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Challenge:

* Goal: Create a mathematical
framework for T&E of safety-critical
CPS, unifying formal methods and
real-time constraint satisfaction

* Guarantee safety for highly
dynamical systems operating in
uncertain environments

* Demonstrate formal concepts

Mid Level:
Trajectory Planning

High Level:
Decision Making

Low Level:
Control Actuators
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Scientific Impact:

 Safety-critical paradigm across all
layers of CPS

* Unifying framework to handle both
discrete and continuous state and
actions occurring at different loop
rates common in CPS

* New paradigm to unify methods that
are typically developed in isolation
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* Developed hierarchal multi-rate
architecture with different model
abstractions at each layer

* Leverage recent advances in nonlinear
control, robust predictive control, and
MDPs to guarantee safety across layers

* Allows for both synthesis of provably
safe controllers, and T&E of existing
controllers across all layers
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Graphical representation of multi-rate architecture and its

application to a search mission with robots emulating the Mars rover.

Broader Impact:

e Guarantee Safe behavior on

complex CPS: from safe synthesis
to T&E

* Critical for industries deploying
autonomous systems that are
safety-critical: autonomous cars to
space exploration

* BPC plan: leveraging Caltech WAVE
program to increase
representation: 2 WAVE fellows
this summer.

* Potential Impact: single test to
evaluate safety-critical CPS



