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Abstract: The hierarchical structure design problem for multi-agent consensus is investigated for optimizing the group
cooperation performance. The possibility of finding a hierarchical structure with better performance for multi-agent con-
sensus under given physical topology constraints is discussed. According to the convergence time index of consensus, the
hierarchical structure design problem is then converted into an optimization problem involving the Laplacian eigenvalues of
all subgraphs in the multi-layer hierarchical structure. A two-layer structure design algorithm is developed by transforming
a connected graph to some vertex-induced subgraphs and their interconnection graph. Based on this algorithm, a multi-layer
hierarchical structure design algorithm is derived for multi-agent consensus under given physical communication topology
constraints. Moreover, numerical simulations are provided to demonstrate that the consensus velocity can be improved
effectively by the developed hierarchical cooperation scheme.
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Fig. 1 A graph of hierarchical structure
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Fig. 2 The physical communication constraint topology
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Fig. 3 The two-layer hierarchical structure based on Fig. 2
(The black nodes perform consensus cooperation
on the first layer, while the grey nodes take part in
consensus cooperation on both layers according
to the hierarchical cooperation scheme)
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Fig. 5 An example to illustrate the basic course of hierarchical topology design
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Py =P
Sn =S
End
End
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Fig. 6 The topology graph of the system
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Fig. 8 The hierarchical structure obtained by executing

AlgorithmApy for system in Fig. 6
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6 451 (Conclusions)

A IE R 2 B RGN —BUEUME, R T
DA R A — B IO B B AR 2 E M b
2y Al o V= B a s s R e RS o] e R ETE
b, KR SR R — AN KT RA S
FEAEAE B AL 10) R S8 A Az A ) R, 3R H T
—ANKEE B A T R R TR e
B SCHR I I XUZ 4R+ S5 M et B2, TR
FE A A T 2 RIS SR o B,
TEH 2R Be A BB S 2RI RTIR T, Bk vt ik
Mt R A — B RS A Z IR /D
R AW — B R2, Ak R4
B — BSOS IR, AT S — e R LR
TR R AR 52 ZIE HR G 2 A9
.

S X ik (References):

[1] Kikig, KR, KK, 5. 2B REREEIT R 3], #5]
FE 5N, 2015, 32(4): 421 — 431.



oM

JEARDEAE: 2B RER RS —BUERIBI Gk it

1199

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(GUAN Yonggqiang, JI Zhijian, ZHANG Lin, et al. Recent develop-
ments on controllability of multi-agent systems [J]. Control Theory
& Applications, 2015, 32(4): 421 — 431.)

HORLING B, LESSER V. A survey of multi-agent organizational
paradigms [J]. Knowledge Engineering Review, 2004, 19(4): 281 —
316.

PAULUS M, KRISTOUFEK L. Worldwide clustering of the corrup-
tion perception [J]. Physica A, 2015, 428: 351 — 358.

ZHOU Z, LIN S, XI'Y G. A fast network partition method for large-
scale urban traffic networks [J]. Journal of Control Theory and Ap-
plications, 2013,11(3): 359 — 366.

DAMBA A, WATANABE S. Hierarchical control in a multiagent sys-
tem [J]. International Journal of Innovative Computing Information
and Control, 2008, 4(12): 3091 —3100.

ARENAS A, DIAZ-GUILERA A, PEREZ-VICENTE C J. Synchro-
nization reveals topological scales in complex networks [J]. Physical
Review Letters, 2006, 96(11): 1 —4.

CLAUSET A, MOORE C, NEWMAN M E J. Hierarchical structure
and the prediction of missing links in networks [J]. Nature, 2008,
453(7191): 98 - 101.

OLFATI-SABER R, MURRAY R M. Consensus problems in net-
works of agents with switching topology and time-delays [J]. I[EEE
Transactions on Automatic Control, 2004, 49(9): 1520 — 1533.

SUN J, BOYD S, XIAO L, et al. The fastest mixing markov process
on a graph and a connection to a maximum variance unfolding prob-
lem [J]. SIAM Review, 2006, 48(4): 681 — 699.

XIAO L, BOYD S. Fast linear iterations for distributed averaging [J].
Systems and Control Letters, 2004, 53(1): 65 —78.

