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SECTION |
INTRODUCTION

BACKGROUND

Submarine tactics have continually evolved, undergoing unusually major changes in
recent years, The almost procedural target motion analysis (TMA) techniques of the
past (e.g., matching spots) have evolved into an extremely complex information
processing problem, drawing raw data and processed information from a variety of
sources, A variety of sophisticated TMA techniques are currently available (e.g.,
Kalman automatic sequential tracking (KAST)); each of these has a variety of
associated processing capabilities (e.g., bearing editing), The sonar and fire control
parties are becoming more closely integrated as a result of the importance of this
coordination and the increasing degree of sonar information processing. Many of the
recent substantial changes in tactics, and their underlying operations, can be traced to
the deployment of new sonar, fire control, and weapon systems (e.g., AN/BQQ-5 sonar
system, MK 113 MOD 10 fire control system, MK 48 torpedo). These more sophisticated
hardware/software systems, introduced in the late 1960s, have paved the way for rapid
evolutionary changes in tactical capabilities and operations.

The recently developed tactical system capabilities have placed new burdens on
submarine personnel. The available data processing capabilities and complexity often
require a higher level of individual and team skill to achieve the system's maximum
tactical effectiveness than was required in the older systems. The operator's role is not
reduced in the new systems, Rather, system potential has increased as a result of
increases in hardware/software capabilities and operator capabilities. Greater skill is
required at all levels, from the console operator (e.g., editing bearings on the MK 81
Weapon Control Console (WCC)), to the fire control coordinator (e.g., editing vast
quantities of incoming historical data), to the approach officer (e.g., selecting MK 48
torpedo weapon setting parameters), The level of skill required is such that each
position in the fire control and sonar parties should be manned only by a subject-matter
expert,

The roles of training and training effectiveness have become increasingly important
factors. The greater level of operator skill demands effective training as well as severe
constraints on money and time to achieve those objectives. At a time when operational
system developments point to the need for increased training time, submarine manning
considerations have allowed less training time. For example, the 6-week Submarine
Officer's Basic Course (SOBC) replaced the more comprehensive 6-month Submarine
Officer's Indoctrination Course (SOIC) for those officers reporting to nuclear sub-
marines, This change, which occurred in the late 1960s, has resulted in substantially
less basic training, with greater emphasis on experience gained at sea. Conversely, the
trend has been to use submarines less for at-sea exercises due to increased demands for
their operational deployment. Hence, on-the-job (OJT) training has received greater
emphasis. These factors point to the need for closely coordinated onboard and shore-
based training. Furthermore, they necessitate a high yield in training effectiveness.

The existing submarine combat system trainers (SCSTs) lack fundamental tech-
nology that has the potential to greatly enhance the tactics training process (i.e.,

ik i " - " & s TR TTION
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Hammell, Sroka, and Allen, 1971; Hammell, Gasteyer, and Pesch, 1973). The SCST has
two general functions of equal importance. The first function is to simulate the
tactical situation, including the own ship systems (e.g., MK 81 WCC displays reflecting
own ship maneuvers), the environment, and the target. All of the simulators perform
this function with a relatively high degree of sophistication. The second function of the
training device is to provide assistance to the instructor and/or trainee and may consist
of a variety of capabilities essential to training (e.g., generation and presentation of
feedback information). Both functions, and their close integration, are crucial to an
effective training process. Existing SCSTs have only minimal training assistance
capabilities. They lack, for example, automated performance measures and detailed
feedback display information which could greatly enhance the training process. Several
of the more recent training device modifications (e.g., the 21A37 Device updating) have
included additional training assistance capabilities. Nevertheless, substantial improve-
ments in tactics training effectiveness may result from the addition of state-of-the-art
training assistance technology.

Training assistance technology (TAT) capabilities have been recommended specifi-
cally for submarine tactics training (Hammell et al, 1971; Hammell et al, 1973)
including: (1) diagnostic information display, (2) performance measures and standards,
(3) analysis capabilities, (4) a knowledgeable opponent, and (5) alternative tactics
investigation capabilities (see Figure 1). These capabilities, which are generally not
operating on existing SCSTs, are fundamental to develop and conduct the training
process.

Several investigations have demonstrated the feasibility of the TAT capabilities. A
series of studies were initiated by the Naval Training Equipment Center
(NAVTRAEQUIPCEN) to develop a prototype trainer with TAT capabilities and
demonstrate their use (Pesch, Hammell, and Ewalt, 1974; Hammell, Pesch, Ewalt, and
Rabe, 1976). The nrototype trainer was configured around the MK 8! tactics mode
display. A software model was developed to simulate submarine interactions on the MK
81 tactics mode display, with the supporting TAT capabilities. A variety of naval
personnel have witnessed the operation of the prototype, both at NAVTRAEQUIPCEN
and at Eclectech Associates' (EA) facilities, with favorable comments. Commander
Submarine Training Center Pacific (SUBTRACENPAC) issued a letter to Chief of Naval
Operations (OPNAV) OP-29 requesting the installation of TAT capabilities on the 21A%40
Training Device in San Diego. This prompted an independent, limited investigation of
TAT by the Naval Personnel Research and Development Center (NAVPERSRANDCEN)
(Callan, Kelley, and Nicotra, 1978). They found strong support for TAT by the
submarine crews undergoing training on the 21A40 Device, and measured an increase in
training effectiveness as a result of TAT.

These investigations, although strongly supporting the TAT concepts, did not
definitively demonstrate the effectiveness of TAT capabilities in submarine tactics
training. TAT capabilities must be objectively evaluated to demonstrate their training
effectiveness, and to provide the necessary impetus for their installation in the existing
and future SCSTs. The cost of adding TAT capabilities should be relatively low to result
in substantially improved training cost effectiveness. If TAT is accepted as a cost
effective means of enhancing tactics training, the relative effectiveness of alternative
TAT configurations needs to be determined. The TAT represents a variety of general
capabilities, each of which may be used in different configurations. Characteristics of
the information feedback display, for example, would depend on the specific training




0 s i S A 0 S

b
~
=
(=]
1
o
d
~
~
z
w
4
2
o4
w
<
- 4
-
>
<
P 4

sanqiqeden A8ojouyoa] Iduessissy Buturel] papudawwoddy 1 aanBrg

.

ﬂ
SISATYNY @
WAIGALINGT %

- -y,

/ 4 b
DNVREOIN
/ NOLLYINNIS \

TUYAGUVH \
TYNOLLYH340 \ o o

~ SADIAG 7

SOLIVL
/ FALLYNHALTY

Avidsia
\OLLY W¥O4NT
ILSONIYV G

B ooy Ll o it TS el s 2 SO b LA R DR S e s e S e W G B s M R L B Rl S N N S S R R (RS P S PN T )
o i el s i e chael b LRGN e Vit "

Y




NAVTRAEQUIPCEN 77-C-0107-1

objectives, scenario contexts, performance measures, training strategy, and human
perceptual characteristics. The TAT concepts have been developed and demonstrated in
a limited context; they require further evaluation and development ‘o achieve an
effective configuration.

PROJECT OBJECTIVES

A multiphase project has been formulated to evaluate TAT in the operational
tactics training context. The objective of this project has been to install several TAT
capabilities on an existing SCST, to develop a tactics curriculum segment using the TAT
configuration, and to evaluate the effectiveness of TAT in the operational tactics
training context. This project has been divided into three phases to: (1) select training
device and course, and develop the training exercises; (2) validate the exercises via pilot
evaluation, specify in detail the hardware and software, and develop a criterion test for
assessing training effectiveness; and (3) install the TAT on the selected trainer, and
evaluate TAT as part of an operational tactics course. The goal of the project will be
achieved by implementing a TAT-based curriculum segment during a formal course at
Submarine School (SUBSCOL), New London. The TAT-based curriculum will comprise a
portion (i.e., 1 or 2 days) of the course's curriculum, replacing an existing portion. The
evaluation of TAT will consist of comparing officers trained via TAT versus officers
trained in the traditional manner.

EMPIRICAL INVESTIGATION OF TAT

An empirical investigation of TAT in an applied training context was conducted
using the EA prototype trainer to provide tactics training to experienced naval
submarine officers. Although somewhat independent of the TAT implementation and
evaluation of SUBSCOL, this investigation provided fundamental information pertaining
to TAT effectiveness and TAT configuration for the subsequent SUBSCOL evaluation.
The interaction between project and SUBSCOL/SUBGROUP TWO personnel during
planning for the SUBSCOL evaluation and the exercise material development effort
provided an excellent opportunity to conduct an applied laboratory experiment during
the first phase. This experiment is addressed separately in Section IV.

INTERACTION WITH SMARTTS

This project represents a continuing effort to provide advanced training technology
capabilities to the tactics training community by implementing and evaluating the
effectiveness of TAT in the operational submarine training context. The growth of the
project stems from earlier requirements studies (e.g. Hammell et al, 1971; Hammell et
al, 1973) and developmental efforts (e.g., Pesch et al, 1974; Hammell et al, 1976). It
furthermore draws upon a variety of research and development efforts relevant to
submarine tactics training (e.g., Sidorsky and Simoneau, 1970). Many of the TAT
concepts formulated during the series of developmental efforts have resulted in the
Submarine Advanced Reactive Tactical Training System (SMARTTS) program. By
incorporating TAT capabilities, this program will upgrade existing SCSTs (e.g., 21A40).
Considerable research and development is necessary to effectively use TAT; further-
more, the TAT capabilities should continuously evolve to increase the effectiveness of

10
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tactics training. Results from the SUBSCOL implementation and evaluation should
provide valuable information for the SMARTTS development.

The remainder of this report addresses the work accomplished during the first
phase. This includes the developmental efforts for the experimental evaluation at
SUBSCOL, and the applied experimental investigation of TAT in the EA laboratory.

11712
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SECTION 1l

APPROACH

The approach taken during this phase consisted of two distinct parts. Part A,
training process formulation, dealt with (1) initial selection, installation, and evaluation
of a tactics training device, and a course within which the TAT capabilities would be
evaluated; (2) development and observation of the TAT training process, exercises, and
their instructional approaches at SUBSCOL; (3) improvement of the training model to
meet training objectives; (4) functional design of the TAT supporting hardware,
software, and simulator interface to the 21A37 Device; and (3) formulation of a long-
term research and development plan to support the further TAT development for tactics
training. Part B consisted of an empirical evaluation of TAT in an applied submarine
tactical training context, using submarine officers and a laboratory prototype simulator,
Each part is addressed separately here and in subsequent sections of this report.

TRAINING PROCESS FORMULATION

The training process formulation was conducted by investigating current submarine
tactics training, its needs, and the hardware/software characteristics of the training
devices. This substantial information base helped to formulate the training exercises,
interface design, and the long-term research and development plan,

TRAINING DEVICE AND COURSE SELECTION. An information base was developed
pertaining to the various tactics training devices, training courses using those devices,
and officer trainees, Particular attention was given to three devices for possible
evaluation of TAT: (1) Device 21A37 SCST, New London; (2) Device 21 A40 SCST, San
Diego; and (3) Device 21863 generalized individual fire control trainer, New London,
Cach of these was investigated with regard to the feasibility of implementing and
evaluating a TAT-assisted training process in comparison with a traditional training
process, The initial and succeeding selections, both course and device, are shown in
Figure 2,

Collected information regarding a variety of aspects pertaining to the implementa-
tion and evaluation of TAT include:

Training device characteristics, both hardware and software

Training approaches used

Training device use

Training courses, their objectives and content

Training device interfaces, their characteristics and cost

Availability of tactical and related information to support TAT

Officer trainee characteristics

Potential eftectiveness of TAT in the course

13
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INITIAL FIRST FINAL
CONSIDERATION ANALYSIS ANALYSIS
SOBC SOAC SOAC
or
SOAC PXO
or
PCO MK 113 Mod 10 PXO
COURSES Familiarization
PXO
MK 113 Mod 10
Familiarization
REFTRA
PREDEPLOYMENT
21A%? 21863 21AY? ’
DEVICES 21B63
(21A40)
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Training needs at each device
Information feedback, its content and use

Training support material, including training guides, training objectives, perfor-
mance measures, and exercises

Projection of training device use
Course scheduling

The information base was assembled from (1) discussions with submarine operational and
training personnel, (2) review of tactics training, instructional material, operational
tactical doctrine, and training device literature, and (3) observation of training sessions
on the tactics trainers.

Liaison was established with several submarine training and operational groups for
information collection and review of developed materials. Extensive discussions with
officers and enlisted personnel at SUBSCOL, and at SUBGROUP Two, New London
covered all aspects of the problem, including observation of training sessions during
several different courses using Device 21A37 and Device 21B63. Discussions were also
held with tactics training personnel and training sessions were observed at the
Submarine Training Center Pacific, at both the Pearl Harbor and San Diego
detachiments (representing Devices 21A38 and 21 A40 respectively),

The information collected formed the basis for the selection of a tactics training
device, tactics course, and a specific course segment, which in turn will form the
context within which TAT will be evaluated. A set of tactical issues identified as
potential high effectiveness areas were used to guide the selection of the TAT course
and course segment. The TAT curriculum will be substituted for a specific segment
within a current submarine officer training program; and will be evaluated by
comparison with the traditional curriculum, The information generated from
interfacing with the submarine community was instrumental in reaching these decisions.
The collected information was also used in the development of the tactical training
exercises, the evaluation and recommendation of TAT interface characteristics, and the
development of the long-term research and development plan.

