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Abstract of Thesis

Over the recent decade, distributed coordinated control in multi-agent systems has been intensively
investigated in various scientific disciplines, such as intelligent transportation systems, environment
monitoring, and communication network. For coordinated control in multi-agent systems, one critical problem is
to design distributed control protocols that enable all agents to reach an agreement on certain global criteria of
common interest based on the information states of local neighbors. This is known as the distributed consensus
problem. In this dissertation, the distributed consensus problem in multi-agent systems is investigated. The
design of the consensus protocol and the consensus analysis of multi-agent systems are presented. The main
work can be summarized as follows.

The consensus for directed networks of multi-agent systems under a fixed communication topology is
investigated in a general case, where the dynamics of each agent can be a linear system of any order, rather than
first integrators or double integrators. A distributed observer type consensus protocol based on relative output
measurements of neighboring agents is proposed. A model transformation approach is introduced to address the
consensus of multi-agent systems. By the model transformation, the complex consensus problem can be
converted into the simple stability problem of a set of uncoupling systems. The consensus tracking with a leader
is investigated, where the state of the leader is independent of the followers. Several necessary and sufficient
conditions are obtained for ensuring the consensus of multi-agent systems.

The consensus of multi-agent systems under switching topologies is investigated. Multiple Lyapunov
functions theory is applied in the consensus analysis under switching topologies. Two kinds of the consensus
problem under switching topologies are studied. First is the consensus protocol for switching topologies under
arbitrary switching. Second is the consensus protocol for switching topologies under restricted switching, which
is under what condition it is possible to achieve consensus by properly designing switching control laws. Several
necessary and sufficient conditions for switching topologies are obtained for multi-agent systems.

The robust consensus of multi-agent systems with external disturbances is investigated. By the model
transformation, the distributed robust consensus problem of multi-agent systems can be converted into the
robust stability problem of a set of uncoupling subsystems. It can be seen that the robust consensus under the
distributed protocol can be achieved, if and only if the subsystem with minimal robust performance index
satisfies the robust requirement. A multi-step procedure for distributed robust protocol is further proposed.
Several necessary and sufficient conditions are obtained for multi-agent systems with external disturbances.

The consensus of multi-agent systems with communication delays is investigated. Instead of the
conventional method based on the roots distribution of system characteristic equation of time delay system, the
consensus protocol based on the Lyapunov method is proposed. A novel Lyapunov function for multi-agent
systems with communication delays is introduced. Several sufficient conditions are obtained for the consensus of

multi-agent systems with communication delays.




FEAT
MXEEOKROEE R UMY H

K 4 ( Lizixi )

() K va
) T % 2 om ¥
O R - - N
SRS Fil 2% % 2 WO o e
Bl #& % =2 @ M Bt
BB EOHRENES

ZOELERXTIE, vATFT—Vxr NURT AOGHEBNEICE TS e hav s ZOfIIRREINL TV,
SEAEMEE T, VAT LAONEHEICB T 2BEELBEOIO>THY, £ TCHOZ—V=r b, TBOT—Yx
FOEHRIZEES &, BIEROFIRIZOVWTERIZET DI ENTED LI, SEEEOT e harikiitd 252 LT
b5, B, KRLONEITIMOT ¥ —FT VX aeELDZHLEDTHD.

KX T, ==Yz hOXA T I7 A, LREORBOBEL AT AT, EBROT—T = ORI Z LT
SHANCE S S BEBRIROA EMBEIZOWTHIT21To T\, £72, F0BHN, +74bb, =—Y = MNO®E
X, BAEOH b3y T —7BETERIN, BE MY -V TF =V b VAT AORBEREOIED
BRICOWVWTIHRTWS. 1ZUBIC, MESNE PR —2HNWLBEAICHONT, EFAEHRT Fu—F2koT
B A BRI Z IR A Y AT AOMOE EA L EERBEICERT 52 2 & T, ABEMEOIUREZH A~ (B3 .
W2, 2D bR U —2H 0 Bz 58 TH, vV F—T 2 VAT LAOREMBEIZB VT, Multiple Lyapunov
functions theoryZ AWVWAH Z & TN TAHZ 2R LTz (BB4%E) . 5T, GRS A2 Tor XX N EME
IZOWNWT Y, BEFAERICL > T, SHMABEMEZY 7TV AT AMIERL, ITEIT-72 (B5E) . K#%IZ, KRR
AT A, DFED, Ry NI —ZICWEEBNANFEILETL2HAICOWT, VT 7 7BEEE R 217 -7 (356
=) .

KimXOE#E, V777 7R AW ZEEMBITICABENEZERT 228 T, 0Dy, SELCREREN
DI Dk % 7238fE PR R U — AR o L ABBBICHTHNROREA 5272 L THY, vV F—V =V bV AT
DEREICHET 2HEDONL OO E R L2 8 i0h b, UEDZ e, KRTIHE+E (L% OFAEHT
ELTMEOH DD ERDS.




