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Project Goal
Generate tools for systematic analysis and 
design of computationally aware algorithms 
in cyber-physical systems.

Design and Application of Cyber-physical systems

 Tight coupling between computation, communication, and control in the design and 
application of cyber-physical systems (CPSs)

 When system plants are complex, predictive strategies require the use of accurate models 
with higher computation times

 Timely decisions are required

Thrust 1: Mathematical Framework for 
computationally aware CPS
Approach:
Employ hybrid dynamical models to capture the 
behavior of cyber-physical systems
and their components

Physical Component of the CPS

Cyber Component of the CPS
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Intellectual merit

Path Following for Autonomous vehicles
Goal: Achieve obstacle avoidance with timely response for 
vehicle control.

Continuous dynamics of the CPS have to be discretized, 
leading to 

 Mathematical framework for computational limitations of CPSs
 Novel architectures that consider computational limitations to switch 

between controllers

 Deep understanding of the conditions for stability for 
computationally aware controllers

 Tools and design techniques that permit engineers to deploy 
computationally aware controllers
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Only rarely the model of a CPS can be approximated such that the 
modeling error is negligible. We are faced with a complex tradeoff: 

Should one select an accurate model for prediction, which will take 
longer to perform the optimization step? 

Or should one choose a less accurate model for prediction, which will 

return an answer sooner, but one that is likely far from optimal?

Driving application Safe and Robust Integration of UAS in the National Air Space
A key issue of scale in the NAS is the number of vehicles that can occupy a region. Approaches to Sense and Avoid (SAA) can 
improve the ability of individual aircraft to avoid violations of Minimum Separation Infringement (MSI) zone, and the 
Vertical Separation Minimum (VSM) standard. However, what models are used to establish controllers for these zones, 
and an ability to predict the potential flight paths of other vehicles when navigating?

Technical Approach

Technical Objectives
1. Design tools capable of accounting for 

computational capabilities in real-time

1. Design hybrid feedback algorithms that 
include more accurate prediction 
schemes exploiting computational 
capabilities, within the time constraints.

Outreach 
 Computational-aware control design tools
 Collaborations with the University of Bologna and NASA

 Science and Internship Program for high school students
 REU program for undergraduate students

Broader impacts

Thrust 2: Generate synthesis methods for 
algorithms considering computational 
capabilities of CPS 

Thrust 3: Generate tools to design algorithms 
to adaptively select an appropriate CPS model

Approach:
Consider multiple models of continuous dynamics of 
the CPS and, for a given computational model, design 
algorithms that incorporate computational constraints

Approach:
Study the stability of the system under input 
perturbations, where the perturbation models the 
premature termination of the computations

Measure of the mismatch between the physics of the 
system and the approximation provided

Study the solution of the optimization problem
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Select approximations to achieve sufficient accuracy, 
considering time constraints

Results

Approach
1. Vehicle control uses a predictive strategy (MPC) that creates a
control input based on state observation (and prediction)

2. Uncontrollable divergence (UD) metric, quantifies the
divergence between actual state and prediction

3. A hybrid strategy switches between predictive models such that 
the UD is minimized

Obstacle avoidance results

Set-Based Predictive Control for Collision Detection and 
Evasion
Goal: Predict inbound dynamic obstacles and guide a vehicle 
towards a target while prioritizing safety

Approach
1. Consider a set-valued predictive control strategy where sets are used 

to represent uncertainty effects on the system. 
The new state is                          with     disturbance parameter and     

is the unit ball.  The set-valued system is
for                        ,

Consider the constrained continuous-time plant to be controlled

Robustness of Model Predictive Control (MPC) to 
Computational Errors
Goal: Overcome bounded computation time in MPC using hybrid 
systems tools and their robustness properties

Approach:
1. Use hybrid systems tools along with conventional MPC methods to 
derive closed-loop stability.
2. Model computational errors (asynchronous timers, data dropouts) 
as perturbations to the closed-loop hybrid system
3. Invoke hybrid semiglobal practical stability results for nominal
robustness, conclude that MPC can tolerate small computational 
errors.
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and algorithms need to compensate for discretization error.

GoalObstacle

2. Find a sequence of input 
sets, such that the solution 
satisfies the constraints, 
which   include  avoiding 
the obstacle, and 
minimizing a cost to reach 
the target.
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