KIM Y, MESBAHI M. On maximizing the second smallest eigen-
value of a state-dependent graph [J]. IEEE Transactions on Automatic
Control, 2006, 51(1): 116 — 120.

SHAFI S Y, ARCAK M, GHAOUI L E. Graph weight allocation to
meet laplacian spectral constraints [J]. IEEE Transactions on Auto-
matic Control, 2012, 57(7): 1872 — 1877.

ADAM E, MANDIAU R. Roles and hierarchy in multi-agent orga-
nizations [C] //The 4th International Central and Eastern European
Conference on Multi-Agent Systems, CEEMAS 2005, number 3690 in
LNAI. Hungary: Springer, 2005: 539 — 542.

WILLIAMS A, GLAVASKI S, SAMAD T. Formations of formations:
hierarchy and stability [C] //Proceedings of the American Control
Conference. Portland, OR, USA: IEEE, 2004, 4: 2992 — 2997.

HU J, CAO J. Hierarchical cooperative control for multiagent systems
with switching directed topologies [J]. IEEE Transactions on Neural
Networks and Learning Systems, 2015, in press.

TANG Y, HONG Y. Hierarchical control design of nonlinear systems
based on approximate simulation [C] //The 2012 12th International
Conference on Control Automation Robotics and Vision (ICARCV).
Guangzhou: IEEE, 2012: 566 — 571.

SMITH S L, BROUCKE M E, FRANCIS B A. A hierarchical cyclic
pursuit scheme for vehicle networks [J]. Automatica, 2005, 41(6):
1045 — 1053.

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

TSUBAKINO D, HARA S. Eigenvector-based intergroup connection
of low rank for hierarchical multi-agent dynamical systems [J]. Sys-
tems and Control Letters, 2012, 61(2): 354 —361.

EPSTEIN M, LYNCH K, JOHANSSON K, et al. Using hierarchi-
cal decomposition to speed up average consensus [C] //International
Federation of Automatic Control (IFAC) World Congress. Seoul,
South Korea: IFAC, 2008: 612 — 618.

EPSTEIN M. Managing information in networked and multi-agent
control systems [D]. America: California Institute of Technology,
2007.

WANG W, WEN C, LIZ, et al. Hierarchical decomposition based dis-
tributed adaptive control for output consensus tracking of uncertain
nonlinear systems [C] /2013 American Control Conference. Wash-
ington, DC: IEEE, 2013: 4921 — 4926.

MARTIN S. Multi-agent flocking under topological interactions [J].
Systems & Control Letters, 2014, 69(3): 53 - 61.

MAIDENS J, LI M Y. Global Lyapunov functions and a hierarchical
control scheme for networks of robotic agents [C] /2013 American
Control Conference. Washington, DC: IEEE, 2013: 4050 — 4055.

SELLE C, WEST M. Multiscale networks for distributed consensus
algorithms [C] //Proceedings of the 48th IEEE Conference on De-
cision and Control, 2009 held Jointly with the 2009 28th Chinese
Control Conference, CDC/CCC 2009. Shanghai: IEEE, 2009: 4753
—4758.

LI X, XI Y. Hierarchically decomposing multi-agent system to accel-
erate group consensus [C] //Asian Control Conference. Kaohsiung:
IEEE, 2011: 347 — 352.

LI X, XI Y. Double-layer topology design based on physical com-
munication network [C] //The 13th International Conference on
IEEE Control Automation Robotics and Vision (ICARCV). Singapore:
IEEE, 2014: 925 —930.

ZHANG Z, WANG Z. Mining overlapping and hierarchical commu-
nities in complex networks [J]. Physica A, 2015, 421: 25 — 33.

FAX J A, MURRAY R M. Information flow and cooperative control
of vehicle formations [J]. IEEE Transactions on Automatic Control,
2004, 49(9): 1465 — 1476.

MOHAR B. The laplacian spectrum of graphs [J]. Graph Theory
Combinatorics and Applications, 1991, 18(7): 871 — 898.

Ve A~

FERBE  (1946-), 5, RiRATEAE ARG, BRTHTR

RIS S N KRGS 5N, E-mail: ygxi@sjtu.edu.cn;

e

(1980-), %, HRERAE RBE SRR, Bl

WEFTT ) o 2 58 Re Ak R 48 o3 A SN WME TR 1 5 O04K, E-mail: x1li@dhu.

edu.cn.



