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52 21 4 M 4% ¢ W] 8 P (Controllability of

linear heterogeneous networks)
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P4, UEEE,

L5 X HlLeaderR4, ¥ AL A5, C —
Le R EAR H. 5.
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M. BB = 2 W+ cun 5t BT AT
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EHAT ARG, X5 CE&r .
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vala e PEAH K.
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&P R G Leader W R K] 58 SR :
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HJlg = lg, Jerh g2 — JUH0801 78 3R iR H.
FEATREHIHS AT 1A RO TT 5.
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B RS . Leader b j& 2 Leader 1 TR #5 /& AN 1T 58
1.
HiL7 HRENNE, RYA—E 2 Leader
ASKERRIT.
6 IEZR MBI () F 4 ] #5244 (Controllability
of nonlinear model)
X 2 AT 4 R4, 18 HFollower RS A%
AT f; (8, ) A2 AR L 1 HASAR A, I
:i'f(t) = F(a?f, t) - Lf.’Ef(t) — lﬂUf(t), 5
K F(xe,t) = [fi(zet t) - v, ).
BT fi (2, ) #2 AE L MR 1, R ARt R 4
BB AHZ RG] MR T 44T
I3 508 3T R4
i(t) = f(z,t) + A(t)z(t) + B(t)u(t),
e (o) S A L A R ()R
B(t) 25 BOESE, Rk
H= LT &(T,7)B(r)B'(1)® (T, 7)dr

JEARZF S, HXTPATEIEH B, d, FAE—AM
> 0, ffif3|z|| < M, t € [to, T, Wi el f(z, t)|| +
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B, A 15 R GRS BEAETI 2 Mto I 20 o B 7
Fo.

HEIE 8 X RGOS, 4 LL N AAF AL

1) ZVERGae(t) = —Lyae(t) — lgue(t) 1L
Ab 58 4x Al 5

2) ¥ TIE% Mo, d, HHEM > 0, 2] <
M, t € [to, 1], Wi Lc || F(ze, t)|| +d < M; WA
Gi(5) 5.

XFFHEIRS, S AN S b i T A o
G M4 R AT B, i 524 S A2 X R
R (b, ) — MR BUE L R, R %R %
S RGEG) TR AR LA, AR T ARG
I B I — AN B Fe 40 4 0, 40 T AL
SRR

HIE 9  WRLEG), LR &AL

1) MRS ae(t) = —Leae(t) — laus(t)fEL AL
SEA T,

%) F(:Uf,t)%ugii@ia—ﬁﬁﬁ;

3) F(0,t) = 0;

W ZR G(6) 4 A T .
E 55135 UE B AELL, i Schauder A8l 2

PERTUE B 5 ] R EUR A A, BNIETS R GE ] 5.

X ARG ME R GE(5) I AT F PE o3 Ar A AR Ze k8 oy
AR BEAL b, RF 2tk B 0 hn A2y A B — A
FEIFFAY, T TIEAG B — A 78 B U A
AR SR R I R R IR DL S ZE AR ST
T2
7 B R G0 5 PEHE i (Methods to improve

the controllability of the systems)

I I TR BT A5 1R W] A, A RS I A b T
PAT AR R GE IR ] 45k AN gt 190 6% 32 ek 5 5
I, M1 PR, 564 B AN a4 (R i i A
o3 AN 1) X 35k, 7 - Leader 52 48 AN 4
FHEAN . MOEBEAE P RE I RG] .

A5 4 8], r1% 564 B, AT LL LA Leader A 2
06 IR PR ki, HAR I 2, TE R 2% i FA 1)
ESIOEZEE (e = ANV &S 3 I E =R 2y
ZUAV M 28 P [REAS h4h, HIn ek, e
(*)Leaderfi & 1 7] DL o35 5 G0 I mT 42 %k, H 17 1T
(4518 AT %1, LeaderXf BRo {19 R G A AT 2, (A1t
A Lk FELeader R B AT 15 &R ZiLeader A0 FR, M
M3 RG] k.

A T )P MR B A1 R G n . X T
R, A ji, Mg 7T AU RGE ) R G
JREL A R4 i R

LS (f, ) A2 2 R IR 17 0 S 10, 3R e vl A 7 4
Ty = A(Gf,G])aZf + B(Gl)Uf, H EF'A(Gf,Gl)ﬂ]
B(Gh) 43 5l Follower?s fill 2 48 85 11 1) 5 48 40 b
Ry hIAE e, HAKH T Follower Z 0] (A5 #1 4M G
L K Leader 5 Follower 2 [i] (I8 A5 #h $h G, Hi i m]
PUA H, SR ] LS A(Gr, GY), B(GY), M
Al DU B R S8 v #5210 H 7).

8 SEHI#{E 17 B (Numerical examples)
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00 -2 1 fl ) M)A 50 A7 AE — Le
00 1 -1 0
—0.5257
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FHIE 7] Ho 08507 fifgot -1y SEplA]
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Fig. 8 The state response curves of the system with

different inputs
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process of the control system

9 #Eif(Conclusions)
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