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Research Task / Overview

mEnable a capability for verifiable and flexible complex system
behaviors

m Exemplar Application: multi-UAV mission
mExploit Formal and Flexible System Representation

. »deterministic + probabilistic modeling
Data & AnalySIS » patterns of disruptions

m Data Sources » pattern-driven responses

mDevelop formal methods-based approach for resilient system
and SoS design

mSupport SERC’s Systems Engineering and System Management
Transformation Research Area
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» Exemplar scenarios gY
m Resilience Contract Formalism mCombines formal and probabilistic modeling with heuristics
Known and Controllable Part Defined by Contract Assertions u AI‘C h Ite Ct ure C h ara Cte r| St | cS:
e » Layered: planning and decision making; control
L—Im"p"“:)" > Decisions and information flow from planning and decision
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» Execution constraints flow from control layer to planning and
Inputs « o .

_I decision making layer

S > In case of conflicts, global swarm objectives have priority over

aponica local AV goals
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Unknown and Uncontrolled “Hidden” Part Learned During System Use : E:E)t%rce trajectory — DEfIned RESIlIenCE Contra Ct formallsm tO balance SyStem
N e verifiability and system flexibility requirements
m Experimentation Testbed Architecture > Relaxes assertions in traditional contract to introduce flexibility
_ (“belief-reward”)
Experimenter » Partially Observable Markow Decision Process (uncertainty
. handlin
Experimenter Interface g) , , , .
_Initial Conditions -What-if Injects -Visualization »In-use reinforcement learning (hidden states, transitions,
emissions)

Planning and Decision-Making
-Probabilistic (POMDP) -Deterministic

» Heuristics/patterns (complexity reduction)

Future Research

mDevelop multi-UAV high-level probabilistic decision-making using

™ =

POMDP
L R | R mExpand capability of experimentation testbed
m Execution Monitoring Dashboard and Hardware Testbed mCollect and analyze data for more complex scenarios
Components mTransition capability to designated site(s)

mDevelop measurable utility function (i.e., Reward Function) to
evaluate candidate options

mRefine reward value assignment method

mEmploy experimental testbed to refine transition probabilities
among vehicle states
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mlnitial Findings
» Key problem: resolving mismatch between decision-making
layer & vehicle control layer

»POMDP and vehicle controller execute on different time 1152).
scales m Madni AM, Sievers MW, Humann J, Ordoukhanian E, Boehm B,

» Concurrent creation of experimentation testbed facilitates Lucero S. “Formal methods in resilient systems design:
experimentation and data collection application to multi-UAV system-of-systems control,” Disciplinary

> Monitoring and execution dashboard facilitated both Convergence in Systems Engineering Research 2018 (pp. 407-
understanding and debugging of vehicle behaviors 418). Springer, 2013.
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