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1.1  Preliminaries

[1] M. Arcak. Passivity as a design tool for group coordination. IEEE Transactions on Automatic Control, 52(8):1380–1390, 2007.

[2] Oh, K. K., Park, M. C., & Ahn, H. S. A survey of multi-agent formation control. Automatica, 53, 424-440,2015.
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Formation Classification:  Based on the geometric variables that define 

the shape.
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Distance-based formation:

Bearing-based formation:

Displacement-based formation: 
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Input-state-output port-Hamiltonian model [3]:

[3] Van Der Schaft, A. and Jeltsema, D., 2014. Port-Hamiltonian systems theory: An introductory overview. Foundations and Trends in 

Systems and Control, 1(2-3), pp.173-378.
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Consider a group of N agents in       with an underlying connected graph 

. The dynamics of agent i are given by a double integrator model in 

port-Hamiltonian form. 

Objective: The whole group achieves a desired shape and each agent tracks a 

common desired velocity.

1.2  Problem formulation
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The structure of the controller
Control objectives:
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2.1 Passivity approach for displacement-based formation 

Velocity Tracking
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Formation control
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2.2 Passivity approach for rigid formation

Distance-based formation
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[4] Anderson, B.D.O, Yu, C., Fidan, B. and Hendrickx, J.M., 2008. Rigid graph control architectures for autonomous formations. IEEE 

Control Systems Magazine, 28(6), pp.48-63.
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Bearing-based formation
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[5] Zhao, Shiyu, and Daniel Zelazo. "Bearing rigidity and almost global bearing-only formation stabilization." IEEE Transactions on 

Automatic Control 61.5 (2015): 1255-1268.
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3. Simulation

Displacement: Four agents interconnected by a line (acyclic) graph and a

(cyclic) ring graph .

Distance and Bearing: Four agents interconnected by the following graph.
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Fig. 1  Evolution of formation errors in formation shape stabilization

a) Displacement-based formation (acyclic graph) b) Displacement-based formation (cyclic graph)

c) Distance-based formation d) Bearing-based formation 
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Fig. 2  Evolution of  velocity tracking errors
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4.1 Conclusions

2) Distance-based formation: Local convergence is guaranteed.

1) Displacement-based formation: Applicable to not only the acyclic graphs 

but also the cyclic graphs.

3) Bearing-based formation: Almost global convergence is obtained.

4.2 Extensions

2) Heterogeneous measurements and dynamics 

1) Angle-based formation.
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Thanks for your attention!


