DEVELOPMENT OF A SIMULATED
ENVIRONMENT FOR DECISION MAKING WITH
AN AUTONOMOUS SYSTEM UNDER
UNCERTAINTY

NORTH CAROLINA A&




OVERVIEW

Infroduction
Background

Statement of the Problem

P\

S T lﬂ| T E U N I U E R S | T Y Testing, Evaluation, and Control of Heterogeneous Large-scale Systems of Autonomous Vehicles




OVERVIEW (CONTINUED)

Methodology

omputer-based Simulation Testbed

NORTH CAROLINA A¢ M‘

STATE UNIVERSITY e Ent el




INTRODUCTION
BACKGROUND

Problem

Explosive detection has been an issue for military and law
enforcement personnel

Lack of automation interaction

man deciding independently
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INTRODUCTION
BACKGROUND

Computer-based simulations
Huge number of skilled individuals needed
- Cost efficient due to ambiguity (personnel and computer fime)
YA in real fime with the use of:
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INTRODUCTION
BACKGROUND

Real Life Stories

United States Bomb Data Center (USBDC)

Explosion Incidents Chart
2012-16
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INTRODUCTION
BACKGROUND

World Trade Center (New York City, September 11, 2001)
Most highly ranked event within the United States history
Report of 2,666 deaths

Possibly involved explosives on planes or buildings
nvironment (VICE)

af
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INTRODUCTION
BACKGROUND

Why are simulated environments needed by military, homeland
security, and law enforcement?

Prevent hazardous situations (i.e. detecting explosives)

~ Practice for both experienced and non-experienced individuals
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INTRODUCTION
BACKGROUND
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INTRODUCTION
STATEMENT OF THE PROBLEM

Creation of a system (simulated environment)

Benefits of the simulated environment
Enhancing users utilization
v s to be made by a user
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INTRODUCTION
PROJECT AIMS

Develop a guideline that will be effective in implementing
decision making for an autonomous system into an environment
that is simulated.

Develop a tool that will enhance, infegrate, and innovate a
ematic process that will enable users to make decisions that

ion between

)
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INTRODUCTION
FRAMEWORK(DECISION MAKING/JUDGMENT)

Become more infroduced with the use of automation

Process of making choices

dentification of decisions

v
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INTRODUCTION
FRAMEWORK(DECISION MAKING/JUDGMENT)

Suitable decision making approach — Lens Model

Describes relationships between the environment and behavior of
organisms within the environment

Use of ANOVA design

mponents such as decisions made by users

imulation
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Achievement (1)

@ utilization
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LENS MODEL
LENS MODEL EQUATION

Mathematical Approach

Five Parameters

ra — Achievement
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LENS MODEL
LENS MODEL EQUATION

Descriptions of the five parameters
Table 1
Description of LME Parameters

___Variables | Names | Meanings |

Correspondence between the human's
judgment and the actual environmental
state

Reflects how well the prediction of the
environment based on the state of the
linear model

Reflects how well the prediction of

Achievement

Predictability

Control human's judgment in correspondence
with the linear model
) Reflects how well the actual environment
G Linear Knowledge

is captured based on model of the
human

Reflects the differences that are similar
c Unmodeled between both the predicted and the
actual of the human judgments and the
Knowledge .
values of the environment
y
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LENS MODEL
HYBRID LENS MODEL (HLM)

Two categorical data sets (decision) and coding (E—1 and N—O0)

Y1 Y2 Y1 (coded) Y2 (coded)

N\ 1 0] Not a Match

1 Not a Match
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METHODOLOGY
STRUCTURE OF THE FIGURE
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METHODOLOGY
STRUCTURE OF THE FIGURE

Four tabs

Start — Begins the simulation
Autonomous system moves to one of the top numbers randomly

er selects the random number
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METHODOLOGY
STRUCTURE OF THE FIGURE

Open - Allows the user to open the data file (Excel)
Reset — Gives the user the option to start the simulation over

Exit — Saves and closes the simulation

0 rows and 10 columns)
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EOD (Exploshee Qedrance Dispeaal)
| Start | Open Feset  Bat
[ BOD Semdaten|
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o5 Information ... SIMULAT'ON (TEST RUN ])

Cu
ec1; 0.03 es are displayed to the user

I 7
C2: 0.15 Decided . sded to come to @

C3: 02

C4: 0386
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Use Confidence (1) X SIMULATION (TEST-RUN 1)

Corfidence (0- 1.) ision should be based on a confidence level

¢ )
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SIMULATION (TEST-RUN 1)

xample of the user inputting his/her first
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@ bomaton.. — O X SIMULATION (TEST-RUN 1)

ADA’s Decision

ision of an autonomous system is revealed to the
Decided ?
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SIMULATION (TEST-RUN 1)
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User Confidence (2]

SIMULATION (TEST-RUN 1)

Corfidence (0-1.0)
ce level scale used from Q0 to 1

¢ 5,
5 T IE'l T E |_I N I "l'f E R ‘5 | T "‘r' Testing, Evaluation, and Control of Heterogeneous Large-scale Systems of Autonomous Vehicles




User Confidence () X S INM U L ATI O N ( T ES T-R U N 1] )

Corfidence (0- 1) : mple of the user inserting his/her second confidence
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EOD (Explasive Ordnance Dispasal)
Start Open Reset Exit

EOQD Simulation

Lewvel of Probability:
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TR TUE SIMULATION (TEST-RUN 1)
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Decision Making for Explosives

y=0.1137x+0.4545
R?=0.0144

HO's First Confidence Level

0.6
ADA's Confidence Level o
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Decision Making for Explosives
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Decision Making for Explosives
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Decision Making for Explosives

" y =0.9002x +0.0861
: R?2 =0.8569
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FUTURE WORK

Research information to create a useful and beneficial guideline
to implement users

Enhancing tools to effectively apply to the simulated
environment

Jted environment is expected to be run in the
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