TRAINING PROCESS AND EXERCISE DEVELOPMENT. Specific tactics training
objectives were developed for the TAT evaluation course segment. The training process
strategy was developed to meet these objectives, using TAT capabilities. Tactics
training exercises, including performance measures and information displays, were
developed in accordance with the training process strategy. These elements formuiated
the training program for the evaluation of TAT.

The training process strategy formed the framework for the development of the
training program elements (e.g., exercises). The strategy was formulated with regard to
(1) applied considerations regarding the specific area of submarine tactics training, (2)
tactics training objectives, (3) officer trainee characteristics, (4) capabilities and
limitations of available TAT configurations, (5) availability of performance measure-
ment algorithms, (6) acceptable tralnlnﬁ practices, and (?) device characteristics.
Consideration for many of these factors also impacted the device and course selection,

15
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as well as exercise development. The training process strategy is present in the
guidelines developed for each exercise.

Several performance measures were developed for the tactics training objectives.
These were individually developed with regard to specific tactical goals. Tactical
operations often necessitate tradeoffs between conflicting goals; hence, a composite
measure was also developed reflecting the overall tactical goal and responsive to
tradeoffs in tactical actions. Algorithms for the performance measures were developed
from current tactical doctrine and practices.

Information display formats represent important parts of the TAT configuration.
The formats were developed for demonstration and feedback in accordance with the
other training process elements as well as the presentation of the necessary information
to the officer trainee with regard to training, modeling, and tactical considerations.
The submarine tactical operations model was modified to generate the information
necessary to support the displays.

A set of tactics training exercises structured in accordance with the training
process strategy was developed to control the training program. These exercises
address the objectives of the training program and contain the detailed information
necessary to conduct it. Several scenarios were included in each exercise, along with
instructor and trainee function information. The exercises were developed with regard
to current tactical doctrine, using TAT capabilities to enhance the training process.

TRAINING MODEL MODIFICATIONS. The submarine tactical operations model was
modified as necessary to support the training exercises. The modifications consisted of
(1) implementation of performance measurement algorithms, (2) improvements of the
MK 81 tactics mode display simulation, (3) development of additional TAT feedback
displays, and (4) improvement of the functioning of current TAT capabilities. These
developments resulted in a training process framework supported by a set of tactics
training exercises. Performance measures, scenarios, and information displays were
developed as part of the exercises.

TAT INTERFACE. The 21A37 and 21B63 Devices were investigated to determine the
alternative methods of interfacing TAT capabilities. This effort was instrumental to
the device selection process, generating information regarding the cost and feasibility
of the various interface alternatives.

Several steps were involved in design and evaluation of interface alternatives.
First, the characteristics of the 21A37 and 21B63 Devices were investigated to
ascertain possible interface alternatives. This investigation yielded several alternative
methods of generating the necessary TAT capabilities and interfacing to the training
devices. It further yielded order of magnitude cost and difficulty estimates for TAT
generation and interfacing, as well as other feasibility considerations. This information
was generated from discussions with resident training device technicians and hardware
and software documentation. The device selection for TAT evaluation was made on the
basis of this information and other factors.
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A more in-depth investigation of the hardware and software requirements was
performed for interfacing TAT with the 21A37 Device. This included:

a. Development of hardware and software functional systeimn diagrams
b. Development of a matrix detailing the characteristics and location within the

system of parameters needed by TAT

c. ldentification of capabilities and limitations of relevant system components
pertaining to TAT

d. Identification of interface alternatives
e. Development of a recommended functional interface design

This investigation was conducted by reviewing 21A37 Device documentation, discussions
with training device technicians, and review of interfaces currently linking AN/UYK-7
and general purpose computers. In particular, the 21A37/PDP11/35 interface and the
21A4%0/TEKTRONICS 4051 interface were investigated and are fully discussed in
Appendix C,

LONG-TERM RESEARCH AND DEVELOPMENT PLAN. A long-term plan was
developed to identify pertinent research and to direct the development of training
assistance technology. The research issues identified were based on the current gaps in
knowledge pertaining to the implementation of TAT. A priority ranking of the areas
and a recommended time schedule were assembled for the initiation of research into
each area. A detailed investigative plan was developed for the highest priority area.

The plan was developed from:

a. A search of the training technology literature

b. Discussions with SUBSCOL and SUBGROUP TWO personnel

c. Submarine tactics training observations

d. Earlier studies in decision-making and tactics training, and

e. Experience with TAT and submarine training needs
These sources provided the information from which the priority research areas were
determined, based on (1) cost to investigate, (2) potential impact on training
effectiveness, and (3) feasibility of conducting the research, The plan was intended to
provide a guide from which investigation decisions could be made.
EMPIRICAL EVALUATION OF TAT

The training assistance technology as applied to submarine training was conducted

and evaluated in a laboratory setting. This evaluation compared the effectiveness of a
TAT training process with that of a traditional training process. A brief training
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program was developed addressing a particular uq_ect of submarine tactical operations
using qualified submarine officers as trainees in a TAT group and in a traditional group.
The specific details of the approach and results are presented in Section IV,

The findings reported in the following two sections pertain to the efforts conducted
during Phase |, Part A of the TAT implementation and evaluation plan. They consist of
two distinct efforts: (1) the training process formulation for TAT evaluation in the
SUBSCOL training context (Section lll, Training Process Formulation), and (2) the
empirical evaluation of TAT in the applied laboratory training context (Section 1V,
Empirical Evaluation of TAT).
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SECTION Il
TRAINING PROCESS FORMULATION

The findings reported herein are developmental. They summarize the considera-
tions, information collected, rationale, and the decisions made regarding how to
implement TAT at SUBSCOL for an experimental evaluation. They further describe the
developed TAT training process and exercises. In the selection of the training device,
course, and course segment, the integration of the exercises, performance measures,
and other TAT characteristics were considered to ensure a feasible and cost effective
implementation of TAT. Hence, the efforts reported below overlap considerably.

TRAINING COURSE AND DEVICE SELECTION

The objective of TAT implementation in an ongoing submarine tactics training
program is to evaluate the effectiveness of TAT compared with that of the traditional
training approach under operational submarine tactics training conditions. Due to the
lack of empirical information regarding the effectiveness of alternative TAT configura-
tions (e.g., display design), it was imperative to select a training context for this initial
implementation that had a high potential for enhancement via TAT. This important
selection criterion impacted all aspects of the design of the TAT configuration as well
as the conduct of the training itself. The second major criterion was the feasibility of
implementing an investigatory program using an operational tactics training device and
officer trainees. The alternatives for course and device selection, as well as interface
design, were evaluated with regard to their impact, if any, on the ongoing tactics
training program.

These two major criteria, combined with other criteria, yielded a set of

considerations that were investigated pertaining to each course and device alternative.
These were:

Training need

Training device exposure

Training courses

Potential impact of TAT on training and operational effectiveness
Installation impact on the operational training schedule
Installation cost

Training methodology

Evaluation control

The course and device selection were initially narrowed to those at the New London
Submarine Base, because of the flexibility permitted by the variety of courses and
devices, the availability of appropriate officer trainees, and logistic considerations.
The submarine tactics training devices at other locations were also considered,
particularly Device 21A40. However, the information compiled during the investigation
reinforced the earlier decision to use either the 21A37 or 21B63 Devices. This decision
was based on both the above-mentioned factors and others discussed later.

19
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COURSE SELECTION. The New London Submarine Base is unique with regard to
submarine officer tra...13 in that it has a formal submarine school as well as refresher
courses and other training duties under SUBLANT (see Figure 3). This structure results
in a large number of officer trainees at all levels of tactical expertise, and a high rate
of device utilization. Two fundamental types of training are offered at New London,
formal courses and refresher/predeployment training. The formal courses provide a '
standard curriculum for achieving specific training objectives. These include the o
general courses broadly spanning submarine operations (i.e., SOBC, SOAC, PXO, PCO),
as well as specific courses addressing a narrow area of operations (e.g., MK 113 Mod 10
Familiarization Course). The refresher/predeployment courses may be standardized or
unstandardized, depending on the needs of the particular group being trained. Five
courses, selected on the basis of their potential for enhancement via TAT, were closely

g investigated: (1) Submarine Officers Advanced Course (SOAC), (2) Prospective

| Executive Officer's Course (PXO), (3) Prospective Commanding Officer's Course (PCO),

} (4) MK 113 Mod 10 Familiarization Course (FAM), and (5) REFTRA/Predeployment.

‘: Each of these courses deals with tactics training and may involve MK 81 WCC

operation. The Submarine Officer's Basic Course (SOBC) was not considered because of .

its brevity in the tactics area. Furthermore, the operational context for TAT

evaluation had been determined as comprising operation of the MK 81, which is not

addressed during SOBC. Each of the selected courses is described in Appendix A.

Three of the five courses were selected for TAT implementation — SOAC, PXO,
and MK 113 Mod 10 FAM based on similarities in areas and levels of tactics addressed
and on the degree of flexibility possible for conducting experiments with the officer
trainee population. None of the courses investigated currently address an intermediate )
level of tactics training regarding employment of the MK 81 WCC. This lack is
primarily due to the current scarcity of operational MK 81 WCCs in the fleet and the
resultant lack of demand for such training. Projected MK 81 WCC deployment on the
East Coast, (Table 1) indicates a rapidly increasing demand for such training over the
next | to 2 years. It is likely that each of these courses will similarly address MK 81
WCC use at an intermediate level within that period. An area of tactics training these
courses are expected to address is that of TMA quality and approaching the target to a
position of tactical advantage. These two issues were selected to represent the goals of
the TAT training segment within each of the three courses. The training objectives
developed with regard to these issues are addressed in greater detail later.

The selection of these courses has several advantages. The single training process
developed to achieve the tactical goals should be applicable within each of the three
courses. The TAT curriculum will partially fulfill a developing tactics training need,
that of an intermediate/advanced level of instruction regarding MK 81 employment.
Finally, a high degree of flexibility will be allowed in the final selection of officer
trainees for the experiment. This selection can be responsive to training demand,
scheduling, and the needs of SUBSCOL at the time of the empirical investigation.

Implicit in the above recommendation is the use of an intermediate level officer
trainee. The basic level trainee is mostly concerned with rudimentary concepts.
Although this level of training may benefit from TAT, it is less involved with applied
tactical operations. Furthermore, basic tactics training today is generally accomplished
in on-the-job training at sea. The SOBC course does not provide sufficient time for in-
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TABLE 1. PROJECTED MK 81 OPERATIONAL INSTALLATIONS

NLON AREA BOATS (ONLY)

1977
NO. OF
FCS OPERATIONAL UNITS
MK113/10 2 (8 to 12 T/Es per boat)
MKI117 0
MPS 0
197
NO. OF
FCS OPERATIONAL UNITS
MK113/10 3
MK117 1
MPS 4
1979
NO. OF
FCS OPERATIONAL UNITS
MK113/10 5
MK117 2
MPS 4
NORVA BOATS
1977
2 additional SSNs
1978
6 additional SSNs
1979

8 additional SSNs
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depth tactics training. The intermediate level of tactics training will achieve the

purpose of the experiment, and should best fit the design and implementation
considerations.

The final course selection was further narrowed to the SOAC and PXO courses; the
MK 113 Mod 10 FAM course was dismissed from consideration. This was the result of
the device selection process, which is discussed below.

NDEVICE SELECTION. The device selection process for the TAT evaluation, as noted
earlier, focused on two tactics training devices at New London — the 21B63 and the
21A37. These devices differ substantially, although they both provide training in the
MK 81 WCC context. The 21B63 provides individualized training centered about the MK
81 WCC. Its present configuration includes two MK 81 WCCs. The 21A37 provides
team oriented training to the fire control party, consisting of 10 to 15 different
positions. This device is configured for four independent attack centers, one of which
simulates the MK 113 Mod 10 fire control system configuration.

These two devices fulfill different training needs in the selected courses.
Fundamental MK 81 WCC tactical operations would be addressed using the 21B63 during
each of the three courses. MK 81 WCC training is optionally given in the SOAC and
PXO courses to those officer trainees that are assigned to a submarine having a MK 113
Mod 10 or MK 117 fire control system. Training on the 21A37/AC4 during the SOAC
and PXO courses focuses on the broad issues of team tactical performance, during
which soine emphasis may be placed on fundamental operation of the MK 81 WCC and
use of its generated information. The 21A37 would typically not be used during the MK
113 Mod 10 Familiarization Course. As noted above, the increase in MK 113 Mod 10
and MK 117 fire control systems is expected to cause both an increase in the demand
for current training in the MK 81 WCC context, and for more advanced training in that
context. Use of the 21B63 and 21A37 is expected to change in response to these
evolving training needs. A more complete summary of these tactics training devices is
contained in Appendix B.

Several important factors differ with regard to use of the 21A37 and 21B63. These
are summarized below:

e The recent TAT developmental efforts have focused on individual training.
The 21B63 provides individual training; the 21A37 provides team oriented
training.

e The TAT evaluation experiment would be considerably more expensive and
difficult to develop and conduct in a team context, as opposed to an individual
context. The team context in comparison with the individual context would
result in much less experimental control; require training exercises to address
the team interaction as well as different individual positions; increase the
difficulty of monitoring performance, providing feedback, and evaluating
performance; and result in less powerful analyses.

e The potential effectiveness of TAT does not appear to differ between its use
on the 21A37 and the 21B63.
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The 21A37/ACH4 is extensively utilized. It is in demand during most tactics
oriented courses. The 21B63 is not being used to its maximum potential. A
review of records has indicated this device was used about 20 percent of its
available time, based on a 40-hour week. The TAT hardware and software
installation and the conduct of the TAT evaluation would have a greater
adverse impact on the training programs using the 21A37. (The projected MK
81 WCC training demand (see Table 1), however, may alter this potential
difference.)

The current maximal benefits from the use of TAT are likely to occur in the
21A37 training context. This context has a greater need for the TAT
capabilities due to the large number of simultaneously trained officers, and
would provide the greatest exposure to TAT-based training. The projected
increase in the number of student hours on the 21B63 over the next 2 years,
although large, would be less than those on the 21A37/AC4 (i.e., including all
courses and use).

An intermediate to advanced level tactics curriculum is not available on the
21B63; it is available in the form of SOAC and PXO courses on the 21A37. The
SOAC and PXO use of the 21B63 is very basic, generally limited to computer-
assisted training (CAT). The TAT segment could be readily integrated into the
existing SOAC and PXO curriculums using the 21A37; curricula addressing
other areas of MK 81 WCC tactical operations would be necessary for the
21B63.

Cost does not appear to be a primary factor in the selection of the 21A37 or
the 21B63. An additional minicomputer display system would be the most
feasible approach with the 21B63, requiring minimal software modification.
Utilization of an existing minicomputer on the 21A37 is the recommended
approach for interfacing TAT to that device (see Appendix C), necessitating
somewhat more software modification than necessary for the 21B63. Hence,
the expected respective hardware and software cost differences between the
devices would be approximately equal.

Intermediate to advanced tactics training has traditionally been centered
around the FCC/AO/AAO supervising the fire control party. Training at this
level centered on a MK 81 WCC in an individual context (i.e., 21B63) may
result in a low degree of officer trainee acceptance during the TAT evaluation.

The SUBSCOL personnel that were involved in the project appear to prefer
that the TAT evaluation be conducted on the 21A37. This is due to the
currently greater need for TAT capabilities on that device (i.e., larger load on
the instructor), and the greater use of that device to provide tactics training.

Each of the three selected courses may use the 21B63. The MK 113 Mod 10
Familiarization Course does not use the 21A37.

As is evident from the above factors, a clear alternative is not available. Relative
advantages and disadvantages are associated with each device. Furthermore, either
device would be acceptable for the TAT evaluation, although each would require a
different evaluative approach. Consideration of these factors by EA and
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NAVTRAEQUIPCEN led to the decision to conduct the TAT evaluation on the 21A37.
The small differences between many of the factors and the greater potential benefits to
accrue from the TAT installation on the 21A37 weighed heavily in this decision.

The course and device selection process, therefore, recommended:

a. The TAT tactics training segment should be developed for the SOAC and PXO
courses. The curriculum segment should be selected such that one set of
exercises could be used in either course.

b. The TAT evaluation should be conducted on Device 21A37.

TRAINING PROCESS

The TAT training process was developed in conjunction with the course/device
selection process, and is tailored to the 21A37 Device. The developed training process
consists of six elements: (1) the TAT evaluation approach, (2) tactical trainin
objectives, (3) training course segment structure, (4) the TAT training exercises, (5
performance measures, and (6) TAT displays. An additional element, the traditional
training exercises, may have to be developed to achieve the tactical training objectives.
A tactics training curriculum based on the MK 81 WCC does not currently exist at the
intermediate to advanced level. Training on this device, to date, has been primarily
procedural. A curriculum which utilizes the MK 81's potential to provide information to
aid the approach officer AO/FCC in the tactical decisions/recommendations (e.g.,
geoplot maneuvering) is not currently available as SUBSCOL training. If SUBSCOL has
not developed this curriculum in sufficient time for the TAT evaluation, project
personnel can develop it shortly prior to the evaluation period.

A discussion pertaining to development of each of the six elements follows.

TAT EVALUATION APPROACH. The TAT effectiveness evaluation approach will be
based on a flexible structure within which TAT and traditional training processes can
occur, rather than in a highly controlled experiment. Experimental conditions will
generally consist of TAT and traditional training processes, with some variation allowed
within each. A training segment has been selected for which exercises have been
developed to support TAT-based training. The use of these exercises, however, will be
left to the instructor's judgment, as will the use of the traditional training process. The
characteristics of the officer trainee samples will likewise be free flowing. Data will
be collected regarding the performance of all trainees and their use of the TAT
capabilities. Biographical information will be collected from all trainees to permit a
later breakdown of subject groupings. Finally, instructor and subject opinions will be
collected regarding the TAT capabilities and their use. The intent is to conduct an
open-ended experiment with minimal control, and to base the evaluation on observed
use of TAT and performance.

The open-ended approach is necessitated by the nature of training provided on the
21A37 training device. The training is accomplished in a team context (i.e., the fire
control party), often with emphasis on individual skills. A complex TAT configuration
would be required to adequately address all of the fire control party positions within the
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team context; this is beyond the scope of the TAT evaluation effort. Hence, a less
structured experimental approach was selected.

This approach will provide additional benefits. First, the use of TAT will not be
strictly constrained by the developed exercises; rather, it will be permitted to change
during the evaluation period in correspondence with the perceived needs. These changes
may occur regarding any elements of the training program (e.g., performance measures,
scenarios, feedback displays). The changes should result in a more effective TAT
training process. Secondly, the use, and hence evaluation of TAT will not be limited to
the selected training course segment. Although this segment and its exercises are
expected to comprise the predominant source of TAT evaluation information,
information will be collected from other training course segments using TAT. It should
be noted that the TAT capabilities installed on the 21A37 for the evaluation experiment
will be made available during all training exercises on that device, to be used as desired
by the instructors. Hence, considerable additional data may be available. Finally, a
secondary purpose of this TAT evaluation experiment will be to compile developmental
information regarding the design and use of particular TAT capabilities. The use of the
alternative tactics capabilities, for example, will be monitored to determine the type
and amount of use of particular characteristics, and their use relative to other
capabilities. These benefits will directly assist the operational implementation of TAT,
if proven effective.

A variety of data will be collected during the TAT evaluation period, primarily
through automatic monitoring by the TAT subsystem. This information will include:
a. Scenario setup and time-line data
b. Trainee and instructor input/output during training
c. Automated performance measures and other tactically relevant parameters
d. Time frequency and type (e.g., commands and their sequence) of use for each
TAT capability

Additional observation information will be collected from the instructor and trainees
during and following each exercise. Finally, biographical information will be compiled
from each trainee. These data will serve as the basis for TAT evaluations.

The evaluation approach will provide TAT developmental information in addition to
a reiative comparison with the traditional training process approach. The specific
approach/experimental design will be developed in the next phase of this investigation.

TACTICAL TRAINING OBJECTIVES. Many tactical issues were investigated for usc as
training objectives. The bases of selection were:

a. Commonality between SOAC and PXO courses

b. Applicability of MK 81 WCC capabilities in assisting tactical performance

c. mportance of, and current training need associated with, the tactical issues,
yielding training need

d. Absence of clear-cut tactical decision guidelines stemming from opposing
tactical considerations, yielding training potential
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e, Availability of performance measures and operating guidelines

f.  The potential for training process enhancement as a result of TAT
g. The training structure and process

h. Officer trainee characteristics

i. The potential for achieving the training objectives in a |- to 2-day training
segment

These considerations are responsive to the applied tactics training needs as well as the
fundamental aspects of training and experimentation,

The predominant theme of the tactics portions of the SOAC and PXO courses is the
tactical deployment/maneuvering of own ship in response to the tactical goals of the
mission and particular situational factors (e.g., target(s) type and actions, environment,
own ship configuration, and capabilities). This area of tactics (i.e., own ship
deployment/maneuvering) is fundamental, representing a continuously evolving opera-
tional area, and hence an area of training need; is performed primarily by the approach
officer with occasional assistance from the fire control coordinator and others; can
elfectively benefit from information derived via the MK 81 WCC (tactics mode display)
and appears particularly amenable to the TAT information and capabilites developed on
the experimental training simulation. Development of the tactical training objectives
therefore focused on tactical deployment/maneuvering of own ship.

Deployment/maneuvering of own ship with regard to target motion analysis and
closing the target to a position of tactical advantage were selected as the tactical
issues to be addressed by the TAT training course segment, Of the many tactical issues
pertaining to the deployment/maneuvering of own ship, these two appeared to best fit
the considerations listed above. These two issues are fundamental to virtually all
tactics training programs from basic to advanced levels. They are often present as
shnultaneous goals, calling for contlicting own ship maneuvers, and hence necessitating
tradeolfs to achieve a near-optimum set of own ship maneuvers, Although procedures
for specific situations are nonexistent due to the inherent complexity, guidance
information does exist in the tactical doctrine. Furthermore, tactical parameters are
available for information feedback and the development of performance measures,

A subset of these tactical issues was translated into the tactical training
objectives:

a. Recognize the effects of the mission objectives in constraining the values of
closing rate, solution accuracy, and probability of counterdetection

b. Recognize the impact potential own ship maneuvers have on probability of
counterdetection (PCD), target bearing error (SNR), and bearing localization
accuracy

¢. Understand the "optimum geometry" concept (optimum maneuver recommen-
dations relative to solution accuracy, closing rate, and PCD tradeoffs)

These training objectives represent specific aspects of the two tactical issues,
They pertain to the integration of different and often opposing own ship tactical
functions to achieve a cohesive set of effective own ship maneuvers, thus optimally
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attaining the tactical goals. They are currently addressed in the SOAC and PXO
courses, although not in the context of the MK 81 WCC. They take into account the
likely input characteristics of the officer trainees, the level of training, and the time
limitations available for this particular segment of the training program. The officer
trainees are assumed to possess an acceptable level of skill and knowledge regarding
target motion analysis techniques and other tactical functions. The remaining elements
of the training were developed with regard to achieving the training objectives.

TRAINING COURSE SEGMENT STRUCTURE. The TAT training course segment will
comprise a part of the existing SOAC and PXO curriculum. It was developed to
smoothly follow the preceding curriculum, and to serve as a transition to the succeeding
parts. The training segment was thus developed as an independent unit to replace
existing units.

The TAT training course segment, representing tactical training objectives, was
selected from an investigation of SOAC and PXO training programs. The investigation
progression and the relationship of the TAT segment within the SOAC/PXO structure is
illustrated in Figure 4. The selection process is discussed below. It should be noted that
the TAT-based training segment discussed below pertains only to the experimental
group in the planned experiment. The control group will receive traditional training.

The SOAC training program on weapons employment tactics covers a wide range of
tactical issues within four sections: (1) Basic Tactics Training, (2) Advanced Tactics
Training, (3) Approach and Attack Training, and (4) Special Tactical Problems. The
PXO training course has a similar structure for the weapon employment tactics
portions, referencing the SOAC training materials. Furthermore, both SOAC and PXO
courses use the same trainee evaluation guide during parts of their respective tactics
training courses. The areas of commonality between SOAC and PXO, representing
sections II through IV, were investigated closely with regard to the TAT evaluation.

The Approach and Attack Training section was selected for the TAT evaluation.
This section, which is common to SOAC and PXO, covers three areas: (1) Anti-Surface
Ship Approach, (2) Anti-Submarine Approach, and (3) Multiple Targets/Group Approach
(basic, intermediate, and advanced). The training program addressing these areas
includes both classroom and simulator training. The second area, Anti-Submarine
Approach, was selected for the TAT evaluation. This area, which represents a 16-hour
training course segment, addresses the anti-submarine approach and attack problem
regarding MK 37 and MK 48 torpedo employment. The relevant tactical issues in this
course segment have been the focus of past TAT developmental efforts, and are
therefore appropriate for the TAT evaluation. The training in this segment is conducted
predominantly in the attack center simulator, during exercises of varying length. It
should be noted that the tactical concepts covered have been addressed during
preceding classroom instruction sessions, in the basic and advanced tactics training
sections. This segment represents the integrated simulator-based training portion
illustrating and coordinating the tactical concepts.

A variety of tactical issues are addressed during the l6-hour training segment.

