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Capabilities
Å Systems Engineering 

ï Model-based requirements formalization
ï System design and Integration
ï Design of testing for validation & verification

Å Data Analytics
ï Anomaly detection, Identification, Isolation
ï Signal processing, target tracking/classification
ï Data fusion, Information Stewardship

Å Modeling and Simulation & Operations Planning
ï Physics-based system-level modeling 
ï Data-driven modeling
ï Physics-informed machine learning for Real-Time optimization 

Å Control & Optimization
ï Undersea vehicle guidance & control
ï Embedded systems & real-time software
ï UV system design & optimization

Å Planning and Decision support
ï Context Representation, Inference and Forecasting
ï Context  Communication
ï Context Driven Decision Making



Undersea Vehicle Technology Applications
Å Integration & Compatibility with other Systems: 

Subsystems and the data they collect need be complementary 
and compatible. 

Å Model-Based Requirements Formalization
Subsystem, component, and inter-UV requirements need be 
formalized for consistency, interoperation and correctness 

Å Cyber-Physical System Modeling
Platform-based modeling of UV systems and components using 
physics-based, data-driven and hybrid approaches

Å Data Analytics & Communication
Data reduction and near real-time communication of sensory 
data

Å Navigation, Maneuverability & Path Planning
Path planning and sensor orientation through optimization and 
advanced controls.

Å Autonomy
Embedded systems enabling effective operation in the uncertain 
undersea environment without the need for direct human 
supervision 

Å Sensor networks location, selection and optimization 
Deliver the right information from the right source in the right
context to the right decision maker at the right time for the 
right purpose



Publication: M. Mishra, D. Sidoti,G. Avvari,P. Mannaru,
D. F. M. Ayala, K. R. Pattipati and D. L. Kleinman, ά!
Context-DrivenFrameworkfor ProactiveDecisionSupport
with!ǇǇƭƛŎŀǘƛƻƴǎΣέIEEEAccess, May2017.

Context in Mission Planning
In agile mission planning, context : 

ï is an interlinked, dynamically evolving multidimensional (Mission, Environment, Assets, 
Threats/Tasks (MEAT) and Human) information space

ï determines uniqueness, categorization and saliency of information

ÁCŀŎƛƭƛǘŀǘŜǎ сwΩǎ ŎƻƴŎŜǇǘ όŘŜƭƛǾŜǊ ǘƘŜ 
right information from the right
source in the right context to the 
right decision maker at the right time 
for the right purpose)

ÁAutomatically suggests/ executes 
actions based on the context 

~metaheuristic

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

Project: Context-Driven Proactive Decision Support Concepts, Algorithms and Protocol for Agile Mission Planning in C4ISR, ONR, $1,042,965; 8/15-12/18, PI: Pattipati



Å Dynamic multi-objective path planning under 
uncertainty (Environment & Asset context)

Å Algorithms for asset routing to OPT and WaSP 
for MTC2 & NRL-MRY; available for NITES-Next

Å Multiple objectives (e.g., max. ship safety, 
training opportunities, min. fuel consumption, 
time to destination)

Å What we learned: Can reduce fuel consumption 
by 33% if waiting (e.g., for training) is allowed

Å Approaches: Dynamic programming, second 
order cone programming, robust optimization

Å Spatio-temporal indexing & conflict detection 
(Asset context)

Å Algorithms for dynamic conflict identification 
and resolution to COMSUBPAC & NRL-MRY

Å Multiple objectives (e.g., max. probability of safe 
route, minimize risk, hazard avoidance)

Å What we learned: Can reduce human workload 
from 120 hours to 2-4 hours via optimization

Å Approaches: R-trees, TPR-trees, linear 
programming and quadratic programming 

Waterspace Planning (WaSP)

COMSUBPACςCommander, Submarine Force, U.S. Pacific Fleet
NITES-NextςNaval Integrated Tactical Environmental System Next Generation

OPT ςOperational Planning Tool
MTC2 ςMaritime Tactical Command and Control

ÅMarch 2009: 
USS Hartford 
collides with 
the USS New 
Orleans upon 
surfacing

ÅRepair cost: 
$120+ million

Å The US Navy 
spends ~$35B per 
year on fuel

Å Optimized 
weather routing 
can realize 
significant 
savings on fuel 
costs

Navigation in Uncertainty (NiU)

