
The objective of this project is to lay the foundations of powerful control-theoretic
methodologies to detect and mitigate transient instabilities in swarms and deployable
structures.

Transient instability in swarms is defined as the phenomenon of increasing-amplitude
oscillations within the swarm that leads to inter-agent collisions, in spite of the swarm
being asymptotically-stable in its steady-state. We developed a mathematical
framework “theoretical tool” to detect transient instability.

Simultaneous guarantees for dynamic stability, in the Lyapunov sense, and collision
mitigation in autonomous formations are challenging to obtain. A Transient Trajectory
Controller (TTC) incorporates a novel projection operator-based collision-free
trajectory generator, and tracking controller, that modifies the transient dynamics to
prevent collisions between agents. This architecture can simultaneously guarantee
dynamic stability and transient stability in swarms. The TTC architecture is also
robust to bounded persistent, and unmodelled disturbances.

In Year 2, we focused on the dynamical behavior of deployable booms and the
important challenge of avoiding collisions between boom’s structural elements or
with other parts of the spacecraft, that can potentially have serious consequences.
We define this kind of collisions as “transient instabilities” in deployable booms. A
new paradigm to tackle these issues was developed, using techniques from multi-
agent/swarm literature like transient instability prevention methods that avoid inter-
agent collisions. We have adapted these techniques to deployable booms to
guarantee safe deployment of booms and avoid collisions. We also present
computational simulations of boom deployment in order to validate our techniques
and demonstrate its use for future space missions.

An initial unstable deployment is simulated, switching off the control function,
resulting in inter-segment and segment- spacecraft collisions, with a constraint ratio
function constantly exceeding the limit value of 1 for transient stability, as observed
in Fig. 4.

By contrast, if the control function is switched on, a fully stable deployment takes
place as it can be observed in Fig. 5. Specifically, it can be seen how the constraint
ratio function always remains below the limit value of 1, thus fulfilling the theoretical
framework provided within this work, as well as the stiffness and damping values of
each of the hinges are varied automatically over the simulation period to achieve the
transient stability property of the mechanical structure.
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Figure 1. Dynamic Stability and Collision Mitigation Control 
Architecture, called Transient Trajectory Controller (TTC) 

Figure 2. 100 Agent Serial-Chain with TTC disabled, 
which leads to inter-agent collisions 

Figure 3. 100 Agent Serial-Chain with TTC and “Ripple-
Communication” Enabled 

Figure 4. Non-controlled structure deployment Figure 5. Actively controlled structure deployment 
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