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FIU Personnel and Collaborators

Principal Investigator: Leonel Lagos

Project Manager: Leonel Lagos

Faculty/Researcher: Himanshu Upadhyay, Joseph Sinicrope, Walter Quintero, Clint Miller, Santosh Joshi,
Tushar Bhardwaj, Shailendra Chivate, John Dickson

DOE Fellows/Students: Roger Boza, Alejandro Koszarycz, David Mareno, Aurelien Meray, Adrian Muino
Ayala

DOE-EM: Dinesh Gupta, Genia McKinley, Jean Pabon, Jonathan Kang
SRNL: Aaron Washington, Connor Nicholson
PNNL: Vicky Freedman, Rob Mackley

Advancing the research and academic mission of Florida International University.
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Project Tasks and Scope FIU

Applied Research
Center

Task 1 - Waste Information Management System (WIMS)
« Manage complex-wide waste forecast information for planned treatment/disposal

* Provide web-based system to receive, organize, and report DOE waste forecast streams via a common
application

Task 2 - D&D Support for Technology Innovation, Development, Evaluation and Deployment

« Address high priority fire resiliency and safety requirements in support of SRS 235-F D&D project in
collaboration with SRNL

* Implement phased approach for standards development, testing/evaluation, and deployment of D&D
technologies

« |dentify broader applications for intumescent coatings to meet other challenges across DOE complex

Task 3 - Knowledge Management Information Tool (KM-IT)

« Maintain and preserve D&D knowledge by enhancing communication, information sharing, and distribution to
assist future D&D projects and workforce

Advancing the research and academic mission of Florida International University.
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Project Tasks and Scope

Artificial Intelligence Support to DOE-EM — D&D and Soil & Groundwater

Task 6 - Analysis of Image Data using Machine Learning/Deep Learning and Big Data Technologies

« Develop a pilot-scale infrastructure using machine learning/deep learning and big data technologies for
structural health monitoring of facilities using imaging technologies with D&D mock up facilities at FIU

Task 7 — Al based Evaluation of Cr (VI) Concentrations in Groundwater in a Dynamic Pump and Treat
Remediation Scenario (New)

« Development of machine learning and deep learning models to identify patterns, address knowledge gap and
ultimately predict transport of Cr(VI) in the subsurface of the 100-H Area

Advancing the research and academic mission of Florida International University.
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Knowledge Management Information Tool
(KM-IT)

www.dndkm.org

Dr. Himanshu Upadhyay
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FIU

Applied Research
Center

Knowledge Base for Environement Management

Robotics KM-IT
rkmit.org

DND KM-IT WIMS DOE FELLOWS DOE RESEARCH

dndkm.org emwims.org fellows.fiu.edu doeresearch.fiu.edu Fixatives Mobile App

Advancing the research and academic mission of Florida International University.
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Knowledge Base for Environmental Management Rk

Applied Research
Center

Knowledge Base for Environmental Management

p ot . e
v e T
‘ed by the Global D&D Community

D&D Knowledge Management
Information Tool

D&D KMHIT is a web-based knowledge
management information tool custom-built
for the deactivation and decommissioning

Waste Information Management Robotics Knowledge Management
System Information Tool

Student

GETITON
” Google Play

2 Download on the
s App Store

Fixative Native App
4

Deactivation and Decommissioning DOE / FIU Cooperative Agreement DOE / FIU Science & Technology
Mobile Platform Research WorkForce Development Initiative

About KBEM

The KBEM provides a common interface for all IT applications for DOE EM

developed and maintained by the Applied Research Center at Florida International / Z rlu ‘ Applied Research
University. The Knowledge Base for Environmental Management (KBEM) provides Center
a unified system of knowledge management (community of knowledge) for the FLORIDA ENTRRNAT
Department of Energy Office of Environmental Management (DOE EM) and
includes the following major areas: Deactivation and Decommissioning (D&D), Soil
and Groundwater (S&GW), Waste Processing, and International Knowledge

https: .0
Advancing the research and academic mission of Florida International University.

TONAL UNIVERSITY
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D&D Hotline
Technology Module
Vendor Module
D&D Research
Mobile applications
Lessons Learned
Documents
Pictures/videos
Search tools
Training
Specialists

Best Practices

www.dndkm.org

FLORIDA INTERNATIONAL UNIVERSITY

KM-IT Modules

D&D KM-IT

Deactivation & Decommissioning Knowledge Management Information Tool
| Home [ contribute | About | Contact

e

"‘v Mobile: m.dndkm.org

" VIR
Modules

Hotline Technology. Web Crawler

Lessons Learned Best Practices Picture Video Library.

Specialist Directory. Vendors D&D Research

FIU

Applied Research
Center

Welcome Guest

Powéred by the Global D&D Community

Mobile System
Document Library.

Training

Please register to access all of the features of D&D KM-IT.

U.S. Registration l International Registration

Additional Features

D&D R_E._SEARC‘ Fixative Module ITSR Module Search SRS ISSC Reports

Innovative —— 7 ”‘
Technology gz
Summary ) — i i

# For DOE EM Report # Begin Searching

Quick Links DOEEMD&D # SRSISSC# ALARA Center# EFCOG# COGENTUS

Industry News

Prioritization Tool
Prioritize - _1
Maintenance MR - w
Expenditures =

% Download - +

Share you;'h knowledge and experience

rough D&D KM-IT.
Last Major ETTP Facility Ready for
Demolition at Oak Ridge
Oak Ridge Workers Successfully Bring -
Down ETTP's Tallest Building B
West Valley Prepares for Future D&D . .q n.# #.n
Under New Safety Protocols -. A .-. A .
3 : L) ~t
West Valley Prepares for Future Canadian technology offers Fukushima o
D&D Under New Safety Protocols tritium option COntrlbute

More News

Advancing the research and academic mission of Florida International University.
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Accomplishments Year 10:

FLORIDA INTERNATIONAL UNIVERSITY

Task 3 — Knowledge Management Information Tool FIU
(K M - I T) Applied Resoarch

D&D KM-IT

Knowledge Management Information Tool

In this issue...

As we mark over 100 days since the enforcement of coronavirus
own policies began in the US, FIU has remained busy

FIU continued to conduct outreach and ol | A =
community support for KM-IT - w 8 7

Participating in conferences and workshops

FIU continues to publish current and
relevant information into the KM-IT system
such as news, vendors, technologies,
lessons learned & best practices related to
D&D.

Development of articles, newsletters and
infographics for the D&D community.

Advancing the research and academic mission of Florida International University.
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¥ Mobite: m. dndkm. org
D&D KM-IT
Deactivation & Decommissioning Knowledge Management Information Tool — m
\
' nts Year 10:
Accomplishme

Welcome Guest
Technology JSSSEENNN earch

» 281 technologies were published on this platform in

“iless i :mﬂm !’:(‘;d::o;'z ?;ump;:::a;l?:;xg Technology S TeChnOlog‘es
this fiscal year, bringing the total technologies —— ST
published to 1259

Start searching the Technology module,

Technology

Start Your Search Noy,

View Robotics Technologies
"9 3 basic text
nced search, The basic
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: se (e.g.,
] — urn u‘\; 3pplica} technologies. The
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D & D KM- IT Mobile: m.dndkm.org

Deactivation & Decommissioning Knowledge Management Information Tool

| Contribute [ About [ Contact | More Modules ~

Research for DOE EM Fixatives  Intumescent Coatings Fire Resiliency

Accomplishments Year 10:

* FIU is working to enhance the D&D Research module by

. . . .. . . D&D R h for DOE EM
collaborating with universities, national labs and DOE sites. B

EM’s site cleanup program is one of the largest environmental cleanup efforts in world
history and deactivation and decommissioning (D&D) work is a significant part of the
overall effort to remediate the Cold War legacy. While existing and proven technologies
continue to be used to achieve as much cleanup as practicable, many of the DOE
facilities that are still awaiting D&D could present significant challenges to D&D with

+ 10 potential entities are being followed. _ .
They include: e
« |ldaho National Laboratory L“Thé’;:"‘h[hn"d
* NAC International
* Gilbane, Inc.
* Perdue University
* Florida A&M University
* University of Leeds
* University of Bristol
« Polestar Technical Services, Inc.
« John Wood Group PLC
* Los Alamos National Laboratory

4+ Complex, crowded, and retrofitted
equipment arrangements;

# Incomplete history of operations and
contamination in old facilities;

Many baseline D&D technologies are labor intensive, time consuming, expensive,
include significant risks to workers and/or the environment, and generate problematic
(in volume or content) secondary wastes. Completing the successful D&D of the
remaining facilities may rely on the ability to provide new technologies that are
significantly better than the ilable baseline technologies in terms of cost, speed,
safety, or waste reduction.

L
O
o
<T
L
%)
L
oc
()
od
()

Argonne National Laboratory, Image from energy.gov

Advancing the research and academic mission of Florida International University.

Task 3 — Knowledge Management Information Tool (KM-IT)

FIU

Applied Research
Center

I

Welcome walter

FX2 Fogging  ICM Crawler  Robotic Inspection Tools

D&D Research for DOE EM

D&D h for DOE EM highligh

the recent, current, and ongoing research
being performed by and for DOE EM as
well as international D&D research to
support the high priority D&D needs to
bring the remaining cleanup projects to
completion in support of site closure. This
research includes activities at and through
collaborations with academic universities,
national laboratories, DOE contractor
facilities, and other organizations.

——

CH2MHill 100K D&D Demolition at the
Hanford Site

Add to the D&D Research
Highlights

To add information related to D&D
research for DOE EM, please provide the
information through the contact link
below. D&D community driven content is
valued.

Contact Us
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D&D KM-IT Statistics as of August 2020 FIU

Applied Research
Center

Yellow — 2012
Blue - 2020

D&D KM-IT web analytics to track usage
metrics.

1259 D&D technologies

1064 registered users

991 D&D vendors

195 Hotline questions/solutions

Mar-12
m Aug-20

Aug-20

Vendors Mar-12

103 subject matter specialists sMs

Growth from March 2012 to Aug 2019

Fully searchable resources — Original sources no longer available
* 169 ALARA Center reports archived (Hanford and SRS)
e 231 Innovative Technology Summary Reports archived

Advancing the research and academic mission of Florida International University.
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FIU

Applied Research
Center

Accomplishments Year 10:

* FIU presented D&D KM-IT research at WM2020, demonstrated at FIU booth and D&D KM-IT Poster

Title: D&D Research on KM-IT platform

Authors: Walter Quintero, Himanshu Upadhyay, D&D Research on KMAT platform
Leonel Lagos

Session: D&D Technology Application - Posters FIU | == (&

~ gt rormanes Ty Ca)
M) - p— . ——— .

Advancing the research and academic mission of Florida International University.
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Task 3 — Knowledge Management Information Tool (D&D FIU
KM-IT) Aopted Basserch

Proposed Scope for FY20/FY21

Subtask 3.1: D&D KM-IT Enhancement
« Enhancement will include user interface responsive design and development.

Subtask 3.2: Software Upgrades (Database and .NET Framework)
« Migration of the existing database to SQL Server 2017 and KM-IT modules to .NET Framework 4.2

Subtask 3.3: Content Management
« Publishing D&D Technologies, vendors, lessons learned, best practices, D&D News and conferences
with the assistance of DOE Fellows
Subtask 3.4: Marketing and Outreach
 Participation in industry conferences and workshops
* Newsletters and mass communications
« Reaching out to sites/national labs/universities to increase KM-IT user involvement

Advancing the research and academic mission of Florida International University.
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Waste Information Management System
(WIMS)

https://www.emwims.org
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FLORIDA INTERNATIONAL UNIVERSITY

FIU

Applied Research
Center

Task 1 — Waste Information Management System

Accomplishments Year 10: Waste Information Management System
[Home | [ Contact Us 'W\ [Forecast Data
« Easy-to-use system to visualize and T
understand the forecasted DOE-EM waste > L O A

488.70 m ?

streams & transportation information.

L.
) 125.76 m 3
A

| WUg
3827209, BE
CERCLA Cel RIS A2

 WIMS is deployed and available at
https://www.emwims.org

« Various modules of WIMS are Forecast
Data, Disposition Map, Successor Stream
Map, GIS Map, Transportation, Reports and
Help.

Advancing the research and academic mission of Florida International University.
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Task 1 — Waste Information Management System FIU

Applied Research
Center

Accomplishments Year 10: L

[ Home || contact us || Help |

| Forecast Data | | Disposition Map \ | GIS Map | | Transportation ‘ | Reports )

) ] Welc_ome to WIMS
« Completed integration of 2020 waste forecast WHHES Tl STUAUGTE M ANAGHIENE SYSESDS

Waste Disposition GIS Map

and transportation data into WIMS system. 9, T

180.16 m ?

 Published 2020 Forecast Waste stream
iInformation in May 2020.

\ EETE) 3560255 > Automatically generates
riig DOE waste pathway GIS maps

" >
Waste from [AII Sites v ‘ ! ) ) e
WIMS is developed to provide DOE Headquarters and site waste managers with the tools necessary to easily visualize,
DBplay Forecast Data understand, and manage the vast volumes, categories, and problems of forecasted waste streams.
WIMS meets this need by providing a user-friendly online system to gather, organize, and present waste forecast data
from DOE sites. This system provides a method for identification of waste forecast volumes, material classes, disposition

Fiscal Year : From [2020 v ‘ To [2050 To 2050 w ‘ Waste Type: [All Materials <] pathways, and potential choke points and barriers to final disposition.

Disclaimer: Disposition facility information presented is for planning purposes only and does not represent DOE's
decisions or commitments. Any selection of disposition facility will be made after technical, economic, and policy
considerations.

In most cases, data set reflects sites’ planning data as of 4Q FY 2019

Waste to [ All Facilities v |

Created by Florida International University's Applied Research Center for the U.S. Department of Energy

rl“ Applied Research
©Copyright 2020 Center

Applied Research Center Florida International Universit
https://femwims.or

Advancing the research and academic mission of Florida International University.
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36 Supported Sites FIU

Applied Research
Center

« Ames Laboratory . NG Newport News

* Argonne National Laboratory . Norfolk Naval Shipyard

« Bettis Atomic Power Laboratory . Nuclear Fuel Services, Inc. (cleanup site)
* Brookhaven National Laboratory . Oak Ridge Reservation

* Energy Technology Engineering Center . Paducah Gaseous Diffusion Plant

* Fermi National Accelerator Laboratory . Pantex Plant

+ Hanford Site-RL . Pearl Harbor Naval Shipyard

* Hanford Site-RP . Pacific Northwest National Laboratory

* |daho National Laboratory . Portsmouth Gaseous Diffusion Plant

+ Kansas City Plant . Portsmouth Naval Shipyard

* Khnolls Atomic Power Laboratory - Kesselring . Princeton Plasma Physics Laboratory

* Khnolls Atomic Power Laboratory - Schenectady . Puget Sound Naval Shipyard
 Lawrence Berkeley National Laboratory . Sandia National Laboratories - NM
 Lawrence Livermore National Laboratory . Savannah River Site

* Los Alamos National Laboratory . Stanford Linear Accelerator Center

* Naval Reactor Facility . Separations Process Research Unit

* Nevada Test Site . Thomas Jefferson National Accelerator Facility
* NG Newport News . Waste Isolation Pilot Plant

. West Valley Demonstration Project

Advancing the research and academic mission of Florida International University.
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33 Disposition Facilities FIU

Applied Research
Center

« 200 Area Burial Ground (HANF) + OSWDF(Portsmouth)
» 746-U Landfill(Paducah)  Paducah CERCLA
« Alaron * Perma-Fix Gainesville

« Area5 LLW Disposal Unit (NTS)
* Area 5 MLLW Disposal Cell (NTS)
* Clean Harbors

* Perma-Fix--Diversified Scientific Services, Inc.
* Perma-Fix--Northwest (formerly PEcoS)

_ * Perma-Fix/Materials &amp; Energy Corp
« Commercial TBD

* E-Area Disposal (SRS)
« EMWMF Disposal Cell (ORR)
* Energy Solutions-Clive (formerly Envirocare)

* River Metals
* RMW Trenches (MLLW/LLW) (HANF)
* RMW Trenches/IDF (HANF)

« Energy Solutions-TN (formerly GTS Duratek) * RWMC (LLW disposal) (INL)

« ERDF (HANF) - Siemens

« Impact Services-TN *+ Smokey Mountain Solutions

* INL CERCLA Cell (INL) * Studsvik/RACE , LLC

* Integrated Disposal Facility (HANF) « TA54/Area G (LLW disposal) (LANL)
» New RH LLW Vaults (INL) . To Be Determined

* ORNL Liquid LLW System « Waste Control Specialists

Advancing the research and academic mission of Florida International University.
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Task 1 — Waste Information Management System FIU

Applied Research
Center

Accomplishments Year 10:

* FIU presented WIMS research in 2020 Waste
Management Symposia.

Title: Waste Information Management System with 2019-20
Waste Streams

Session: LLW/ILW Characterization

Authors: Himanshu Upadhyay, Walter Quintero, Leonel
Lagos

Himanshu Upadhyay presenting WIMS at
the 2020 Waste Management Symposia
Phoenix, AZ

SYMPOSIA

Advancing the research and academic mission of Florida International University.
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Task 1 — Waste Information Management System FIU

Applied Research
Center

Proposed Scope for Year 10

« Subtask 1.1: WIMS System Administration - Database Management, Application Maintenance
& Performance Tuning

« This subtask includes the day-to-day maintenance and administration of the application and the
database servers.

« Administrator will monitor the network and server traffic and performs updates necessary to
optimize the application performance.

« FIU will provide application and database security as well as help desk support to DOE site
managers, HQ managers and other users who need assistance with WIMS.
« Subtask 1.2: Waste Stream Annual Data Integration
« Update WIMS modules — Forecast Data , Waste Stream and GIS map
« Update and publish reports
« Update and publish transportation module
« Publish updated application on secured socket layer for cyber security

Advancing the research and academic mission of Florida International University.
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Task 1 — Waste Information Management System

Proposed Scope for FY20/FY21

« Subtask 1.3: Upgrade GIS module with Google Map API
« The current GIS module will be upgraded to reduce the development time when adding new
disposition sites and facilities to the module. With Google Map API, the module will be more
interactive and will provide richer user experience.
« Subtask 1.4: Deploy Power Bl Reporting Server for Waste Stream Reports
« Power Bl is a powerful new reporting server which is reliable and efficient. This task will replace the
existing SQL reporting server.
« Subtask 1.5: Cyber Security of WIMS Infrastructure
« Provide cyber security to WIMS infrastructure, application, database server and reporting server.

» Cybersecurity training and support of DOE Fellows while working with pen testing & forensics tools
used with WIMS system.

Advancing the research and academic mission of Florida International University.
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Artificial Intelligence Support to DOE-EM FIU

Applied Research
Center

APPLIED ARTIFICIAL INTELLIGENCE FRAMEWORK

Tensor

DATABASE / MACHINE LEARNING
SERVERS / BIG DATA CLUSTER

Advancing the research and academic mission of Florida International University.
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_ : FIU
Artificial Intelligence Support to DOE-EM b

enter

Artificial Intelligence & Big Data Hub
On-Premise | Cloud | Hybrid

Application Areas

Machine Learning Server

Sensor Network
Robotics

Machine Learning Deep Learning
_______NLP |

Structured Data Big Data Cluster

Semi-structured Data Spark Spark Spark Spark
saL Stream MLLib GraphX

Unstructured data

Batch Processing Stream Processing

Data Ingestion

Data Storage

saL ::::‘;'s“lt:sﬁ;“““ SQL — RDBMS NoSQL — Cassandra Big Data — HDFS /
= SQL Server J/ MongoDB HBASE
Kafka / Flume

Message Brokers

Data Visualization

Data Integration =
Pipeline _SSRSJ’ Power Bl / Tableau f SAS

Python — Matplotlib / R — ggplot / D3.js

Advancing the research and academic mission of Florida International University.
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Artificial Intelligence Support to DOE-EM

Artificial Intelligence Algorithm
& Framework

Machine Learning

Deep Learning

Machine Learning
Framework

Deep Learning
Framework

Supervised
=  Classification
=  Regression

Unsupervised
Clustering
Anomaly
Detection
Association [
Recommendation
Dimensionality
Reduction

Deep Neural
Network
Convolutional
Neural Network
Recurrent Neural
Network
RNMN-LSTM
RNN-GRU
Bidirectional-RNN
AutoEncoder
Generative
Adversarial Network

Scikit-learn
CRAN-R
RevoScaleR
RevoScalePy
MicrosoftML
NumPy
SciPy

TensorFlow
Keras

CNTK
Theano
Caffe
PyTorch

FIU

Applied Research
Center

Advancing the research and academic mission of Florida International University.
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Artificial Intelligence Support to DOE-EM — D&D

Task 6- Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies
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Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Site Needs:

Assess the structural integrity of aging facilities in support of ongoing surveillance and maintenance
(S&M) across the DOE complex.

Objectives:

FIU is developing a pilot-scale infrastructure to implement structural health monitoring using
scanning/imaging technologies, machine learning / deep learning and big data technologies. This
pilot system is intended to serve as a starting point to engage the DOE field sites on related data
sets and will help in their S&M decision making needs.

Advancing the research and academic mission of Florida International University.
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Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Accomplishments Year 10:

Object Detection using YOLOv3 Algorithm with Data from Camera Device:

Data Collection:
« Three image data sets were collected.
« Data set composition:
— First data set contains 1,000 images

« Collected with a digital camera and a green
screen.

— Second data set contains 65 images.

« Images were taken in an outdoor
environment.

— Third data set contained 50 images.
* Images were taken in an indoor environment.

Advancing the research and academic mission of Florida International University.



FLORIDA INTERNATIONAL UNIVERSITY

Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Object Detection using YOLOv3 Algorithm with Data from Camera :

Data Preprocessing:

 Implemented a One Class Classifier (OCC) for data
preprocessing Convolutional

Neural Network

— Hybrid model approach between Auto Encoder Autoencoder (AE) (cNN)

(AE) and Convolutional Neural Network (CNN).
I X* . Target Class
— = Likelihood
*
Latent Space
C——)

 The AE model serves as a data generator.
Discriminator

!

« The CNN works as a class discriminator.

— Model is trained as a Generative Adversarial
Network (GAN).

— Hidden layers include Convolution Layers, Max Generator
Pooling, and Batch Normalization.

— Latent space of 256 filters.

!

Advancing the research and academic mission of Florida International University.
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Task 6 — Analysis of Image Data using Machine FIU

Learning/Deep Learning and Big Data Technologies e
Object Detection Using YOLOv3 Algorithm: 4/ ke Vi i s 3 |
YOLOv3 Algorithm Implementation: ! R (
* Implemented YOLOv3 (You Only Look Once V3) o o [l s (
architecture. = . B -
— Near-Time and Real-Time object detection. 2
« Suitable for streaming videos, static videos, and still
images.
— Uses 53 convolutional neural networks layers (CNN). You Only Look Once version 3 (YOLOV3) architecture. Source:

Reference: https://towardsdatascience.com/yolo-v3-object-detection-53fb7d3bfe6b

 Deep network for maximum feature extraction. -

— This network uses residual skip connections and up- /I \
: . relu
sampling techniques.
ping techni I — - e

F(x) F(x)+x

» Helps the neural network converge and generalize.
— GPU server is used for the Real-Time object detection.