Project: Atmospheric Effects Analysis and Prediction, Naval Research Laboratory, $780,383; 3/01/2016-3/19/2019, PI: Pattipati.
Project: Context-Driven Proactive Decision Support Concepts, Algorithms and Protocol for Agile Mission Planning in C4ISR, ONR, $1,042,965; 8/15-12/18, PI: Pattipati



Å Openvehiclerouting (Asset& Humancontext)
Å Algorithms for dynamic schedulingof UASsto

rankorderoperators, transitionedto NRL-MRY
Å Machine learning-based cognitive context

detectionviapupillaryandgazemeasurements
Å What we learned: 1) there is a tradeoff between 

optimality and algorithm runtime; 2) pupil 
diameter and gaze patterns are useful measures 
of operator workload

Å Approaches: Path time equalization and rollout; 
heterogeneous hidden Markov models

Å Dynamic resource allocation problem 
(Environment, Assets, & Threat context)

Å Algorithms for dynamic allocation and 
coordination among surveillance & interdiction 
assetsintended for NRL-MRY, JIATF-S

Å What we learned: On average, giving the option 
to switch cases during patrol results in 7% more 
detections; solutions in less than 2 seconds

Å Approaches:Approximate dynamic 
programming, S-D assignment, branch & cut

Dynamic Scheduling of UASs (SCOUT) Targeting in Uncertainty (TiU)

SCOUTςSupervisory Control Operations User Testbed; UAS ςUnmanned Aircraft System; JIATF-S ςJoint Interagency Task Force-South

Å 2012 U.S. UAS Report to Congress:Human errors 
accounted for 68%of UAS mishaps

Å Oct. 3, 2009: an MQ-1B Predator in Afghanistan crashes 
into mountain due to operator error
Á Damage estimated at $3.9 million

Key: Rapid mission planning in a highly dynamic and unpredictable mission environment requires a proactive
decision support system, that which is anticipative and adaptive/adaptableto changes in mission

Å US consumers spend $150 billion per year on drugs
Å Of this, ~$37 billion is spent on cocaine alone

Å In 2009, JIATF-S was credited with more than 40% of 
global cocaine interdiction

Project: Agile Information and Decision Support Concepts for Dynamic Planning/Re-planning in C2 of Unmanned and Undersea Systems, ONR, $1,148,080; PI: Pattipati
Project: Context-Driven Proactive Decision Support Concepts, Algorithms and Protocol for Agile Mission Planning in C4ISR, ONR, $1,042,965; 8/15-12/18, PI: Pattipati



Water Space Management 

Á Proactive conflict identification among multiple and 
heterogeneous assets allocated to possibly multiple regions and 
tracks via R-trees, TPR-trees, linear programming and quadratic 
programming approaches
Á Major projected reduction in operator workload (e.g., ~120 

hrs 2-4 hrs) andhuman error compared to current CONOPs 
(currently error prone and manual, using text files & Excel)

Á Fully integrated with NRL-MRY computing systems and NRL-
aw¸Ωǎ WaSPsoftware

Á Output: Conflict identification (CONFIDENT) algorithms for WaSP 
to COMSUBPACvia NRL-MRY

Automatically identify allocated 
region overlap(s)

Area of Interest

Region Overlap due to Allocation Error

Publication: D. McMenemy, D. Sidoti, F. Palmieri and K. R. Pattipati, ñA Fast and Efýcient Conþict 

Detection Method for Ellipsoidal Safety Regions,ò submitted to IEEE Trans. on AES, Dec. 2017.



Diagnostic and Prognostic 
Methods & Capabilities

Diagnostic Model 
of the system

(Physics-based,
Data-driven,

Knowledge-based)

Knowledge 
Management, 

Maturation and 
Adaptation,
Dashboards

Networked 
Multi-level

Maintenance

e.g., after-market 
service provider

Level 1 
Maintenance
e.g., customer 

site

Real-time On-
board 

Monitoring 
and Diagnosis

Design for service

Å Useof the samemodel ensuresthat the resultspredictedby designanalysisare achievableand
repeatablein operations

Å Allows for model re-use across all phases of system life-cycle:

ü Concept ü Designü Development ü Production ü Operations and training

Å Physics-based Models
ü Concurrent design

ü Impractical for complex systems

Å Data-driven Models
ü Rapid deployment

Å Knowledge-based Models

ü Complex systems

ü Many-to-many relationships

T
o

ta
l F

a
u
lts

Time Ҧ

Fault Isolation Manual
Model-based Reasoning
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Unanticipated Faults

Best known methods 
Case based reasoning 
Knowledge Management

F
a
u
lts

 
E

xp
e

rie
n

c
e

d

A
n
ti
ci

p
a

te
d
 F

a
u
lts

 

(i
n
 t

h
e

 D
e

s
ig

n
)

Key Message: May need to combine multiple
approachesfor a givenapplication



Publication: PalmerKA,BollasGM. Concurrentoptimal designof
sensornetworksandfault detectiontestsfor uncertainsystems. A
MixedIntegerNon-LinearProgramingApproach. In preparation

Optimal Sensor Selection and Information Fusion
In sensor networks optimality deals with:

ï Environment and sensor network uncertainty and noise (objective is to reduce impact)

ï Test design, time domain, sequence of admissible input changes (optimize)

ï Sensor types and number needed for detection (minimize cost, weight, volume)

ÁSelect the optimal sensor with 
optimal information at optimal 
system configuration at the 
optimal time sequence for the 
purpose)

ÁAutomatically designs and 
executes tests for detection of 
objects using optimal sequences 
of sensed information and 
controllable actions

ÁDeals explicitly with uncertainty

k=3

k=5

Test Sample

Class 1

Class 2

Pred. class = 2

Pred. class = 1

Sensors treated as binary variables 
in information maximization problems Classification of 

sensory data



Real World Applications

Power/Buildings

Å Power Quality Monitoring
Å HVAC Chillers

Å Anti-lock/Regenerative Braking
Å CRAMAS®Engine Data
Å Li-ion Batteries
Å Fuel pumps, ETCS, EPGS

Regenerative BrakingCRAMAS®Platform

Automotive
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Guided Troubleshooting

Å Military Vehicles
Å Optical Scanning Machines, Semiconductor
Å Fabrication Facilities
Å Medical Equipment

Å PW2500

Å Black Hawk and Sea Hawk T-700 Engines
Å Non-toxic Orbital Maneuvering System
Å Boeing 787 ECS 
Å Reaction Control System (NT-OMS/RCS )
Å International Space Station
Å Ares-1x Rocket

Aerospace



Project Objectives: Develop and validate context-
driven decision support concepts that will represent, 
infer and communicate operational context for agile 
resource management in dynamic and uncertain mission 
environment
Á Task 1: Context Representation, Inference and 

Forecasting
Á Task 2: Context Determination via Information 

Selection, Valuation and Prioritization
Á Task 3: Context  Communication
Á Task 4: Context Driven Decision Making (validation)

Technical Approach: Ongoing Research: PDS Softwares/Testbeds
Á CONFIDENT: WaSP deconfliction algorithms (COMSUBPAC, NRL-MRY)
Á Proactive TMPLAR (OPT/MTC2 via NRL-MRY)
Á Proactive UAS Scheduling for SCOUT (NRL-DC)
Á Dynamic resource allocation manager for InTop(NRL-DC)

Impact: Increase efficiency of asset utilization at  the tactical 
and operational levels

Transitions: CONFIDENT  to NRL-MRY & COMSUBPAC; TMPLAR 
to NRL-MRY, COMSUBPAC, MSC, NAVSEA, and MTC2/OPT;  UAS 
Scheduler in SCOUTTM to NRL-DC; InTopalgorithms to NRL-DC

Active Research Project: Context-Driven Proactive Decision Support Concepts, Algorithms & Protocol for 

Agile Mission Planning in C4ISR ïDOD/Navy/ONR, Krishna R. Pattipati

Å Context representation, inference and forecasting  
ÁDependency Graphs, Markov Logic Networks 

Å Uncertainty management, information selection, 
valuation and prioritization
ÁAnti-fragility metric, value of information analysis, 

game theoretic approaches
Å Structured communication protocol
ÁEncapsulate context for  accurate and timely 

information dissemination
Å Validate Proactive Decision Support concepts and 

recommend COAs (NiU, WaSP missions)

PDS Framework:


