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SoS and their types

* Operational independence of

component systems i
« Managerial independence of People
component systems Persona

Information

» Geographical distribution

« Emergent behaviour

« Evolutionary development
processes

Network
_ '} Real World

(Maier, 1998)
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S0S BIG DATAANALYTICS

Modeling of System of Systems via Data Analytics — Case for “Big Data” in SoS

PCA

SoS =  Pre-processing
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(Deep Learning)
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Research on Al /Machine Learning

Case: Alzheimer’s Disease Stage Forecasting
Solar Energy Forecasting
Case of Search and Rescue Missions
Fault—Diagnostics of Autonomous Vehicles
Edge Computing of Autonomous Systems
Networked Control of Autonomous Vehicles

Case: Security of Banks’ Vestibules — Human/Object
Recognition
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The importance of AD diagnosis:
Application of nominal data (image analysis)

advanced
alzheimer's

healthy
brain

2014

Alzheimer’s
Statistics
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Results

e Discussion of Results ... Best Model Performance
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Results: WIND ENERGY FORECASTING

*  Considering all the configurations, the best performing neural
networks were those using a pre-expanded (via nonlinear expansion)

data set fed into a conventional feed forward neural network with ten
neurons in the hidden layer.

*  The following figures show the results and error generated using this
network to predict wind speed an hour in advance.
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bower Plante in the us.  ANALYSIS OF POWER PLANTS IN TEXAS
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This feature layer, utilizing data from the Energy Informatlon Administration (EIA), depicts all operable electric generating plants by energy source in the

u.s.

Esri, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS | Energy Information Administration (EIA)

2020 Joint Cotgressor ComputationaliniCHIsS

8t Joint Congress on Fuzzy and Intelligent Systems, 10th Iranian Conference on Fuzzy Systems, 17" Conference on Intelligent
Systems, and 4" Conference on Swarm Intelligence and Evolutionary Computation

2-4 September, Ferdowsi University of Mashhad, Mashhad, Iran.



ACE LABS Project: Robotic Heterogeneous Swarm
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ACE LABS Project: Robotic Heterogeneous Swarm
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Control of heterogeneous vehicles

Decentralized "

Cloud-Based
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Biologically-Inspired Swarm Control

Bird Flocking Inspired Formation Control for Unmanned Aerial Vehicles
Using Stereo Camera

-ROS/Gazebo Simulation
-Simulated sensors (GPS, IMU,
Stereo Camera)

-EKF to estimate nonlinear pose
positions
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Autonomous Vehicle Research at UTSA

Networked Control of Multiple Vehicles
« Mitigating Time-Delay Problems with Cloud-based Networked Controlled UGVs

« A g{ime \léarying, efficient estimator was used to diagnose the operability of a UGV in a
networ

 Several control paradigms and optimization techniques were compared in their
E)_erfoorlrrllance for real-time control of a UGV system under various packet losses and
ime delay.

* Nonlinear model predictive control using sequential least squares quadratic
programming for optimal control

 Solved the optimal control problem quickly enough and with enough fidelity to be
employed for real-time control.

» Future: A means to mitigate time-delay directly through Al applications to place
approach on a cloud-edge model will be explored under cybersecurity constraints.
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Cloud-Edge Model

s Parallelized K-Means
Clustering
Npg®
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« People Detection « Pointto Point Controller
* People Localization * Obstacle Avoidance Controller
& Formation Controller s Greedy Traveling Salesman

Edge Computing: Extending
the cloud to the edge of the
network through computation
on networking devices such
as routers Cloud Computing:
Performing computation in a
cloud network

Cloud-Edge Model:
Combination of computation
on the edge devices and
cloud network
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Fault Detection of Networked Autonomous Vehicles
Using Deep Learning

+ Detect a faultin a
system and compensate
sald fault.

+ System: Pioneer UGV

+ Fault: Tire Deflation

2020 Joint Congress on Computational Intelligence

8t Joint Congress on Fuzzy and Intelligent Systems, 19" Tranian Conference on Fuzzy Systems, 17 Conference on Intelligent
Systems, and 4" Conference on Swarm Intelligence and Evolutionary Computation

2-4 September, Ferdowsi University of Mashhad, Mashhad, Iran.



ANTI-LOITERING ALERT SYSTEM FOR AUTOMATED TELLER MACHINE (ATM) VESTIBULES

Commercialization of Bank’s Vestibule - Scenes
from Demo

ID 2
enters
the
vestibule

ID 3 enters
the ID 2 exceeds
vestibule normal
transaction time
threshold;
notification
displayed
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Technology Exported projects : Control
UAYV using Asynchronous BCI

Steady-State Visual Evoked
Potentials (SSVEP)

Current work: Asynchronous BCI
[ Control of a Paraplegic Person on a
Wheelchair

1
-
|

Completed work: Smart walker
for the blind
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