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Capabillities

Systems Engineering
I Modelbased requirements formalization
I System design and Integration
i Design of testing for validation & verification
Data Analytics
I Anomaly detection, ldentification, Isolation
i Signal processing, target tracking/classification
I Data fusion, Information Stewardship
Modeling and Simulation & Operations Planning
T Physicdased systentevel modeling
I Datadriven modeling
i Physicanformed machine learning for Re@ime optimization
Control & Optimization
i Undersea vehicle guidance & control
i Embedded systems & reaine software
i UV system design & optimization
Planning and Decision support
i Context Representation, Inference and Forecasting
I Context Communication
T Context Driven Decision Making
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A Integration & Compatibility with other Systems:
Subsystems and the data they collect need be complementar
and compatible.

A Model-Based Requirements Formalization
Subsystem, component, and inte}lV requirements need be
formalized for consistency, interoperation and correctness

A CyberPhysicalSystem Modeling
Platformbased modeling of UV systems and components usint
physicsbased, datadriven and hybrid approaches o

A Data Analytics & Communication
Data reduction and near reéime communication of sensory —
data ™
A Navigation, Maneuverability & Path Planning PU— " et
Path planning and sensor orientation through optimization anc_
advanced controls. s
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A Autonomy Domsmeon
Embedded systems enabling effective operation in the uncert: WS L e
undersea environment without the need for direct human
supervision

A Sensor networks location, selection and optimization
Deliver theright information from theright source in theight
context to theright decision maker at theght time for the

Large Aperture Bow

right purpose ! A

High Frequency
CHIN Array

TR-233 Transducers
DT-276A Arrays
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Context in Mission Planning

V J v LA U

Threats/Tasks (MEAT) and Human) information space

I determinesuniqueness, categorization and saliency of information

ACIFOATAGOIFIGSAa cwQa
right information from theright
source in theight context to the
right decision maker at theght time
for the right purpose)

A Automatically suggests/ executes
actions based on the context
-metaheuristic

A Enables contextual information to be
attached to data for later retrieval
and decision making

Publication M. Mishra, D. Sidoti, G. Avvari,P Mannaru
D. E M. Ayala, K R Pattipati and D. L. Kleinman & !
ContextDrivenFrameworkfor ProactiveDecisionSupport
with ! LILJ A OIEERAcEeyskldy 2017,

Project: ContextDrivenProactive Decision Support Concepts, Algorithms and Protocol for Agile Mission PlannirfftSR,ONR, $1,042,968/15-12/18, PI: Pattipati
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A Dynamic multiobjective path planning under

A Spatiotemporal indexing & conflict detection uncertainty (Environment & Asset context

(Asset context ' [
Algorithms fordynamic conflict identification A g?&ﬁg@ﬁgj&g&g}gg&gEﬁl\] ﬂ-\ggi;
and resolutiorto COMSUBPAC EREMRY A Multiple objectiveqe.g., max. ship safety,

Multiple objectivege.g., max. probability of safe
route, minimize risk, hazard avoidance)
What we learnedCan reduce human workload A
from 120 hours to 24 hoursvia optimization
ApproachesR-trees, TPRrees, linear A
programming and quadratic programming

training opportunities, min. fuel consumption,
time to destination)

What we learnedCan reduce fuel consumption|
by 33%if waiting (e.g., for training) is allowed
ApproachesDynamic programming, second
order cone programming, robust optimization

A The US Navy
spends ~$35B per

p ST ST S

A March 2009:
USS Hartford

collides with year on fuel
the USS New A Optimized
Orleans upon weather routing
surfacing can realize
A Repair cost: significant
$120+ million savings on fuel
- S costs
COMSUBPAECommander, Submarine Force, U.S. Pacific Fleet OPT¢ Operational Planning Tool

NITES\ext¢ Naval Integrated Tactical Environmental System Next GeneraliC2¢ Maritime Tactical Command and Control

Project: Atmospheric&Effects Analysis and Prediction, Naval Research Laboratory, $7803683/(2016-3/19/2019, PI: Pattipati.
Project: ContextDrivenProactive Decision Support Concepts, Algorithms and Protocol for Agile Mission PlannirftSR,ONR, $1,042,968/15-12/18, PI: Pattipati



A 2012 U.S. UAS Report to Congrddaman errors A
accounted for68%o0f UAS mishaps
A Oct. 3, 2009: an MQB Predator in Afghanistan crashes A
into mountaindue to operator error
A Damage estimated at $3.9 million

US consumerspend $150 billion per year on drugs

A Of this,~$37 billion is spent on cocaine alone
In 2009, JIATFSwas credited wittmore than 40% of
global cocaine interdiction

Openvehiclerouting (Asset& Humancontexi) A
A Algorithms for dynamic schedulingof UASsto
rankorder operators transitionedto NR=EMRY
A Machine learningbased cognitive context
detectionviapupillaryand gazemeasurements
A What we learned1) there is @radeoff between
optimality and algorithm runtime;2) pupil
diameter and gaze patterns are useful measur
of operator workload A
A ApproachesPath time equalization and rollout;
heterogeneous hidden Markov models
Key: Rapid mission planning infaghly dynamic and unpredictable mission environmergquires aproactive
decision support system, that which enticipative and adaptive/adaptableto changes in mission

SCOUT Supervisory Control Operations User TestdédS¢ Unmanned Aircraft Systend]ATFS¢ Joint Interagency Task ForEeuth

Project: Agilelnformation and Decision Support Concepts for Dynamic Planningff®aning in Cof Unmanned and Undersea Systems, ONR, $1,148,88@attipati
Project: ContexiDrivenProactive Decision Support Concepts, Algorithms and Protocol for Agile Mission PlannirftSR,CONR, $1,042,968/15-12/18, PI: Pattipati

Dynamic resource allocation problem

(Environment, Assets, & Threat context

A Algorithms fordynamic allocation and
coordination among surveillance & interdiction
assetdntended forNREMRY, JIATS

A What we learnedOn average, giving the option

to switch cases during patrog¢sults in 7% more

detections; solutions in less than 2 seconds

ApproachesApproximate dynamic

programming, € assignment, branch & cut
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INCER MG N

tracks viaRtrees, TPRrees, linear programming and quadratic region overlap(s)\.
programming approaches
A Major projectedreduction inoperator workload(e.g.,~120
hrs- 2-4 hrs)andhuman errorcompared to current CONOPs
_ (currently error prone and manual, using text files & Excel)
A Fully integrated with NRMRY computing systems and NRL  EESCEERTErEssp
) a w, \WabPsoftware
A Output: Conflict identification (CONFIDENT) algorithms for WaS &
to COMSUBPAGaNRLEMRY ]

Publication: D. McMenemy, D. Sidoti, F. Pal mi eri and K. R. Patti pj
Detection Method for EI | i ps olEEEatansSaAEStDgc. ME/gi 0 n S
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Diagnostic and Prognostic
Methods & Capabilities

Design for service

Knowledge
Management, Realtime On
Maturation and board

\ Monitoring

Adaptation, |
\and Diagnosis

Dashboards

Diagnostic Model ¥
of the system
(Physicsbhased,
Datadriven,
Knowledgebased)

Networked
Multi-level
Maintenance

e.g., aftermarket
service provider

Level 1
Maintenance
e.g., customer
site

Key Message May need to combine multiple
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Physicsbased Models
«  Concurrent design

o  Impractical for complex systems

Datadriven Models

« Rapid deployment
Knowledgebased Models

« Complex systems

«  Many-to-many relationships

approachedgor agivenapplication

It%(

ticipated Fau
in the Design)

'é?

Fault Isolation Manual
Model-based Reasoning
Guided Troubleshooting

Best known methods

Case based reasoning

Knowledge Managemen

Timel b

A Allows for model reuse across all phases of systemtijele:
U Concepti Designi Development 0 Production U Operations and training
A Useof the samemodel ensuresthat the resultspredicted by designanalysisare achievableand

repeatablein operations
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Optimal Sensor Selection and Information Fusion

I Test design, time domain, sequence of admissible input changes (optimize)
Sensor types and number needed for detection (minimize cost, weight, volume)

Sensors treated as binary vanabl&‘% <N,

A Select theoptimal sensor with
In information maximization problems

SN e P Classification of optimal information atoptimal
H(E @) =) > aiajo;,Qf Q; = [ Hy Mo } sensory data system configuration at the
=1 5=1 . -
o ! ) o optimal time sequence for the
¥ = [up?tsp?Ntest > 1L,y 74 } prpOSe)
—arg max log (';I('é—‘m') A Automatically designs and
< .
? (& 9) | executes tests for detection of
b; ’ ‘ objects using optimal sequences
Va=N, ae{0l}, Vi=Ll.. N, B of sensed information and
f(x(t).x(t), up(t), 0,,€,t) = 0, A controllable actions
y(t) = h(x(t), (1), 6,, €, 1), * A Deals explicitly with uncertainty
_ { f(X(?LO) X tO .up(to).ﬂpf ?L(]) — O, N
to up(tg) Gp E,tg) Clas®
ut < u,, ) < uU: vt € [0, 7], Publication PalmerKA,BollasGM. Concurrentoptimal designof
i v sensometworksand fault detectiontestsfor uncertainsystems A
<x(t) <xY, vtelo,1]

Mixed IntegerNon-LinearProgramingApproach In preparation
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Real WorldApplications

Automotive Aerospace
A Anti-lock/Regenerative Braking PW2500

A CRAMASENgine Data Black Hawk and Sea Haw#(dO Engines
A Lkion Batteries Nontoxic Orbital Maneuvering System
A Fuel pumps, ETCS, EPGS Boeing 787 ECS

SRR Reaction Control System (MOMS/RCS )
International Space Station
Ares1x Rocket

CRAMASPlatform Regenerative Braking

Too Joo Too Too o Too To
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lz. UTC Aerospace

Systems i
Pratt & Whitney H‘
A United Technologies Company

Power/Buildings , Guided Troubleshooting
A Power Quality Monitoring l@| A Military Vehicles
A HVAC Chillers A Optical Scanning Machines, Semiconductor
_b Effoct Fowret Qualiy Problams A Fabrication FaCiIitieS |

A Medical Equipment
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Active Research Project: Context-Driven Proactive Decision Support Concepts, Algorithms & Protocol for
Agile Mission Planning in C4ISR i DOD/Navy/ONR, Krishna RPattipati

Project ObjectivesDevelop and validate context
driven decision support concepts that will represent,
infer and communicate operational context for agile
resource management in dynamic and uncertain miss
environment
A Task 1: Context Representation, Inference and
Forecasting
A Task 2: Context Determination via Information
Selection, Valuation and Prioritization
A Task 3: Context Communication
A Task 4: Context Driven Decision Making (validatig

PDS Framework:

on

n)

Technical Approach:

A Context representation, inference and forecasting
A Dependency Graphs, Markov Logic Networks
A Uncertainty management, information selection,
valuation and prioritization
A Anti-fragility metric, value of information analysis
game theoretic approaches
A Structured communication protocol
A Encapsulate context for accurate and timely
information dissemination
A Validate Proactive Decision Support concepts and

Ongoing ResearciPDSSoftware¢Testbeds

A CONFIDENT: WaSP deconfliction algoritt@@&\SUBPAC, NRIRY
A Proactive TMPLARPT/MTC2 via NRIRY)

A Proactive UAS Scheduling for SCONRLDQ

A Dynamic resource allocation manager fofop(NREDQ

LImpact Increase efficiency of asset utilization at the tactical
and operational levels

Transitions CONFIDENT to NRIRY & COMSUBPAC; TMPL
to NREMRY, COMSUBPAC, MSC, NAVSEA, and MTC2/OPT
Scheduler in SCOUMto NREDC;InTopalgorithms to NRIDC

recommend COAHN({U, WaSP missions)



