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ABSTRACT
The purpose of this thesis is to mathematically model the

Tactical Unmanned Ground Vehicle (TUGV) in the Janus(A) Combat

Model. The TUGV has three sensors, an optical, thermal, and
acoustic sensor.  Algorithms currently exist in Janus(A) for
both optical and thermal sensors. An acoustic detection
algorithm exists although not available to all Janus(A) system
users. This thesis examines the TUGV prototype, explains the
Janus (A) TUGV model, discusses existing acoustic detection
algorithms, and tests the TUGV model in a scenario driven

experiment.
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I. INTRCDUCTION

A. GENERAL

The overall acquisition process for a material system
within the Department of Defense (DoD) is an intensive and
often lengthy process. The process is multi-faceted, yet
consists of four distinct phases which occur after the need
for such a new system surfaces. 'I‘hé first phase is the
Concept Exploration and Definition phase. This phase
investigates the role, mission, and functions of the new
system. The next phase, the Demonstration and Validation
phase, examines the suitability of the system in question to
perform the required mission. Next, the Engineering and
Manufacturing Development phase explores technical issues.
The final two phases deal with the production, deployment and
support required to field the new system. Prior to a phase
beginning, developers conduct a milestone review, referred to
as Milestone 0, I, II, III, and 1V, respectively. Prior to
Milestone III, various agencies perform Operational Testing
and Experimentation (OT & E). The OT & E is a general term
used to describe the examination of a new material system
under a realistic operational condition and environment by a

group selected tc represent the actual user. [Ref. 1]




While 2ll phases of the acquisition process are important,
the Operational Testing and Experimentation phase which takes
place during the Concept Exploration and Definition,
Demonstration and Validation, and Engineering and
Manufacturing Development phases is critical. The OT & E,
"through an intense process, shows if or how well a new
‘material system will perform its assigned mission. Thus, OT
& E directly impacts on the success or failure of a new
material system. The intense process of operational testing
consists of Early User Test and Evaluation (EUTE), Limited
User Test (LUT), the Initial Operational Test (IOT), and
Follow~on Operational Test (FOT). While this process may seem
complicated, it is based on a logical sequence of events. The
EUTE is designed to test the basic concept of the material
system, to examine training and logistical requirements, to
determine interoperability requirements, and to identify
future testing requirements. The LUT provides a data source
for operational assessments in support of reviews prior to the
IO0T. The Initial Operational Test determines the
effectiveness and suitability for the user of the system under
examination. The FOT actually occurs during or in conjunction
with the production phases. The goal of FOT is to ensure that
deficiencies identified by previous operational tests were
corrected. [Ref. 1]

Presently, the United States Army and Marine Corps have

a new enemy detection and target acquisition system in the




operational testing and experimentation portion of the
acquisition process. This new system is the Tactical Unmanned
Ground Vehicle (TUGV). The TUGV is an unmanned, robotically-
controlled system designed primarily to detect enemy targets
and concentrations. The TUGV consists of two major
components, a remotely operated unmanned Mobile Base Unit
(MBU) and a manned Operator Control Unit (OCU) together
constitute the TUGV system. The High Mobility Multipurpose
Wheeled Vehicle (HMMWV) serves as the platform for both the
MBU and OCU.

The primary mission for the TUGV is to operate
continuously over extended periods of time while conducting
reconnaissance, surveillance, and target acquisition (RSTA).
In order for the MBU to manage this RSTA, it will be equipped
with several sensors. These sensors include optical, thermal,
acoustic, and Nuclear, Biological, and Chemical (NBC)
detection devices. [Ref. 2] 1In terms of RSTA, this thesis
will deal primarily with the optical, thermal, &nd acoustic

sensors.

B. THESIS8 OBJECTIVE

The objective of this thesis is to model the TUGV in
Janus (A) Combat Simulation Model by using the Model-Test-Model
(M-T-M) concept. The M-T-M concept is a tool designed to
exploit both combat simulation modeling and field testing

capabilities within the U.S. Army analysis and operational




planning agencies. Model-Test-Model consists of five phases:
long-term planning phase, pretest modeling phase, field test
phase, post-~test modeling phase, and the accreditation phase.
This thesis deals primarily with combat simulation modelihg of
the pretest modeling phase. By conducting the pretest combat
simulation modeling prior to a field test, the analyst can
gain useful information in planning and designing the field
test. For example, while conducting modeling experiments in
the Janus(A) combat éimulation, thé analyst‘méyfdetermine an
optimal distance to place the TUGV in front of his forces or
where best to halt movement of the TUGV and his forces to
prevent the TUGV and his forces from getting killed. [Ref. 3]
Also, the analyst can help set objectives like how many
detections the TUGV should get for the field tests by
conducting combat simulation modeling prior to the field
tests.

