
 

 

 University of Groningen

Angle Rigidity Graph Theory and Multi-agent Formations
Chen, Liangming

DOI:
10.33612/diss.169592252

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Chen, L. (2021). Angle Rigidity Graph Theory and Multi-agent Formations. [Thesis fully internal (DIV),
University of Groningen]. University of Groningen. https://doi.org/10.33612/diss.169592252

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.169592252
https://research.rug.nl/en/publications/7e8bf326-113c-4a01-94d7-9a7bbbfef9d4
https://doi.org/10.33612/diss.169592252


Summary

Rigidity theory has been studied for centuries, dating back to the works of Euler
and Cauchy. Motivated by the challenging formation problem where a vehicle
cannot measure positions or relative positions but some angles, this thesis proposes
angle rigidity graph theory in 2D and 3D and uses them to develop angle-only
formation control algorithms. We first develop the notion of 2D angle rigidity for a
multi-point framework, named “angularity”, consisting of a set of nodes embedded
in a Euclidean space and a set of angle constraints among them. Different from
bearings or angles defined in a global frame, the angles we use do not rely on the
knowledge of a global frame and are with a positive sign in the counter-clockwise
direction. Angle rigidity refers to the property specifying that under appropriate
angle constraints, the angularity can only translate, rotate or scale as a whole when
one or more of its nodes are perturbed locally. We demonstrate that this angle
rigidity property, in sharp contrast to bearing rigidity or other reported rigidity
related to angles of frameworks in the literature, is not a global property since
an angle rigid angularity may allow flex ambiguity. We then construct necessary
and sufficient conditions for infinitesimal angle rigidity by checking the rank of an
angularity’s rigidity matrix. We also develop a combinatorial necessary condition
for infinitesimal minimal angle rigidity.

Using the developed 2D angle rigidity theory, we demonstrate how to stabilize
a multi-agent planar formation using only angle measurements, which can be
realized in each agent’s local coordinate frame. The desired angle rigid formation
is constructed by the Type-I vertex addition operation defined in 2D angle rigidity
theory. By following this vertex addition operation, we first design the triangular
formation control algorithm for the first three agents. Then, we propose the
formation control algorithm for the remaining agents to add the remaining agents
into the existing formation step by step. We have also proved the exponential
convergence rate of angle errors and the collision-free property between specified
agents.
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Besides the stabilization of angle rigid formations, we also study how to ma-
neuver a planar formation of mobile agents with collective motions using designed
mismatched angles. To realize the maneuver of translation, rotation and scal-
ing of the formation as a whole, we intentionally force the agents to maintain
mismatched desired angles by introducing a pair of mismatch parameters for
each angle constraint. To allow different information requirements in the de-
sign and implementation stages, we consider both measurement-dependent and
measurement-independent mismatches. The control law for each newly added
agent arises naturally from the angle constraints and makes full use of the angle
mismatch parameters. We show that the control law can effectively stabilize the
formations while simultaneously realizing maneuvering. Simulations are conducted
to validate the theoretical results.

Then, we develop 3D angle rigidity theory. We show that the resulting angle
rigidity is not a global property in comparison to the case of 3D bearing rigidity. We
demonstrate that such angle rigid frameworks can be constructed through adding
repeatedly new points to the original small angle rigid framework if one chooses
angle constraints carefully. Based on the classic distance rigidity results on convex
polyhedra, we investigate the angle rigidity of convex polyhedral angularities. The
angle rigidity matrix of an angularity in 3D is also defined. By using the developed
3D angle rigidity theory, the formation stabilization algorithms are designed for a
3D team of vehicles to achieve angle rigid formations, in which only local angle
measurements are needed.
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