


2

Melkior Ornik – mornik@illinois.edu



3

?

Melkior Ornik – mornik@illinois.edu



Melkior Ornik – mornik@illinois.edu

4

Partially/imperfectly 
observed past trajectory

Partial novel 
transition model

Conservative estimate of 
completable tasks

Nominal transition 
model

Design knowledge Physical laws

Before/during provably learning 
online how to complete a task

(and ideally getting less conservative)
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Change in dynamics
(e.g., physical damage)

Partial loss of control 
(e.g., adversarial takeover)

Actuator 
degradation
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For today: Nonlinear, continuous-time, deterministic (sort of – see later)
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H. El-Kebir, R. Berlin, J. Bentsman, M. Ornik. Viability under degraded control authority. IEEE Control Systems Letters, 2023.
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Wildness of system dynamics

H. El-Kebir, M. Ornik. Online inner approximation of reachable sets of nonlinear systems with diminished control authority. 2021 SIAM Conference on Control and Its Applications, 2021.
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Can use Lipschitz if needed, but can do better 
if more information is available

H. El-Kebir, M. Ornik. Online inner approximation of reachable sets of nonlinear systems with diminished control authority. 2021 SIAM Conference on Control and Its Applications, 2021.
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H. El-Kebir, A. Pirosmanishvili, M. Ornik. Online guaranteed reachable set approximation for systems with changed dynamics and control authority. IEEE Transactions on Automatic Control, 2023.
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Change in dynamics
(e.g., physical damage)

Partial loss of control 
(e.g., adversarial takeover)

Actuator 
degradation
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Uncontrolled system input
(not a disturbance)
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14J.-B. Bouvier, M. Ornik. Resilient reachability for linear systems. 21st IFAC World Congress, 2020.
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15J.-B. Bouvier, M. Ornik. Quantitative resilience of linear systems. 20th European Control Conference, 2022.
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The adversary chooses an input such 
that whatever the controller chooses, 

reach time will be large

J.-B. Bouvier, K. Xu, M. Ornik. Quantitative resilience of linear driftless systems. 2021 SIAM Conference on Control and Its Applications, 2021.
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J.-B. Bouvier, M. Ornik. The maximax minimax quotient theorem. Journal of Optimization Theory and Applications, 2022.

J.-B. Bouvier, K. Xu, M. Ornik. Quantitative resilience of generalized integrators. IEEE Transactions on Automatic Control, 2023.
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for linear systems
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Resilient Not resilient

J.-B. Bouvier, M. Ornik. Designing resilient linear systems. IEEE Transactions on Automatic Control, 2022.
J.-B. Bouvier, H. Panag, R. Woollands, M. Ornik. Resilience of orbital inspections to partial loss of control authority of the chaser satellite. 2022 AAS/AIAA Astrodynamics Specialist Conference, 2022.
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Change in dynamics
(e.g., physical damage)

Partial loss of control 
(e.g., adversarial takeover)

Actuator 
degradation
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Unknown function
(not a disturbance, 

not unknown parameters)
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All dynamics consistent with the 
current knowledge

M. Ornik. Guaranteed reachability for systems with unknown dynamics. 59th IEEE Conference on Decision and Control, 2020.
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Infinitely many 
(particularly parametrized) 
translated/dilated/rotated
copies of the same object

M. Ornik. Guaranteed reachability for systems with unknown dynamics. 59th IEEE Conference on Decision and Control, 2020.
T. Shafa, M. Ornik. Maximal ellipsoid method for guaranteed reachability in unknown nonlinear systems. 61st IEEE Conference on Decision and Control, 2022.
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Change in dynamics
(e.g., physical damage)

Partial loss of control 
(e.g., adversarial takeover)

Actuator 
degradation
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Complexity Validation

For what systems can we estimate 
capabilities? What capabilities can 
we estimate? What tasks can we 

complete?

But really… 
what can we do onboard 

during a disaster?
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J.-B. Bouvier, H. Panag, R. Woollands, M. Ornik. Delayed resilient trajectory tracking after partial loss of control authority over actuators. Preprint: arXiv:2303.12877 [eess.SY].

Wildness in dynamics

Adversary’s 
strength Delay size
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Another kind of 
side knowledge: 
no “full actuation”
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Ongoing joint work and demonstrations 
with TC3 team (e.g., GUAM)
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