This thesis will first describe the TUGV and its design on
the Janus(A) combat model. Then a theoretical discussion of
acoustics and how sound propagates in reference to varying

weather conditions. Following the theoretical analysis of

'souhd the current sound algorithm used in the model described

in this thesis will be analyzed by first considering the

theory behind its development then the actual code. The
discussion concerning sound will conclude with a theoretical
discussion of modifying the current sound algorithm by

considering elements from the Urban Combat Computer Assisted




Training System (UCCATS) and Blast Noise Prediction (BNOISE)
sound algorithms; which are two other models which currently
use sound. Particularly, this thesis will consider the
temperature inversion which BNOISE takes into account.
Finally, an analysis of the number o¢of detections and
survivability is done by comparing scenarios with and w;thout
the TUGV and how varying the weather conditions effect the

number of detections. [Ref.4,Ref.5]

C. ISSUEBS

This thesis directly supports the United States Army Test
and Evaluation Command Experimentation Center (TEC) by giving
TEC critical modeling information prior to the actual field
tests during whet is referred to aslthe Early User Test and
Experimentation (EUTE). The EUTE of the TUGV includes both
Army and Marine units. The Army has one mechanized infantry
platoon, and the Marines have one dismounted platoon. The
Army and Marine platoons, known as the ’‘blue’ forces, oppose
the enemy, known as the ’‘red’ force. 1In all scenarios of the
EUTE, the red force has four Cavalry Fighting Vehicles (CFVs).
The EUTE is now scheduled to occur in February 1996. [Ref. 6]

A specific issue addressed in this research is whether or
not a realistic portrayal of the actual TUGV can be
represented in the Janus(A) model. This issue will be

answered through applicable discussion and the corresponding

Janus (A) model representation. In regards to the efficiency




and effectiveness of the TUGV design, specific issues to be
addressed include the following:
(1) determine whether or not the proposed scenarios are
feasible and assist in examining the difference

between a unit with or without a TUGV,

(2) determine whether a unit having a TUGV significantly
increases its detection capabilities,

(3) determine how much varying the weather conditions
effect the acoustic detection capabilities of the
TUGV, and ‘
(4f identify‘whether or not it is cost effective to
add sound algorithms to the existing Janus(A)
model [Ref. 7:p. 6].
D. BACKGROUND OF SENSORY PLATFORMS
Prior to examining a new sensory system, one should
examine past sensory systems such as the Remotely Monitored
Battlefield Sensory System (REMBASS) and the Standoff Target
Acquisition System (SOTAS) in order to take advantage of any
of these systems strengths and avoid any of their weaknesses.
REMBASS supported battalion level and above operations and
consisted of three basic sensors: acoustic/seismic, magnetic,
and infrared. A team emplaced the sensors where they could
best cover the area of operations. The range of the magnetic
and infrared sensors was limited by line-of-sight (LOS). The
capabilities of REMBASS sensors are listed in Table 1. An
example of a limitation to REMBASS is that an animal may

activate the seismic and infrared sensors. Probably, the

greatest limitation of REMBASS is that it is a stationary




device which can not be moved rapidly from one location to

another. The TUGVY in this model is remote and can be moved

from point A to point B in relatively short period of time.

TABLE 1 REMBASS SENSORS
CAPABILITIES OF REMBASS SENSORS

SENSOR TARGRT DISTANCE
ACOUSTIC/SEISMIC | VEHICLES/PERSONNEL 500/50 m
MAGNETIC VEHICLES/PERSONNEL |  500/50 m

INFRARED ANY 45-50 m

In addition to the REMBASS, a separate airborne system,
the Standoff Target Acquisition System (SOTAS) once existed.
The SOTAS was a helicopter mounted side looking airborne radar
that flew 25 kilometers behind the Friendly Line Of Troops
(FLOT), detecting out to 75 kilometers. However, SOTAS never
had any type of acoustic or thermal device on it; therefore,
it was limited to optical and its radar capabilities. This
system was at a disadvantage since it had no acoustic or

thermal detection device. [Ref. 8]

E. WHY INCORPORATING SOUND IS NECESSARY
The study of military target acquisition is the work

"Search and Screening" by B.O. Koopman (1946). Koopman




defined detection as, "that event constituted by the
observer'’s becoming aware of the presence and possibly of the
position and even in some cases of the motion of the target".
Listed below are the five levels of target acquisition:
(1) Cuing information: Approximate location determined
by noise.
(2) Detection: Object in field of view.

(3) Classification: Observer able to distinguish
target.

(4) Recognition: Discrimination among finer classes.

(5) Identification: Precise identity known. [Ref. 9]

Visual and thermal detection rely solely upon LOS.
However, noise from artillery rounds or tank rounds create
emanating sound. This emanating sound can give an observer
cuing inférmation. With cuing information, an observer can
point his optical or thermal sensors in that direction to
better enable him to detect the enemy. Cuing information also
enables the blue force to fire artillery rounds at the red
force before actually seeing them.

Currently, the only widely used algorithm for aural
acquisition in a combat simulation model is in UCCATS. The
UCCATS algorithm is a combat simulation model designed
specifically for Urban Warfare. UCCATS was developed at the
Conflict Simulation Laboratory at Lawrence Livermore,

California. United States Army Europe (USAREUR), particularly




the Berlin Brigade, was the first major users of UCCATS.
Today UCCATS is being used by the Drug Enforcement Agency
(DEA) to assist in modeling low intensity conflicts. The DEA
and USAREUR can model Urban Warfare and low intensity
conflicts at a much reduced cost and can run several different
scenarios. UCCATS detects mechanical vehicles based on sound
cuing. Sound’cuing is based on the distance between the
vehicle and the detecting unit. Primarily, UCCATS plays
sound which Janus (A) currently does not have available. [Ref.
4]

A possible disadvantage to adding a sound algorithm to
Janus (A) is that it will take more computing time and may slow
down the combat simulation model. Therefore, as the fourth
issue indicated, this thesis will discuss the advantages of
utilizing sound versus the additional computing time. a
possible solution to enhance the speed of computing should it
be slowed down too much by adding a sound algorithm would be

to utilize parallel computers.




II. MCDEL-TEST-MODEL CONCEPT

A. MODEL-TEST-MODEL PROCRSS

As stated in Chapter I, the M-T-M process consists of five
phases: long-term planning phase, pretest modeling phase,
field test phase, post-test modeling phase, and accreditation
phase [Ref. 3:p. I-177].

1. Long Term Plaﬁning Phase

This phase begins with all concerned agencies and

individuals agreeing to accept various responsibilities in the
project. Such responsibilities include working relationships,
resource commitments, and products produced by the agencies.
Generally this phase is formalized by a Memorandum of
Agreement (MOA) specifying the above agreements [Ref. 3:p. I-
180).

2. Pretest Nodeling Phase

This phase begins the actual modeling process.

Essentially, this phase serves as an aid to planners prior to
the field testing. Actually, this phase contains two
different types of modeling with separate objectives. The
first type, product modeling, supports Force Development Test
and Evaluation (FDTE). This type, known as pretest FDTE
modeling, utilizes maneuver unit leaders and focuses on

resolving doctrinal issues of the system to be modelled and

10




evaluated. Refining the test design is the primary objective
of the pretest FDTE. The second type of modeling performed in
this phase is the pretest operational modeling. One objective
is "to examine whether the test objectives can be met with the
proposed test design." [Ref. 3:p. I-181] This thesis deals
primarily with this phase, pretest operational modeling, of
the M-T-M proceSs. The TUGV will be created and tested on the
Janus (A) combat model. This pretest modeling may aid plznners
in designing a more effective and efficient field test.
3. Field Test Phase

During this phase, the modelers evaluate the system in
an actual operating environment. Usually, these modelers are
military specialists and experts trained in both the system
under evaluation as well as in methods of experimentation. It
is critical that the modeler stay involved with the field test
to better appreciate the test procedures and data collected.
The data collection process then begins. [Ref. 3:p. I-182]