You Only Look Once version 3 (YOLOv3) Skip Connection Implementation

Advancing the research and academic mission of Florida International University.
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Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Object Detection Using YOLOv3 Algorithm:

Results:

* YOLOv3 model able to detect the
wooden block on a countertop surface
with 0.96 confidence score.

* YOLOv3 model able to detect the
wooden block on outdoor test facility
mock-up wall with 0.78 confidence
score.

Advancing the research and academic mission of Florida International University.
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Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Object Detection using Lidar Scans:

Neural Network Algorithm Implementation:

>> Input Output >>
« The following neural network layers are implemented

Input — Dense (8) — Dense (8) — Dense (16) — Flatten — Dense (2) Class 0: Wall

Class 1: Block
* The input to the network is a 3D array of Os and 1s.

 The last layer of the network is a dense layer of 2
neurons since we want probabilities of the input
belonging to either Class 0 (wall) or Class 1 (block).

Advancing the research and academic mission of Florida International University.
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Presented Atrtificial Intelligence Application to
D&D Poster at WM2020 symposium.

Conference attendees had a lot of interest in
this research focused on Atrtificial Intelligence
technologies in D&D area.

Title: Artificial Intelligence Application to D&D
Authors: Himanshu Upadhyay, Leonel Lagos,
Santosh Joshi

Task 6 — Analysis of Image Data using Machine
earning/Deep Learning and Big Data Technologies

FIU

Applied Researc!
Center

2 the ageing faclities 3t DOE Complex await decommissioning, there &
a angaing need to uncerstand the structural health of these structures
Many cf these Baclibies were bullt aver 50 years aga and in some cases
these faglites have gone beyond the cperasanal ife expectancy. m
other cases, the fclibies hawe been placed In 3 state of “cold and dark”
and they are sitting unused, wwaling decommissicring. Especlly
chalenging  are the aging faclimles  that prowide  urigue
operational/production capabilities to support critical DCE misskons and
cannct be shut cow.

It k& critical that adequate inspections be performed on a continual
basis.

The data colected from the nucear infstructure undergoes
sufficlent analysis to support umely identificasian of any new ar
warsening stroctural ksuas.

Artificial inteligence framework to analyze the huge amount of data
penerati by fhe sensors, as well as imagery devices , io moniar the
concltions of the building aver 3 period of time.

The primary gaals of this research & ta evahate machine leaming'deep
leaeming algarthens and framewerks that can be effoctrvely employed o
solve EM challenges in survedllance anc maintenance of the DED
facilities.

= FIU has performed extensive research in the area of Artifical
riteligence and itz applications to D&D problem sets.

Focused areas indude Clhassificabian, Image Frocessing and Object
Becagnition.

Introduction

astifical wieligence |5 3 beoad field o which computer sclence

Artificial Intelligence Application to D&D

H. Upadhyay, L. Lagos, S. Joshi
Applied Research Center, Florida International University, Miami. FL. 33174

ARTIFICIAL INTELLIGENCE
A program that can sense, reason, act, and
adapt

MACHINE LEARNING

Machine Learning

Maching Learning i the science of getting camputers o leam and act like
hurnans do, and Improue their leaming cusr time in autanomaus fachion,
by feeding those data and Informatian in the form of cbservations and
real-woeld Interactions.

* Machine learring algonthms are aften categorized a5 superdsed o
unsupervised.

« Supervised mackine leaming slgorithens can apply what has been
learned in the Fast tn rew data sing ibeled samples o precict
future events

Unsuperssed machine leaming agoethms are used when the
infarmation used 1o train is nether classified nor bbeled.

techniques are applied to enable machines ta mimic b

* &l perdarms the cogritive funceions such as ‘leaming” and “aroblem
sahing”

* &l has applicaticrs in wide mnge of Industries such as Erergy and
Mining, Heslthcare, Murfactuing, Finance, Marketing,  Retail,
Transpartation, Agricubture, Huclear Incustry stc.

* Alls 3 bigger umbrella which ircludes Machine Leaming and Deep
Learming.

* Main categorles of machine leaming akgorithms irclude Regressian,
Classificatian and Anamaly Detecticn.

Ervals anw labeied 2%
s i el

e ot i gt
classificanon

Machine Learning Eamets

Artificial eural Metworks (ANN) are set of algorithmes, locsely moceled
and inspired by the biological human brain, which are designed to
recognize patters.

Deep Leaming

Deep learning is @ subset af machine karning based an ANNS that use
multiple lagers in succession ta progressiwely extract features

* Two major types of Deep Neural Networks are Convolutianal Seural
Péerworks {0 and RBCLITENE Mewral Metworks (RN

* O b5 a dass af deep neursl netwerk that 15 mast commanly applied
ta visual imagery. CNNs have many applcatians in image and videa
recognition, image classification, and] image analysis.

* RN 15 a type of artficial neural netwark desigred to recognize 3
cata's sequential charctenistics and use pattems to predict the net
likely scoraria. RNMi am mairky wed In spesch recogrition and
ratural language processing.

Applications of Deep Learning
[re—
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‘Case Study: D tructural Health Monitaring

FIU has developed pilotscale infrastructure to implement structural
health manitaring using A1 techaalagies focused on machine leaming and
deep learring. This ressardh Implements Computer Viskon and image
Classificaion areas af ceep learming.

Data Cobection:
* Over 28,000 mages were collected fram the outdoar test facilty,
= images form a baseline for the medel a kearn and validate.

= images are labelied as either “Sasebne” or “Degrackec.

— P

‘DD Outdoar Test Facllity ock-up Wall

*+ A Slayer decp CHN architecture was desgred to tadde the
classification task between “Baselng” and “Degraded”

* GEW to 58 % classication acouracy was achieved with “Saseine’
and “Degraded” datasets collected from the mack-up facilty.

g0 N\WN\\

Deep NN Aschitoctire.

FIL will confirue the research on deep leaming algerithms for object
datection in 3-dimensicnal space. It will be used for lacabing cracks and
Cetermining If they have changed in size campared 1o the baseline, This
approach wil show DAD experts varicus cracks and their conditicn over
Eime.
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Task 6 — Analysis of Image Data using Machine
Learning/Deep Learning and Big Data Technologies

Proposed Scope for FY20/FY21

Artificial Intelligence support for DOE-EM problem set — D&D

FIU will continue to work on Surveillance & Maintenance of D&D Infrastructure by
applying the Al technologies.

FIU will work on Predictive Analysis using Machine Learning Models to detect
cracks on the infrastructure. This will serve as an early notification to facility
maintenance personal to pay particular attention to the identified areas.

FIU will continue work on One Class SVM, AE, CNN and GAN to improve on
object detection leading to identifying cracks on the walls of D&D infrastructure.

* This task will lead to PhD work of DOE Fellow — Roger Boza focused on
Computer Vision.

Advancing the research and academic mission of Florida International University.
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Artificial Intelligence Support to DOE-EM
Soil & Groundwater

Task 7 — Al based Evaluation of Cr (VI) Concentrations in
Groundwater in a Dynamic Pump and Treat Remediation
Scenario (New)
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Task 7 — Al based Evaluation of Cr (VI) Concentrations in
Groundwater in a Dynamic Pump and Treat Remediation
Scenario (New)

Proposed Scope for FY20/FY21

« Artificial Intelligence support for DOE-EM problem set — Soil & Ground Water

 Machine learning and deep learning models can be developed to identify
patterns, address knowledge gap and ultimately predict transport of Cr(VI) in the
subsurface of the 100-H Area.

« Exploratory data analysis of water quality and contaminant data

 [dentify key master variables controlling Cr(VI) concentrations in
groundwater/monitoring wells and the vadose zone

 Study the changes in precipitation patterns on Cr(1V) distribution
 Data visualization of contaminants and well distribution

Advancing the research and academic mission of Florida International University.
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