4. Post-Test Modeling Phase

In this phase, the customer determines which measures
of performance to use to compare field test data to the model
output data. In this phase the modeler adjusts the constructs
of the model as required. This adjusting of the model is
called the calibration of the model to the test. [Ref. 3:p. I-
183)

11




5. Model Accreditation Phase

This is the final phase of the M-T-M process. In
fact, this phase begins the process again and allows for
further refinements and improverments. For the modeler, this
step can prove to be the most difficult since he or she must
prove the credibility of the model. Generally, the agency
responsible for the output of the product must accredit the
model by stating that the inputs as well as the outputs are,

in fact, reliable. [Ref. 3:p. I-184]

B. DRSCRIPTION OF JANUS (A)

The simulation modeling tool used in this effort is the
Janus (A) Combat Model (version 3.1). The original version of
Janus, Janus 1.0, was developed at the Conflict Simulation
Center at Lawrence Livermore Laboratory (LLL) (1978-1981) for
the purpose of creating a two-sided analytical and training
tool to study the modern day battlefield. It was later
modified by the Janus working group at the Training and
Doctrine Command (TRADOC) Analysis Command (TRAC), 1983, at
White Sands Missile Range. Janus is intended for use at
brigade-level and below.

Janus (A) is a computer-assisted, opposing-force model,
which is a FORTRAN-based wargaming simulation designed for use
on a Digital Equipment Corporation (DEC) VAX/VMS computer
system. The Janus(A) system is a high-resolution, interactive

two-sided, closed, stochastic ground combat simulation model.

12




"High resolution* refers to the degree of resolution of the
modeling of individual systems. "Interactive two sided"
refers to the fact that two analysts, representing blue and
red, interact with the system as the situation evolves.
"Closed" means that each analyst is unaware of the other
analyst’s moves and actions. "Stochastic" refers to the
random means of determining hits and kills. Each hit and kill
is determined by preset probabilities of hit and kill (PH/PK).
The Janus(A) system models the size and composition of the
opposing forces, weather, amount of light, visibility, and
chemical environment. In addition, the Janus(A) system will
model individual weapons and systems which are part of the
forces. From a tactical standpoint, Janus(A) can model
engineer support, minefield emplacement and breaching, rotary
and fixed-wing aircraft and resupply issues. [Ref. 10, Ref.
11)

Contour lines and varying colors portray terrain,
vegetation, and cities in Janus(A). Corresponding to the
Defense Mapping Agency elevation, each terrain cell represents
a fifty meter resolution. Each graphical symbol depicts one
system and each system may have one or several weapons on it,
[Ref. 12]

Combat between two systems or forces in the Janus(A) Model
is based primarily on LOS. An algorithm exits in Janus(A) to
determine the LOS based on the terrain and visibility

conditions. The forces currently detect other forces based on
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a physical LOS betWeen each other. Since Janus(A) relies
solely upon LOS for the detection cf‘two forces, a recommended
improvement to TRAC White Sands, New Mexico, who manages
Janus (A), is to add a sound algorithm to Janus(A) 3.1, which
is the most current edition. The attenuation of sound waves,
of course, do not depend upon LOS.

Janus (A) has a comprehensive postprocessing procedure
which aids in the collection of data such as detections. The
Janus (A) postprocessing procedure will be used in this thesis
to collect detection and survivability data between the blue
and red forces. This data will then be analyzed to determine

the effectiveness of adding the TUGV to the force.
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IZI. TACTICAL UNMANNED GROUND VEKICLE

A. GENERAL

Prior to describing the model, a firm knowledge and
understanding of the vehicle or the platform that transports
the sensory module is required. This chapter describes in
detail the performance characteristics of the platform and the
sensory module of the prototype Tactical Unmanned Ground
Vehicle (TUGV) as it currently exists. The physical and
performance characteristics of such a prototype vehicle are in
a state of change due to the nature of designing and
developing a new weapon system. Thus, as development
continues, some of the data may change or even become
obsolete. However, based on the most up-to-date data
available, this chapter is a “'blueprint" of the actual
prototype vehicle to be modeled in the Janus(A) combat
simulation model system. Figure 1 on the following page is a
photograph of the protoype TUGV and its control panel.
Although the vehicle platform has changed to the 4-Wheeled
High Mobility Multipurpose Wheeled Vehicle (HMMWV), this is
the most up-~to-date photo of the propcéed design. This photo

was included to give a conceptual notion of the TUGV to the

reader.
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