These include: (1) management of the fire control party, (2) sensor utilization, (3)
communication and coordination, (4) weapon launch procedures, (5) maneuvers for TMA
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TMA solution quality, (6) maneuvers for SNR quality, and (7?) PCD considerations.
Typically, each exercise during the segment addresses this group of tactical issues. The
emphasis in any exercise, as well as the content and ordering of exercises, is variable
for each SOAC/PXO group and left to the discretion of the instructor. These factors
make this segment of training very amenable to the TAT evaluation effort, allowing
some flexibility in the design and placement of the TAT segment. The latter three
tactical issues were selected for development of the TAT training segment. The first
four issues will be emphasized during the initial 7 hours of simulator training, and
allowed to be addressed in a secondary fashion during the following 9 hours of TAT-
based training. This approach is consistent with current practices, and provides the
approximately correct time-based emphasis on the tactical issues.

The three tactical issues to be trained during the TAT-based segment have been
addressed in a five-module segment, as illustrated in Figure 4 and discussed below. The
placement of this segment within the SOAC/PXO training program is illustrated in this
tigure, showing the other relevant tactical issues preceding the TAT-based segment, and
other areas and sections of tactics training following this segment. This approach will
have a minimal impact on the conduct of tactics training during the SOAC and PXO
courses. This modularly structured approach will replace 9 hours of traditional tactics
training with a TAT-based training segment. Furthermore, four tactical issues will be
specifically addressed in the 7 hours of training immediately preceding the TAT-based
segment.

The course segment investigates several aspects of TMA and closing to advantage
(Appendix D) contains a training objective summary of each module). The first module
addresses fundamental TMA considerations and those actions that should be taken into
account early in the target tracking/approach phases. These include establishing the
target direction of relative motion, estimating the target speed across the line of sight,
obtaining rough estimates of TMA (e.g., range estimation), and considering the time on
leg of the target., This module investigates several fundamental own ship/TMA
considerations early in the tracking phase.

The second module explores the quality of TMA data as a function of own ship
actions. This module investigates own ship maneuvers during the TMA, paying
particular attention to the TMA gain and tradeoffs. This includes, for example, the
relative effectiveness of different maneuvers in regard to TMA solution accuracy; a
tradeoff exists between maneuvers to increase SNR, and maneuvers to increase the
change in bearing rate. Both higher SNR and higher bearing rate change result in
greater solution accuracy. Typically, both call for different maneuvers; the former
calls for increasing the speed in the line of sight, while the latter calls for increasing
the speed across the line of sight. This module addresses the optimizing of TMA
maneuvers with regard to maximizing a change in DBy between TMA legs with a
secondary emphasis on the TMA tradeoffs regarding available own ship actions which
maximizes solution accuracy while preserving SNR.

The third module brings in the effect of a second tactical goal, closing the target
as rapidly as possible to a position of tactical superiority (e.g., approach objective). The
straightforward optimum solution is a match xDMht with a 90-degree projected track
angle approach. Complicating factors enter, however, in the form of tactical
considerations regarding how to approach the target (i.e., time to station, e.g., matched
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xDMh, with projected track angles of less than 90 degrees). These factors are
addressed,

The fourth module addresses the probability of counterdetection, one of several
complicating factors that can affect the achievement of tactical goals. This factor
may differentially affect the TMA and closing issues, depending on characteristics of
the situation and specific tactical goals. This module investigates the contribution of
PCD considerations in the selection of own ship maneuvers.

The fifth module addresses the major aspect of the problem, the integration of
TMA and target approach considerations. Three tactical goals exist in this problem: to
obtain the highest quality TMA solution as rapidly as possible; to maneuver to a position
of tactical superiority as rapidly as possible; and to maintain probability of
counterdetection at a low level. These goals were usually in conflict since the best
TMA maneuvers (i.e., maximum changes in bearing rate) seldom result in the fastest
closing rate (i.e., zero bearing rate). Faster closing rates may result in higher values of
counterdetection. Hence, own ship maneuvers need to be chosen to achieve the best
coinbination of these goals. This module addresses these tradeoffs in terms of the TMA
gain associated with the available maneuvers (e.g., change in bearing rate, time on leg,
the resultant closing rate, and the resultant PCD). An attempt is made to determine
where the TMA gain begins to diminish (i.e., in terms of maneuver magnitude and time
on leg), and where the average closing rate can be maintained relatively high.

These five modules form the structure of the tactics training course segment,
Additional information regarding each is presented below in regard to the training
exercises and performance measures.

TRAINING EXERCISES. The training process was designed to achieve the tactics
training objectives as the result of a 9-hour training segment comprising five modules.
Euch module contains one or more training exercises, yielding a total of six exercises to
encompass the segment. The exercises are directed toward the FCC/AO level, although
they will be used in the team training context. The emphasis during the SOAC/PXO
courses is typically placed on the FCC/AO positions, with the officer trainees rotating
through those positions on successive scenarios. Hence, the exercises will be relevant
to all the officer trainees during each scenario, even though they may be manning a
variety of positions during any particular scenario.

The training course segment was developed to be completely conducted on the
21A37 Device. Lecture material was held to a minimum. This strategy is appropriate
for the intermediate to advanced officer trainee level, since these personnel should
already possess fundamental knowledge and skills and require only the integration of
different facets of the problem. This integration is appropriately achieved in the
context of the applied operational problem.

Other elements of the TAT training process include:

a. Immediate and delayed feedback

b. The use of a general purpose graphing display and a special purpose line-of-
sight display to provide feedback and investigate the problem
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c. The use of an alternative tactics capability to explore and contrast tactical
actions

d. Demonstration of relationships and tactical considerations using the opera-
tional and information feedback displays

e. The use of several performance measures

The performance measures and feedback display capabilities are discussed in detail
later, The training strategy is summarized in depth in Appendix E.

The training exercise guidelines were developed in accordance with the training
strategy. They summarize each exercise in detail, including the scenarios, instructor,
and trainee functions, The exercises were developed around four training techniques —
positive guidance, immediate feedback (knowledge of results), delayed feedback
(knowledge of results), and alternative tactics (knowledge of alternatives). Several
exercises have been evaluated in the traditional training context at SUBSCOL. The
investigations centered on the fidelity, difficulty, and appropriateness of the scenarios;
and the adequacy and acceptability of the performance measures. The exercises and
performance measures were modified slightly as a result of the evaluation. The
detailed exercises are contained in Appendix F.

PERFORMANCE MEASURES. Several performance measures have been developed for
the TAT training process. These include part-task measures directed toward specific
aspects of performance, and a whole-task summary measure representing the integrated
performance. The part-task measures will be used primarily for instruction in the form
of investigatory feedback and analysis. The summary measure is necessary for
evaluation of overall performance. Each of the measures represents a translation of
tactical doctrine and practices into an algorithm. Furthermore, a variety of secondary
performance measures have been identified, These are existing part-task measures that
pertain to the relevant aspects of the tactical problem and/or an individual's function.
They are addressed separately below. Two additional performance measures,
information quality (I) and a summary measure (IP) representing performance on | and
PCD (discussed below) were developed for use in the experimental evaluation. These
measures (I, IP, and PCD) were developed expressly for use in the tactically less
complex tradeoffs represented by the TCR experimental evaluation.

Five primary performance measures have been developed for the TAT training
segment. They are:

a. Closing rate (CR)

b. Time to station (TS)

c. Solution accuracy (SA)

d. Probability of counterdetection (PCD)

e. Quality of approach (QA)

Prior to discussion of each performance measure, several observations should be

made relative to their development. These pertain to considerations of their use and
further development.
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The generation of a performance measure must be referenced to a particular
situation, either actual or perceived. The submarine commanding cfficer does not know
the actual situation at sea, only the situation perceived by the information available to
him and his interpretation of it. Both the actual and perceived situations may be
ascertained by the instructor during training, since he can monitor both sides of the
problem. The question is, therefore, should the performance measures be based on the
actual situation (e.g., the actual target actions) or the situation perceived by the officer
trainee (e.g., based on the KAST solution information). The actual situation was
selected as the basis, since it represents the more meaningful goal of the tactical
encounter, Each of the performance measures was therefore based on the actual target
geometry. Furthermore, a good KAST solution would be a natural consequence of the
approach officer's efforts, if he performs well. It must be assumed that with a highly
sophisticated device such as the MK 81 and KAST TMA procedures, a good KAST
solution will develop if the AO performs the required ship control functions optimally.
Additional performance-related information will be available during the exercises to
enable the instructor to address the aspects of performance relative to the perceived
situation, if he so desires. Additional factors, such as the rate at which KAST
approaches an accurate solution could be factored in, if found necessary.

The complexity of tactical scenarios, often resulting in unpredictable own ship
actions, precludes the use of rigid exercises. Rather, the exercises must provide a
general framework around which the training process functions. A crucial aspect of this
framework is the use of performance measures and other tactical information. A rigid
structure guiding their use was rejected in favor of two capabilities:

a. Random call-up of information by the instructor at any time in the training
process

b. Preplanned call-up at specified points during the exercise

These capabilities necessitate continuous calculation of most performance-related
information.

The scaling of the performance measures was arbitrarily assigned as 0 to 100. This
scaling may be modified later as the result of validation efforts.

Much of the sonar/TMA information generated during target approach is in a time-
series format, with the value of information collected and the sollution accuracy
changing over time (e.g., KAST solution versus time on leg). It was necessary to use a
reference time period as the basis for computing several of the quantities. This period
was selected as 6 minutes. Further developments of these performance measures should
include variations in the time period as a function of tactical and TMA (e.g., DBy and
SNR) considerations.

The approach position is a term used to define the desired final geometric position
of own ship. It represents a desired position of own ship relative to the target. The
desired weapon firing point, as denoted by an ideal range and bearing to the target and
angle on the bow, would represent the approach position. The approach officer may
periodically steer for "zero" bearing rates, attempt to reduce loss of true bearing, and
match speed across the line of sight, etc, but in conjunction with the process to solve
TMA, he will be maneuvering his vessel to reach some position of advantage in the
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interaction. The approach position concept was developed to provide basic criteria
against which to measure performance in reaching this position of advantage. To use
this measure for TAT evaluation, an input is required in advance of a scenario for:

a. TA — track angle; target angle on the bow when in the desired approach
position; ;)nly the angle ?in degrees) is specified, not the orientation (port or
starboard

b. Rht — Range of the target in yards when in the desired approach position
c. Own ship aspect

The individual primary performance measures are discussed below, followed by a
discussion of the secondary performance measures.

Closing Rate (CR). This measure is developed to express the degree of effectiveness in
closing the approach position for the actual value of own speed (DMh ) employed. (See
Figure 5.) It will measure the percent of match between target approach position's
speed across the line of sight, and own ship's speed across the line of sight, but only
when the approach position is actually being closed with a positive value of speed in the
line of sight. It is proposed that the instant value of CR as well as the mean value be
available. During the time on a TMA leg that the AO wants to evaluate the target's
angle on the bow, the CR instant value should be as near to 100 percent as own ship
speed constraints permit. On bearing rate TMA lead/lag legs, CR mean value should be
used to indicate that true bearing loss is being adequately controlled. That is, this
measure would evaluate the smallest increase in xDMh_ obtainable, consistent with
developing a bearing rate to evaluate TMA and still contihue to close with some value
of yDMhr. The present algorithms developed for CR will provide this data; however,
scale factors will have to be adjusted to determine the optimum overall CR mean value
for selected scenarios.

Time to Station. This is actually a set of complex measures (see Figure 6). Initially,
and for each update/calculation step, the measure will state the time, in minutes
(TS(M)), that it would take to reach the intended approach position (AP), if own ship
proceeded at maximum speed to directly intercept the AP. It will also measure the
time, in minutes (TS N ), it would take to reach the intended AP at the present value of
own ship's speed, if own ship proceeded directly to the AP. A "mean" measure of
effectiveness of current own speed, against maximum own speed (T_..) is calculated
indicating a measure of the ability of the AO to employ ship capabilities in the problem.
A fourth value (ICP) is used to measure the effectiveness, as a percentage from 0 to
100, that AO is employing for current own speed, to optimize speed in the line of sight
(yDMhr) in order to close the target as soon as possible. (CR, on the other hand, is

based on speed across the line of sight (xDMhr)). For example, if the AO observes TS
to be 20 minutes to the AP at current own speed, and yDMhr will achieve this, ICP wil
be 100 percent. If yDMh_will not achieve this ;, ICP will indicate, as a percentage, the

amount of deviation from reaching an optimum station. A fifth value is calculated at
FINEX, which will state as a percentage, the length of time actually required to reach
the AP in the scenario from the initial value of TS, at COMEX.

3%




T
e R T ST T AT I T X I 1 R R e i saliiatiathos ool

=

R TR T,

L2 N

NAVTRAEQUIPCEN 77-C-0107-1

OWNSHIP CLOSEST POINT OF APPROACH MOST RECENT FIDU
co 35 DEG BEARING 30 DEG (BY 028 DEG
DMHO 80 KTS RANGE 4500 YDS |SNR 1 0.2 0B
HVO 350 FT TIME 1955 RH YOS
e e APPROACH OBJECTIVE EUA +05  DEG
TRACK ANGLE (TA) 150 DEG pss | T'ME 1916
SOURCE SONAR
RANGE OFFSET 8000 YDS
PERFORMANCE EVALUATION
. : o SYSTEM SOLUTION
i::‘os'::u:::; sf:i'::'r CURSOR RANGE 12000 vOS |gy - pey 027 L 18
| . o RH 14500
. (13 2 8
o » o CT - DMHT 255 150
i SOURCE SONAR
| .
CR = So HVT (EST) 200 FV
((s"wg) x SF x f (+yDMhr)
X
- X
SF Scale Factor s
X
E ‘! xxl l‘
.- - W .. . - o G
L d - -
L d -
’ -
L4 -
4 N\
Cd LY
4 \
’ \
'd \
’ \
4 \
’ \
’ \
'
[ \
[} \
' \
] ]
] %
] \
' |}
5 This measure is utilized to @ '
teach initial maneuvering of '
! own ship, and for ship control '. "
. purposes in TMA. CR  (Now) . .
\ for trial maneuver evaluation; . :
. and CR (Avg) for value overell :
4 (mean) since COMEX. y

Figure 5. Performance Measure: Closing Rate
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Figure 6. Performance Measure: Time to Station
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Solution Accuracy (SA). This measure evaluates the AO's ability to develop a maximum
change in DBy between TMA legs as compared with the actual change observed. (See
Figure 7.) This measure is calculated for the actual value of own speed employed.
Specifically, as now developed in the algorithm, if own speed equals x, and own ship
observed a DBy of R-1 on the present TMA leg, and the maximum bearing rate that
could be obtained with own speed equal to x is L-6, then a change in DBy of 7 /M would
provide a 100-percent contribution to solution accuracy. Maneuvers resulting in smaller
changes result in smaller values of SA. In the example, if on the second leg DBy were
at L-6 /M, the AO would have to maneuver to achieve at least a "zero" bearing rate on
the new leg to keep change in DBy maximum for every maneuver. The value of SA can
be affected by SNR, in order to require more than two legs to achieve a higher value of
SA.

Probability of Counterdetection (PCD). Values of PCD are displayed with average as
well as instant values to appraise the total effect of PCD in the approach (Figure a88)

Quality of Approach (QA). This is a complex measure which is considered to be most
meaningful if computed at the FINEX of a scenario (see Figure 9). Interim time periods
could also be sampled for an idea of QA, particularly to see whether performance
degrades with time. However, many values might conceivably start high and degrade as
a normal function of the various tradeoffs in any tactical situation. The present
development in the QA algorithm is as an average of all the mean values of CR,
TSEF(M)’ ICPEF(M)’ and SA(M . Solution accuracy is weighted to recognize its priority
over the other quantities in the approach. PCD is heavily weighted to recognize its
tactical implications.

Secondary Performance Measures. A variety of tactically relevant parameters are
readily available from the scenario encounter, and pertinent to performance and
training. These generally pertain to specific aspects of an individual's performance
occasionally representing tactical goals. The primary measures discussed above pertain
to the FCC/AO level, which represent the main thrust of the TAT training segment.
The secondary performance measures pertain to the FCC/AO, MK 81 analyzer operator
and aspects of team performance (see Table 2). These should also be addressed during
the TAT training.

The performance measures were developed as tools to be used during training, as
part of TAT. They are used differentally during each module (see Table 3). Their
primary’ purpose is to provide objective performance information to enhance the
training process (e.g., quantitatively indicate the relationships between different
tactical actions). The algorithms, with the exception of PCD, were developed for the
TAT segment. They have not been used in submarine tactical operations, developmental
efforts, or training programs. Nevertheless, they should be acceptable to the officer
trainees, since they were developed to reflect operational doctrine and practice.
Furthermore, they were reviewed by SUBSCOL and SUBGROUP TWO personnel, and
generally found to be acceptable for the TAT evaluation purpose. This method of
development ensures them an adequate degree of face validity. The measures should be
refined and validated through application prior to their use in the TAT evaluation or in
operational tactics training.
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Figure 7. Performance Measure: Solution Accuracy
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Figure 9. Performance Measure: Quality of Approach
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TABLE 2. SECONDARY PERFORMANCE MEASURES

Individual Performance Measures

a.

b.

21A37 — AC4 Tactics at FCC Level:

(1)
(2)
(3)
(4)

(5)

Time to recognize target maneuvers

Accuracy of target data analysis

Number of procedural errors in a given scenario
Number/direction/magnitude of own ship maneuvers recommended for
TMA versus established criteria for specific situation

Quality of overall approach; i.e.,:

(@) Time to maximize SNR

(b)  Total average xDMh , yDMh

21R63 MK 81 Analyzer Operator:

(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)

(9)
(10)

Number of bearings edited versus total number of noisy or questionable
bearings

Time to recognize target maneuver

Time to edit KAST

Time to re-evaluate/get MATE solution

Accuracy of MATE solution

Use of KAST data to evaluate MATE

Use of environmental data entry (EDE) data

Quality of recommendations for own ship TMA maneuvers; i.e., point,
{ead, lag, magnitude, and timing

Recognition of SNR versus bearing quality

Procedural errors

Team Performance Measures

A.

b.

Ce.

d.

c.

Performance measures for grouping team performance should reflect the team's
ability to communicate tactical information and coordinate tactical operations.
Measures of team performance may be:

The rate at which the plot coordinator receives TMA data slips and rate at
which he provides data to plots

Rate of solution convergence as a function of data updates

Time from target maneuver recognition by first member of FC party to FCC
(or AQO) pronouncement of definite target maneuver

Time to accomplish tactical objective

Time to complete training objective




T T

w
-
2
(e}
=
m (vO)
HOVOHddY
= X 40 ALITVND
°)
Z
& (@dd)
2 X NOILI3L3A¥ILNNOCD
- X 40 ALIMI9VE0Yd
5 g
S 9 )
= m X X X AJVHNJOV NOILN10S
s 3
m o (s1) s
w
3 w X X NOILVLS OL 3WiL
o Zz
< <
£ 2
z o (49)
< £ X X X 3lvy SNISO1D
a
> aLvy AJVENIOV SISATVNY JUNSVIN
- AH13NO3D | SNOILVHIAISNOD ONISO1D NOILLNT0S NOILOW 3ONVWHO3H3d
m WAWILIO Q24 SHIANINVIN VWL [ SUIANINVIN YL [ 1IOHVL TVILINI
o $371NAOW
.
-
w
-
2
<
-




e

NAVTRAEQUIPCEN 77-C-0107-1

TAT DISPLAYS. Display requirements were developed to support the specific training
needs of the TAT segment. Three different formats resulted for use in diagnostic
information feedback and demonstration applications. The MK 81 WCC tactics mode
display format was selected to provide overall situation information, including
alternative target tracks. This display will be used for those aspects of training when
addressing the problem as a whole (e.g., recounting own ship and target actions).

The general purpose graphing display (see Hammell, Gasteyer, and Pesch, 1973;
Hammell, Pesch, Ewalt, and Rabe, 1976), consisting of three graphs, will be used for
illustrating the relationships betweeen variables. This display has been developed and
used with the laboratory experimental training simulation TAT system. It consists of
three graphs each capable of displaying any recorded parameter versus any other;
typically, it is used for graphing parameters versus time, Tactical variable relationships
can be illustrated by comparing the variables across two or three graphs. The basic
three-graph display has been modified to include multiple traces on each graph; this
permits direct comparison of alternative tactics effects. Other modifications include
digital X,Y readouts at the point where an adjustable vertical cursor cuts each graph
trace. This display is extremely flexible due to its general purpose format and very
adaptable to the investigation of a wide variety of issues.

The third display is of a special purpose format, designed specifically to investigate
the effects of own ship maneuvers. Its format was designed similarly to the familiar
line-of-sight diagram, with additional graphical and alphanumeric information repre-
senting various alternative maneuvers. This display generates comparative information
on relevant tactical parameters for up to nine alternative maneuvers. The display is
used for demonstration, explanation, and feedback. Some degree of flexibility is
available in format of information displayed, since little data is available in the
research literature to guide the design of an alphanumeric/graphic display. This display
represents one of many possible special purpose displays that can directly address
tactical training issues.

Each display format is explained in greater detail in Appendix G.

RESEARCH AND DEVELOPMENT PLAN

The research and development plan identifies areas of needed tactics training
research, establishes research priorities, recommends research structure and scheduling,
and presents a detailed plan for initial investigations. This plan pragmatically
represents the current training research needs of the submarine training community
from the design, implementation, and evaluation standpoints.

The plan recommended three levels of research under which twelve areas should be
investigated. The three levels (see Figure 10) are:

a. Level I. Fundamental investigations in a highly controlled laboratory
environment. This level should investigate a wide variety of issues, narrowing
the field to those that have potential for application in submarine tactics
training.
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Level Il. Applied investigations bridging the gap between the laboratory and
the operational implementation. These efforts should ascertain the effective-
ness of the issues recommended by the laboratory research, identifying those
that should be implemented and developing them for implementation.

c. Level lll. Implementation, evaluation, and refinement of the training system
capabilities in the operating training setting. These efforts should update and
improve the operational capabilities, providing feedback concerning results and
needs to the preceding levels.

These levels of research should be conducted in a closely integrated reciprocating
fashion. Although research issues can originate at any level, they should generally
originate at the first level and proceed through the structure. An information flow and
analysis system was also proposed for directing research within the structure and
dissemination of information.

The twelve areas of recommended research cover a wide variety of relevant issues
(see Table 4). Many additional areas exist. These twelve areas, however, were deemed
as the most important. The areas were identified from the research literature and
investigation of submarine tactics training needs. It should be noted that they represent
research needs, and do not necessarily represent operational training needs. The order
of listing in Table 4 represents the recommended order of priority. Recommendations
for the scheduling of eight of the research areas are presented in Figure 11. Each of
these areas is discussed in detail in the research and development plan, along with the
other aspects of the plan. This plan has been submitted under separate cover to
NAVTRAEQUIPCEN.

MODIFICATIONS TO THE TRAINING MODEL

The training model, Submarine Tactical Operations Model (SUBTOM), was
developed for the experimental training simulation trainer (see Pesch et al, 1974;
Hammel et al, 1976) to demonstrate TAT capabilities. It was modified during this
project for the purposes of (1) evaluating the exercises developed for the
SUBSCOL/TAT evaluation, and (2) providing the training context during the applied TAT
evaluation in the EA laboratory. These modifications were accomplished separately for
each purpose; they are discussed together, however, since they. represent the
capabilities of the training model.

Several types of model modifications were made: (1) modification of the model's
structure to enable additional capabilities within the limitations of the hardware/soft-
ware configuration, (2) modification and addition of capabilities to support the
developed TAT training process, and (3) addition or modification of capabilities to
facilitate the instructor trainee/device interaction. A summary of the modifications is
presented below.

The SUBTOM program structure was modified to enable the use of an alternative
tactics capability. This required the generation of multiple data files, and accessibility
of the TAT operational display as well as the other feedback displays. The major
change was the modification of the scenario initialization sequence to permit multiple
data files and to control their access. This capability permits the restarting of a
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TABLE 4. RESEARCH AND DEVELOPMENT AREAS LISTED IN ORDER OF PRIORITY

Investigation Structure Level

Research and Development 1 1 111 3

I. Feedback Displays X X X

2. Trainee/Instructor/Device Interaction X X X

3. Interactive Adaptive Target X X X

4. Training Techniques X X

5. Transfer of Training X

6. Performance Measures and Standards

7. Application of TAT to Other Trainers

8. Training Environment X X

9. Trainee Condition X )
10. Fidelity X
11. Performance Library

12. Data Collection Techniques X
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problem at any point in time, and generates independent own-ship track (i.e., up to nine
independent tracks). It further enables the simultaneous comparison of recorded
tactical and performance parameters on the feedback displays for each of the
alternatives.

The majority of effort updating the model was concentrated on the modification
and addition of model capabilities. These are summarized below:

e The general purpose feedback display and TAT operational display were
modified. Two new feedback displays were developed. These are previously
addressed in this section.

e Several modifications were made to the tactical models, including modifica-
tion/addition of bow and stern nulls for own ship and target

e The system solution factors were modified to speed up convergence

o The own ship range ring was added as an option in place of the automatic range
ring at 50 percent PCD.

e Changes were made to the alphanumeric readouts.

e Several new performance measures were added, including: (1) average closing
rate, (2) average PCD, (3) time to station, (4) solution accuracy, (5) quality of
approach, (6) information rate, (7) average information rate, (8) combined
information/PCD measures, and (9) average combined information/PCD.

e Performance measures may be displayed in real time on the TAT operational
display. The instructor may select the measure for display.

Several modification and additions were made to facilitate the instructor
trainee/device interaction. Most of these were made with regard to the TAT evaluation
in the EA laboratory. They included:

A single keyboard request to enter course and speed commands

A moveable vertical cursor on the general purpose graphing display, giving X
and Y readouts where it crosses plotted curves

e Flexible accessibility to the operational and feedback displays, including a
pause capability in the operational problem that allows investigation of
feedback displays prior to continuing the problem

e Automatic scaling of the general purpose graphs in correspondence with the
set of alternatives displayed on each graph. These capabilities, although not
affecting the TAT function, assist in the use of TAT

The modifications were correlated to the specific training processes developed.
They presuppose a particular TAT configuration. The TAT and model capabilities should
be designed with regard to their specific use in every training situation. This is
particularly true regarding feedback information, such as that which the special purpose
feedback displays provide.
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SECTION IV

EMPIRICAL INVESTIGATION OF TRAINING ASSISTANCE TECHNOLOGY

INTRODUCTION

Training assistance technology (TAT) capabilities are conspicuously absent from
many training systems, both commercial and military, including those in the submarine
training area. Although TAT concepts may appear intuitive to training experts, they
have not been fully understood or requested by the simulator designer and user. The
necessity exists, therefore, to demonstrate the relative effectiveness of a training
process embodying TAT capabilities. This investigation evaluated TAT capabilities in
comparison with the traditional training process.

The laboratory investigation of TAT was undertaken for the purpose of evaluating
the effectiveness of these capabilities for applied submarine tactics training. The
necessity for empirical data regarding TAT's effectiveness was apparent. An
opportunity developed for a brief laboratory experiment prior to the operational
training investigation. This experiment, in addition to providing objective information
regarding TAT's effectiveness, would provide useful information regarding the specific
design and implementation of TAT capabilities. TAT represents a set of general
capabilities that are part of a training system. Their specific design and use
configuration depends on the particular training situation.

The TAT capabilities have been demonstrated for several submarine tactics
training situations in the laboratory setting (Hammell, Pesch, Ewalt and Rabe, 1976).
Many alternative approaches exist for the configuration and use of TAT in particular
training situations, each of which is likely to differ in regard to its relative
effectiveness. For example, the amount and format of information on a feedback
display may greatly affect the rate of learning. Little is known about the effectiveness
of TAT, much less about the effectiveness of the multitude of possible TAT
configurations. This area of research is in its infancy, at least with regard to submarine
tactics training. The initial investigations of TAT, therefore, may inadvertently be
based on suboptimal configurations. This was considered to be a major problem faced
during the laboratory investigation, as well as the operational training investigation.

Variables considered for investigation included the level of trainee input character-
istics (e.g., officer rank, prior training, and experience) and degree of familiarity with
CRT-type consoles. A simple experimental design was decided upon due to the possible
wide variation in subjects, variables, and their interaction with a TAT configuration.
Resource considerations further strengthened this decision. A relatively simple
laboratory experiment was designed to compare the effectiveness of a simulator-based
training process with and without TAT capabilities. This experiment was conducted in
an applied submarine tactical training context, using experienced submarine personnel
as subjects.
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APPROACH

The approach followed in the design of the experiment was to achieve contrasting
traditional and TAT training processes. The traditional training process followed the
current tactics training approach, while the TAT training process was configured with
regard to the TAT capabilities. This design approach, however, was limited by the
absence of information to guide the design of a TAT configuration. In other words, the
design represents a judgment as to the use of TAT. Resource considerations further
constrained the design. A total of 48 hours was allocated to trainee interaction, which
included pre- and posttraining briefings, as well as the training period itself. This
constraint had a direct impact on the number of trainees used as well as the amount of
training time per individual. A relatively short training program (i.e., approximately 3
hours) was necessitated.

The short training program was developed to achieve a specific tactical objective
in target approach tactics. The tactical objective was:

The commanding officer will be capable of selecting an own ship maneuver (i.e.,
course and speed) to optimally position own ship in relation to the target, and thus
achieve an optimum balance between two independent, and sometimes conflicting,
tactical parameters (i.e., probability of counterdetection and information quality).

This situation is operationally real, although all of the specific characteristics of
the tactical objective are not currently used. The tactical objective represented an
extension of current operational doctrine, in an attempt to ensure some degree of
training potential for all trainees.

The trainee acted as the commanding officer of own ship, interacting with a
simulated MK 81 tactics mode display. In particular, he interacted with the Geosit
submode of the tactics mode display (see Figure 12), selecting own ship course and
speed to attain the desired tactical position in relation to the target. (An explanation
of the tacti<. mode display is contained in Appendix G). The trainee's performance was
evaluatec -~ rhe basis of a summary performance measure that reflected the tactical
training ¢ . tive. Details of the experiment are presented below.

EXPERIMENTAL DESIGN. The experimental design consisted of two groups, each of
which received individualized training: (1) the TAT-trained experimental group, and (2)
a traditionally trained tactics group. Each group participated in a series of 10 training
exercises using the simulator. Each exercise included a tactical scenario in which the
trainee performed, yielding a summary performance datum for each trainee in each
exercise,

Five distinct scenarios were developed presenting different tactical problems to
the trainee, requiring unique tradeoffs in achieving an optimum own ship maneuver.
The tactical parameters (e.g., OS and target speed, angle on bow (AOB), aspect, and
range) were randomly varied within the design of the first five scenarios. Their mirror-
image scenarios were then randomly distributed among the second five exercises. Each
trainee received the same sequential order of the 10 different tactical scenarios,
representing five fundamentally different situations. This design enabled the
investigation of several aspects of the learning curves.
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O Figure 12, Tactics Mode Display
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Several analyses were planned to investigate the two predominant aspects of the
learning curve: (1) the relative level of final achievement, and (2) the rate of learning.
The level of achievement was evaluated by comparing the performance on the first and
last scenarios, with the training gain represented by the difference. Futhermore,
absolute achievement differences between the TAT and traditiona! training processes
were compared on the basis of the final exercise/scenario.

Differences in the rate of learning were evaluated by comparing performance on
the first scenario with performance during the middle group (i.e., 5, 6, 7) and final group
(i.e., 8, 9, 10) of scenarios. Several analytical techniques were appropriately used.
These included:

a. A comparison of the overall group variances using the Hartley F-test for
homogeneity of variance (Winer, 1971, pages 206-207).

b. A comparison of the overall group means using the nonparametric Mann-
Whitney test statistic (Siegel, 1956, pages 116-126).

c. A comparison of the groups means for specific segments of the training
process, i.e., an analysis of the TAT group's mean performance relative to a
confidence interval probability predicted from the control group's mean
performance on the same training segment (Downie and Starry, pages 109-111).

TRAINING PROGRAM. The training program design was developed with the
experimental design and selection of the tactical training objectives. This was
necessary due to the available time for trainee interaction (i.e., 48 hours). [t was also
necessary to closely integrate each of these elements to achieve a potentially effective
training experiment. Hence, these elements were developed around a 3-hour training
program (i.e., 48 total hours divided by two groups of six subjects each, allowing time
for training system description, training exercise overview, and pre- and posttest
administration. Furthermore, the approach taken was to provide a vast amount of
training, thus allowing maximum exposure to TAT for the experimental group.

The training program was designed for an intermediate level of tactical expertise,
approximately equivalent to that of the Submarine Officers Advanced Course. The
program addressed a small segment of the broad submarine tactics area, relying on the
trainee's considerable tactical expertise for those aspects not addressed. The training
program could thus be thought of as part-task, addressing a narrow subset of tactical
skills.

The training program was designed around 10 brief exercises, preceded by a short
presentation, The presentation identified the tactical objective and performance
considerations, and explained the functioning of relevant tactical parameters. The
series of 10 exercises was conducted with the trainee sitting in front of the MK 81
simulator. Each exercise consisted of (1) a short tactical scenario during which the
trainee maneuvered own ship to achieve the tactical objective, (2) delayed feedback
regarding his performance, and (3) instructional information pertaining to the makeup
and tradeoff considerations of the relevant tactical variables. Practice, evaluation, and
instruction were involved in each exercise. An outline of the experimental (TAT) and
control (traditional) group exercises is contained in Appendices H and I, respectively.
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The tactical scenarios represented different geometrical situations, each of which
required different tradeoffs to be made in achieving the relatively optimum own ship
maneuver. The tactics mode display of the MK 81 provided information with which the
trainee could assess the situation and then select the maneuver. The simulator was run
in fast time (i.e., about 10 times actual time), shortening the scenario time
considerably. Each of the scenarios was reviewed by SUBSCOL personnel and
appropriate modifications were made. The major criticism centered on the fast-time
procedure, and the allowance of only a single own ship maneuver. Often, in at-sea
situations, a series of maneuvers would be made rather than a single average maneuver.
This deficiency, although relevant, was considered necessary to enable a sufficient
number of exercises to be conducted (i.e., regarding training and the number of data
points). Details of the scenarios are contained in Appendix J.

The exercises were similar for both groups, but the training methodologies differed
in regard to feedback and instructional information, as well as in their means of
presentation. A traditional tactics training process was used for the control group.
This process was based on the information and displays normally available for tactics
training, which are generally limited to operational displays and track plots.
Performance measures and diagnostic feedback displays are not currently available on
submarine tactics trainers. Acceptable validity of the traditional training process was
ensured by developing it with the advice of SUBSCOL instructors.

The training process for the experimental group was designed to utilize several
TAT capabilities. Tactical performance parameters, such as the probability of
counterdetection, were generated and made available in several forms for feedback.
Two diagnostic feedback display formats were used to aid in directing the trainee's
performance and to illustrate relationships between tactical parameters. These were
(1) a line-of-sight format displaying projected geometrical relationships and tactical
parameters (e.g., signal-to-noise ratio) for several alternative and actual own ship
maneuvers; and (2) a general purpose graphic display allowing for the plotting of any
tactical situation and performance parameters. The graphic display allows these
relationships and the effects of alternative actions to be investigated. (Additional
details of these displays are contained in Appendix G.) Finally, the capability was
available to investigate and compare the effects of alternative own ship maneuvers with
the actual maneuver on the basis of the variety of tactical parameters available for
display. A combination of these TAT capabilities was used during each exercise. They
provided information feedback regarding the specific results of own ship actions. They
enabled detailed investigation of the tradeoffs with alternative actions. They assisted
in the instruction regarding the characteristics of particular tactical parameters and
their interactions,

A major consideration in the design of the exercises, as well as selection of the
tactical training objective, was the availability of an objective summary measure of
performance. A variety of tactical parameters were used to provide feedback during
training. These included, for example, the signal-to-noise ratio over time and target
angle on the bow. A summary measure, representing the tactical objective, was
necessary, however, to assess the differences between traditional and TAT training
processes. A composite measure was developed based on two independent tactical
parameters, each of which was weighted equally. These were (1) the probability of
counterdetection (PCD), and (2) the quality of sensor information (I). Algorithms were
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developed for each, based on several other relevant tactical parameters (e.g., signal-to-
noise ratio). The trainee's tactical performance was represented by a composite of
these two parameters (IP) based on their average value during the 10-minute period
following the own ship maneuver, The optimum tactical solution was the highest
possible combined value for the particular situation. The performance measure was
designed to be tactically relevant and sensitive to differences in own ship deployment.
The tactical problem was enhanced by the often opposite actions called for by each of
the two tactical parameters. Some tradeoffs were necessary to achieve satisfactory
solutions. Furthermore, the values of the respective parameters were not presented by
the tactics mode display, and thus required estimation based on available tactical
information. These factors contributed to the training potential of the tactical
situation.

TRAINEES. Twelve submarine officers considered to be at an average intermediate
level of tactical expertise were selected as the trainees. Individual expertise and
background varied substantially, as indicated by completed biographical sketches. The
trainees were paired on the basis of background factors and randomly assigned to the
experimental and control groups. It should be noted that many of the trainees had some
experience with CRT type operational displays, either MK 81 tactics mode display or
MK 78 Analyzer. Background details of the officer trainees are summarized in
Appendix K,

APPARATUS. The training program was conducted using a simulation of the Geosit
submode display of the MK 81 tactics mode display. This display presents sonar and
target motion analysis information for the target, as well as own ship motion
information and geographical/situation plots of own ship and target tracks. It is used
operationally for evaluation of the situation and planning of own ship actions. The
simulation is based on an extensive two-submarine interaction model developed
specifically for this laboratory experimental training simulation (see Hammell, Ewalt,
and Rabe, 1976). The simulation model is currently operating at Eclectech Associates'
facility and the NAVTRAEQUIPCEN Human Factors Laboratory. The prototype/model
also includes a variety of TAT capabilities. Several modifications were made to the
submarine tactical operations model (SUBTOM) to:

a. Update the Geosit submode display

b. Generate specific diagnostic feedback display characteristics necessary for
this training program

c. Provide for specific instructor/simulator interface requirements necessary to
conduct the training

d. Generate specific performance measurement algorithms for use during training

e. Develop other general model capabilities

The TAT capabilities were specifically configured for this experiment as a result of
these modifications.
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The simulation was based on a modified Digital Equipment Corporation GT-44
system, primarily consisting of a PDP 11/40 computer, 17-inch CRT, and general
purpose keyboard. All visual information was presented on the single CRT display. The
information used for feedback and instruction was generated by the model during the
scenario and stored on a disk for later retrieval, or was generated later in real-time by
the model upon request by the instructor., Hard copy summaries of all relevant
parameters were made following each scenario, enabling later reconstruction.

PROCEDURE. The experimental procedure was the same for the experimental and
control groups, with the exception that the former group had use of the TAT
capabilities during training. Before and after the training session all trainees completed
a written test assessing their level of tactical knowledge in the general subject area.
Completion of the pretest was followed by a brief familiarization period during which
the tactics mode display was explained. The information feedback and instruction
formats were then explained; the experimental group was shown the TAT capabilities at
this time. The series of 10 exercises, comprising the training program, were then
ac ninistered consecutively. Each exercise consisted of, in order:

a. The scenario, requiring the trainee to maneuver own ship
b. Feedback exploring the trainee's actions during the preceding scenario
c. Instructions explaining the relevant tactical variables and their interactions

The first scenario was considered as the operational pretest; the last scenario was
considered as the operational posttest. The written posttest was administered following
completion of the final exercise, thus compleiing the experimental session. Each
trainee in both groups participated in this procedure individually. A detailed chronology
of this procedure is presented in Table 5.

RESULTS

The data were analyzed to evaluate the relative effectiveness of the training with
TAT capabilities in comparison with a traditional submarine tactics training process.
Specifically, the data were evaluated to investigate (1) training gain diiferences on the
basis of pre- and posttraining performance, and (2) rate of training gain differences on
the basis of performance during the training program. The summary performance
measure (IP) was the basis for the analyses. The data collected from each subject's IP
perforinance for each of the ten scenario trials are shown in Figure 13,

A homogeneity of variance test was performed on the data prior to the analysis for
experimental effects. The variance of the TAT group was found to be significantly less
than that of the traditional group (F=2.28; df=2,59; p<0.01). The individual scenario

variances for the two groups are plotted in Figure 14. This figure shows that both
groups had identical levels of variance on the operational pretest (the first scenario).
The variance of the TAT group decreased with the subsequent scenarios and remained
consistently low for the duration of the experiment, with the exception of scenario 9.
The variance of the traditional group, in contrast, changed widely and was inconsistent
across the series of scenarios. Furthermore, inspection of Figure 13 shows an
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TABLE 5. EXPERIMENTAL PROCEDURE

Time _Experimental Activity
5 A. Introduction and biographical sketch
10-15 | B. Written pretest
5 C. Demonstrate Operational Display — Both control and treatment demon-
stration on functional equivalent of MK 81; explain data blocks, north up
display, O/S maneuver limitations, etc.
10 D. Demonstration feedback display
1. Control feedback
a. PCD exceeds or does not exceed 50% levels of range of day
predictions.
b. [is achieved or not achieved.
¢. Qualitative IP information; equally weighted feedback summary of
PCD and I performance feedback referenced to frozen operational
display.
15 2. Treatment feedback
a. LOS display (aiternatives)
Interrelate
(1) AOB (Projected) and PCD) (4) 1 and PCD
(2) S_and PCD (5) 1and R
(3) & and PCD (6) Rand C_
b. Graph dispﬁ\y :
(1) Show PCD, I, and IQ (3) Show I as a function
(2) Show PCD as a function of: of SNR
Proj. AOB, DMH,, C,» aspect (4) Show PCD, I, and IQ
E. Training Exericse (R OPER 2)

Exercise #1
Scenario (Pretest) 6 min/scenario
Feedback
Instruction
Exercise #2
Scenario
Feedback
Instruction

Exercise #10
Scenario (Posttest)
Feedback
Instruction
Treatment Feedback (each scenario)
LOS (Diagnostic) - 3 min/scenario

»
Time estimate in minutes
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TABLE 5. EXPERIMENTAL PROCEDURE (CON'T)

Time" Experimental Activity

3 graph (Analytic) - 7 min/scenario
Hardcopy - 5 min/scenario
Total Exercise Time/Treatment Subject = 3 hrs, 30 min
Control Feedback (each scenario)
Operational Display (Frozen) - 5 min/scenario
Hardcopy - 5 min/scenario
Total exercise time/control subject = 2 hrs, 40 minutes

F. Written posttest

. .
Time estimate in minutes
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EXERCISES
1 2 3 4 5 6 7 8 9 110

s1]0.86] 0.99] 0.80] 0.50| 0.85| 0.85| 1.00] 0.77] 0.84] 0.91
s2 | 0.87| 0.98] 0.70| 0.71{ 0.85 | 0.81| 1.00| 0.79] 0.81| 0.87

TAT s3] 0.90|0.98] 0.75]| 0.61| 0.82| 0.72| 1.00| 0.69| 0.72| 0.84
(EXPERIMENTAL | 4| 0.28|091]|0.75| 0.50| 0.88|0.74| 0.83{ 0.80{ 0.50| 0.83
ss | 0.52{ 0.45| 0.58| 0.50| 0.80 | 0.78 0.82| 0.75] 0.49| 0.91

s6 | 0.90] 0.85| 0.73| 0.50| 0.83] 0.75| 1.00| 0.80| 0.85| 0.89

s7 | 0.86| 0.12]| 0.60{ 0.50| 0.79| 0.67| 0.95| 0.77| 0.50| 0.65
s8 | 0.42| 0.50| 0.56| 6.50| 0.65 | 0.40| 0.85| 0.66| 0.50| 0.85
Tl(‘(?gg?glst s9 | 094 0.97|0.88| 0.61| 0.95|0.87| 0.99( 0.90| 0.94| 0.94

$10 | 0.37| 0.50| 0.63| 0.50| 0.09 | 0.67 0.88{ 0.14{ 0.50{ 0.80
s11| 0.43{ 0.94| 0.73! 0.50} 0.78 0.69| 0.93| 0.83}| 0.50{ 0.91 )
$12 ] 0.41}0.12] 0.15| 0.49] 0.568 0.59] 0.85| 0.65] 0.50| 0.86

Figure 13. Experimental Design Configuration, Listing the IP Performance Scores by
Subject and Exercise
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Figure 14. Experimental and Control Groups Graphs
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apparently wide difference in the variances of the TAT and traditional groups in several
of the scenarios, with the variance of the TAT group often lower.

The investigation of training gain was conducted by comparing the magnitude of
the IP change from the operational pretest (scenaric 1) to the operational posttest
(scenario 10) for both groups. No significant difference was found in the overall
training gain between TAT and traditional groups.

Several analyses were conducted to investigate differences in the rate of training
gain. The mean [P performance on each scenario is plotted separately in Figure 15 for
each group. This figure shows that the TAT group performed at a higher level on all of
the scenarios. This observation was confirmed by the finding of a statistically
significant difference in the overall mean IP performance between the groups' test
results (Z:60, 60; = 2.73; p<.01). See Figure 16. Figures 14 and 15 show that the
performance differences between the groups appeared greatest in the middle trials, and
not as great in the later trials. The early trials showed large variances for both groups.
Statistical analyses were performed on subsets of the scenarios to further investigate
the apparent differences in the rate of training. The TAT group was found to perform
significantly higher during the middle subset of scenarios (i.e., scenarios 4, 5, and 6) in
comparison with the traditional group. The mean TAT group performance in this subset
was beyond the 95 percent confidence level predicted from the traditional group's mean.
Significant differences were not found between these groups on a later subset consisting
of scenarios 7, 8, and 9, on scenario 1, nor on scenario 10. These findings suggest
differences in the rate of training gain between the two groups, with the TAT group
reaching an asymptotic performance level at an earlier time in the training program.

DISCUSSION

OVERVIEW. This experiment, investigating the relative effectiveness of TAT, was
performed with economy as a major consideration. Other factors of interest have been
omitted; additional clarification has been left for later analysis. This investigation has
thus developed information providing insight into several fundamental training issues,
while identifying the substantial need for further investigation into a wide variety of
issues impacting the application of TAT.

The two important issues impacting training effectiveness are (1) the final level of
performance, measured as training gain from a set input level; and (2) the rate of
training gain, measured as time between the set input level to a set output level. The
former directly affects the ultimate level of operational submarine system perfor-
mance. The latter directly affects the training system efficiency. The latter can also
affect operational submarine system performance if a preset period of time is allocated
for training. The experiment was designed to permit evaluation of both.

Inspection of the data reveals that the officers entered the experiment with a wide
range of tactical expertise pertaining to the specific tactical objective. This was borne
out by the relatively large standard deviation in scores on the first scenario for both
groups (S = 0.25). This represents 50 percent of the possible range of scores. The range
of scores actually obtained on the first scenario was between 0.28 and 0.94. Officers
entering at the lower to middle range of scores could potentially receive substantial
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training benefit. Those officers entering at the upper range of scores precluded
potential training gain. A more powerful, but less economical, approach would be to
select trainees on the basis of their pretest score, thus eliminating those with high
entering scores. This procedure would greatly reduce the trainee variance. Constraints
during the experiment, however, necessitated the inclusion of all officers.

The geometrical scenario situation, as was expected, appeared to have an effect on
performance, also contributing to the variance in the data. The scenario effects were
not statistically analyzed, since their designs were not categorized, but can be observed
from Figures 14 and 15. For example, the highest and lowest scores for both groups
occurred in scenarios 4 and 7 respectively. Not only were the respective performance
scores very close for both groups, but their variances were also small. Review of the
scenarios confirmed the substantial effect of the respective similar tactical situation
geommetries. Scenarios 3 and 10 showed similar effects. The trend of scores across the
training program (Figure 15) is strikingly similar for both groups, further substantiating
the effect of the scenario situation. These observations point to the considerable
operating constraints imposed by the tactical scenarios.

The TAT group was found to perform much more consistently than the traditional
group, as evidenced by the Hartley homogeneity of variance test. This finding was
unexpected. Its cause was not precisely determined. The most parsimonious
explanation is based on the large entering performance variance between the officers in
both groups. It is based on the fact that officers entering at a low proficiency level
have a lot to gain, while those entering at a high level have little to gain from the
training; and that the TAT process was apparently more effective than the traditional
process in training those officers at the lower entering levels. Those officers at the
lower range of input levels in the TAT group appear to have consistently improved
during the first several exercises, rapidly reaching a level of performance equivalent to
that of the officers at the high range of input levels, hence reducing the variance.

The TAT capabilities, therefore, appear to have provided the greater benefit to
those individuals that had the greater need and potential. Those traditional group
officers at the lower range of input level performance did not appear to benefit as
rapidly or as consistently from the training. Perhaps they were unable to assimilate the
various aspects of the tactical objective early in the program, requiring a piecemeal
approach over a longer period of the training program. This explanation suggests that
the TAT group performed more consistently as a result of rapidly elevating the
performance of the subgroup entering at the lower proficiency levels. The rate of
training gain is discussed in more detail below.

TRAINING GAIN. Both the TAT and traditional groups appear to have gained in
tactical proficiency, as evidenced by the performance differences in the pre- and post-
operational tests. Although the TAT group reached a higher level of average
performance they did not show a training gain greater than that of the traditional
group. This may be due to several factors. The most plausible explanation is that both
groups reached a high level of tactical performance at or before the tenth scenario; and
the traditional training approach was sufficient to achieve the maximum level of
tactical proficiency in this task within the time allotted. Support for this explanation
decrives from the high input levels of proficiency exhibited by a large proportion of
officers of both groups. The tactical objective selected was realistic to the point that
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many officers were able to perform at a high level on the basis of the brief lecture
preceding the first scenario. This explanation is consistent with the training program
development approach, providing more than enough training rather than an insufficient
amount,

Other factors are likely to also have affected the results. A factor causing some
variance was the scenario situation, as noted earlier. A valid test of TAT training gain
should be conducted under conditions which preclude the traditional group from
performing at a high level. Only in this manner would the relative TAT/traditional
differences in training gain be apparent.

RATE OF TRAINING GAIN. The training gain is often a misleading statistic since most
training methodologies can achieve acceptable levels of training gain if given a
sufficient amount of training time. Rather, the rate of training gain is the more
important factor since it is based on the amount of gain over time. Both the TAT and
traditional groups achieved a similarly high level of performance by the tenth trial.
Both groups entered training at approximately the same level of performance. The TAT
group, however, achieved significantly higher performance in the middle group of
scenarios. The TAT group, therefore, exhibited a rate of training gain significantly
higher than that of the traditional group. This finding is further supported by an
apparently substantial reduction in TAT group performance variance by the third
scenario. These results suggest that the TAT capabilities yielded a substantial training
gain during the early exercises, resulting in the TAT group achieving their maximum
performance level near the middle of the training program. The traditional group
responded to the training at a slower rate, achieving their maximum performance near
the end of the training program.

These findings demonstrate in a limited context that the TAT capabilities can
enhance the effectiveness of the submarine tactics training process. An evaluation of
the various training system characteristics, and their design regarding the TAT
configuration, would likely result in greater training process enhancement. Character-
istics requiring further investigation include:

a. Display design with regard to fundamental man-display interaction and tactical
training applications

b. Training technologies used for the applied training of submarine officers
¢c. Performance measures
d. Mix of classroom and simulator time

e. The training strategy (e.g., timing and use of displays and length of the
training program)

These and other characteristics should be investigated with regard to the effective
application of TAT capabilities in various training areas.

64

Ty




L :

NAVTRAEQUIPCEN 77-C-0107-1

CONCLUSIONS AND RECOMMENDATIONS

The applied simulator-based training process is enhanced by the use of TAT
capabilities. This conclusion is particularly warranted in the context of submarine
officer tactics training. The TAT capabilities enhance the training process by reducing
the amount of training time, thus increasing the number of officers who can be trained.
Alternatively, TAT capabilities will allow additional training objectives to be achieved
during the given training time. In either case, the addition of TAT capabilities will
improve the efficiency of the training system.

It is recommended that the generai TAT capabilities should be added to the existin
tactics training simulators for both individual and team training. The gener
capabilities should be installed to enable the flexible design and modification of the
TAT configuration. Furthermore, it is recommended that research be conducted to
delineate the relative effectiveness of various TAT characteristics and configurations.
This research should be designed to yield effective TAT configuration designs for
application in submarine officer tactics training and other areas of training. The results
of this research could be a major source of information for the specific implementation
of the Submarine Advanced Reactive Tactical Training System (SMARTTS) program
characteristics.
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\ SECTION V
CONCLUSIONS AND RECOMMENDATIONS

] : The conclusions and recommendations developed during Phase | pertain to the
3 selection of the device and course for TAT experimental implementation, development
4 of the training process, training model updates, TAT/21A37 interface, long-term

. research and development needs, and the applied laboratory investigation of TAT. Each
of these areas is addressed below.

The selection of a device and course within which to implement and evaluate TAT
at SUBSCOL was affected by several important considerations. These included the
potential effectiveness of TAT, the installation and operational feasibility, and
installation cost. The two primary training devices under consideration (i.e., 21A37 and
21B63) often differed widely on these characteristics, in such a way that there was no
clear-cut choice. Either device would be acceptable and feasible for TAT evaluation.
The 21A37, however, was recommended for the evaluation on the basis of its potentially
greater benefits to tactics training; it is currently utilized notably more than the 21B63,
and should be used extensively in the foreseeable future.

Several formal courses were found to be appropriate for the TAT evaluation. These
are: (1) the Submarine Officers Advanced Course (SOAC), (2) the Prospective Executive
Officers Course (PXO), and (3) the MK 113 Mod 10 Familiarization Course (FAM). Each
of these courses addresses a variety of tactical issues at the intermediate to advanced
level, and may employ the MK 81 tactics mode display. These courses will provide an
appropriate context for TAT evaluation.

It is recommended that the TAT evaluation curriculum develop a common segment
for SOAC and PXO courses. The MK 113 Mod 10 FAM course is not recommended,
since it is taught only on the 21B63 Device, and does not use the 21A37 Device.
However, since the development of the two courses is based on the similarity in the
tactics portions of the curricula, a high degree of flexibility enables either course to be
presented with minimal adjustments. This developmental approach has been followed.

The SOAC and PXO courses have similar training objectives and course material
for those parts addressing tactics. The approach to training in each course is also
similar, with greater emphasis on the FCC position in the former and on the AO position
in the latter. Considerable overlap, however, does exist since both positions receive
some training in each course. The TAT course segment was developed to be integrated

with either course, addressing tactical issues directly pertinent to both the FCC and
AO.

A variety of tactical issues were investigated with the selection based on the (1)
potential effectiveness of TAT; (2) achievement of issues within the available time
frame and MK 81 WCC training context; and (3) availability of training material. The
issues selected pertain to (1) the deployment/maneuvering of own ship with regard to
TMA, and (2) closing the target to a position of tactical advantage. These issues may
present a difficult tactical decision-making problem to the approach officer, assistant
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approach officer, and fire control coordinator. Three training objectives were
developed from these issues:

a. Recognize the effects of the mission objectives in constraining the values of
closing rate, solution accuracy, and probability of counterdetection

b. Understand the "optimum geometry" concept (optimum maneuver recommen-
dations relative to solution accuracy, closing rate, and PCD tradeoffs)

c. Recognize the potential impact own ship maneuvers have on probability of
counterdetection, target bearing error, signal-to-noise ratio, and bearing
localization accuracy

These training objectives are the basis for which the curriculum segment was developed.

The TAT evaluation at SUBSCOL will be accomplished by monitoring TAT
capabilities during training. This open-ended approach will evaluate available data, and
allow a high degree of flexibility during training. The constraints of a rigorous
experiment will not be imposed. This approach is most amenable to training on the
21A37 Device in a team context. The training emphasis during the TAT-based segment
will be on the AO, AAO, and FCC positions, consistent with present SOAC and PXO
practices. All trainees rotate through all the positions receiving relevant feedback
regarding the position they may be occupying at the time.

A modular training course segment is recommended, consisting of five modules to
achieve the training objectives: (1) initial TMA, (2) TMA maneuvers, (3) closing rate, (%)
optimum geometry, and (5) probability of counterdetection. Each module addresses
distinct aspects of the TMA/closing problem, addressing tradeoffs between TMA and
closing. A complicating factor, in the form of probability of counterdetection,
affecting both TMA and closing tactics, is also addressed. Seven exercises were
developed comprising the five modules. The exercises were developed to use the TAT
capabilities, including diagnostic feedback displays, alternative tactics generation, and
performance measures. The exercises/modules will comprise 8 to 10 hours of tactics
training.

Several performance measures, both primary and secondary, were deemed
necessary to support the training process. The primary measures were developed
specifically for the TAT course segment and directly pertain to the objectives of the
training process. They include part-task and summary measures. The part-task
measures will be used to evaluate aspects of performance during the training process
including: (1) closing rate, (2) time to station, (3) solution accuracy, and (4) probability
of counterdetection. The summary measure will be used to evaluate overall
performance; appropriately, it is the quality of approach. Detailed algorithms have
been developed and recommended for each primary measure. The secondary measures
include available tactical parameters, such as signal-to-noise ratio, that are relevant to
aspects of performance and are used to investigate performance.

The training exercises focus on own ship actions and the system TMA solution. The

operational MK 81 WCC displays and other fire control system hardware/software are
sufficient to support these requirements. Two diagnostic feedback displays have been
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recommended to provide assistance. These are the general purpose graphing display and
the line-of-sight display. A modified version of the previously designed general purpose
graphing display is recommended. The line-of-sight display was specifically developed
for these exercises. One version of this display is recommended for investigating
alternative own ship actions. The other version is recommended for investigation of
speed-across-the-line-of-sight matching. These displays are differentially recom-
mended for use during the exercises.

A research and development plan was developed recommending three levels of
investigation: fundamental, applied, and operational implementation. Investigations
should proceed from the fundamental to the operational implementation. Twelve
specific areas were identified as most important, encompassing a wide variety of
current tactics training research and development needs. Each of these areas was
assigned to one or more of the levels. The priority of research needs was established
via ranking of the twelve areas. Investigation of feedback display characteristics was
recommended as the primary area for investigation; a detailed experiment was designed
to investigate several relevant issues. Finally, a schedule was developed recommending
the time frame for initiation and conduct of research.

The applied laboratory investigation of TAT was conducted successfully with
experienced naval submarine officers. The TAT-assisted trainirig process was superior
to the traditional training process. The training time to reach the criterion level of
performance was less for the TAT group. It is recommended that TAT capabilities be
added to the existing tactics trainers, and be included in all future devices. It is
furthermore recommended that research be conducted to delineate the effectiveness of
various TAT characteristics and configurations, pertaining to submarine tactics training
and areas of training in general.
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APPENDIX A
DESCRIPTION OF SUBMARINE TACTICS TRAINING COURSES

l. Submarine Officer's Advanced Course (SOAC)

Trainees — Individual submarine officers from different ships, OOD trained,
qualified, and generally at the lieutenant level (occasionally LCDR). They are
trained tactically in a team context to the Fire Control Coordinator (FCC)
level. This is the training goal for the weapons/tactics portion of the SOAC
course. Many officers are able to perform at the AAO/FCC level on course
completion. Officers may come from SS, SSN, or SSBNs and be assigned to
such on completion.

Curriculum

(1) 21A37 — Attack center training is directed toward group instruction of
individuals in submarine tactics using passive sonar information. Attack
center scenarios are normally one-on-one interactions to develop FCC
skills and knowledges. AC & is employed for about one-third of the total
course time with the 21A37, the remaining time using AC 2 and AC 3. AC
4 provides the officer with learning experiences in the integration of
tactical information from the MK 81 analyzer within the submarine
interaction. The other 21A37 attack centers provide training experience
for SOAC trainees on the MK 113 FCS, Mods 8 (AC 3), 9 (AC 2), and 10
(AC 4). Officers with through orders to a MK 113/10 SSN can get limited
extra instruction regarding the MK 81 WCC on an individual basis in AC &
or the 21R63.

(2) 21B63 — Lab training time is provided to familiarize trainees with the
basic (knobs and dials) operation of the MK 81 Weapon Control Console.
About one-third of the total 21B63 average of about 20 hours per SOAC
course is spent in the computer-assisted training (CAT) exercise training
mode. The remainder is used for basic TMA (i.e., KAST, Bearing Edit, and
MATE) use of the MK 81 with dynamic exercise (DE) mode. Trainees
typically use the prestored DE exercises and do not normally CONN own
ship in a free play or advanced tactics operations situation. The training
is usually limited to one or two DE exercises to familiarize the trainee
with the MK 81 WCC's purpose in a MK 113/10 or MK 117 FCS.

2. Prospective Executive Officer Course (PXO)

Trainees — Trainees for this course are individual LCDRs, submarine
qualified. They are provided tactics training to the level of AO (encompassing
FCC training). Training is geared toward fire control systems to which these
trainees are likely to be assigned. Training is also provided based on the
trainees' requests (e.g., a trainee whose future assignment is to a MK 113/10
FCS may request additional training time on the 21B63).
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Curriculum — Curriculum is oriented toward advanced tactics training.
Weapon employment, KILO tactics, special operations (e.g., TUBA), etc, are
covered. This course utilizes the same training devices as the SOAC
curriculum (described in the previous SOAC course description). The
curriculum is an advanced version of the tactics covered in SOAC. The
rimary SOAC/PXO course differences are those of instructional emphasis
e.g., both courses use the same trainee guides). Also in comparison with
SOAC, PXO has a greater degree of flexibility in the areas of concentration
based on tactics training using dynamic exercises provided in the device
instructor's manual (wi): instructor contrived variations).

Prospective Commanding Officer Course (PCO)

a.

b.

Trainees — Individual, qualified submarine officers, at the CDR level.
Occasionally, a PCO trainee may be a senior LCDR. (Furthermore, each
officer has been designated for command of a submarine. They are trained in
tactics for the Approach Officer level. Training includes classroom, 21A37
Device time, and actual underwater experience on selected SSNs (as available).
PCOs receive some tailored training directed toward the type of fire control
system most likely on the SS, SSN, or SSBN of which they will take command.

Curriculum

(1) 21A37 SCST time is evenly distributed across all the current MK 113
attack centers. The emphasis in the attack centers is on developing
Approach Officer skills, rather than the introduction into special
capabilities of individual fire control hardware. That type of tactical
information is given in classroom lectures and lab walk-throughs. All the
current attack center sessions now scheduled for PCOs at SUBSCOL are
oriented toward objectives in advanced tactics (e.g., weapons firing, KILO
runs, TUBA). This training is group instruction of individuals.

(2) 21B63 — No PCO curriculum exists for use of this device. PCOs who are
scheduled to go aboard MK 113/10 or MK 117 submarines occasionally go
to the 21B63 Device for basic indoctrination on the MK 81 WCC. Records
show that several PCOs have used this lab for an average of 2 hours each.
All training indicated in the records was of the familiarization type with
CAT and DE exercises to demonstrate the MK 81 capabilities. This may
be classified as knobs and dials plus basic tactics TMA. Insufficient time
is provided to give the trainees an in-depth appreciation of the MK 81
WCC capabilities in command/control problem solving.

MK 113/10 Familiarization

a.

Trainees — Individuals, submarine junior officers, both submarine qualified and
unqualified, and senior enlisted (FTG!1 and FTGC primarily). The officers are
at the LT/LTJIG level. All trainees can be expected to come from SSNs with
MK 113/10 or MK 117 FCS.
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Curriculum

(1) Basic MK 81 Analyzer Operator — The objective of the course is to train
individuals in the shipboard tasks of the MK 81 operator. This includes
TMA functions, KAST, KAST EDIT, MATE, Bearing Edit, etc. Basic
tactics are covered in operation of EDE displays and Geosit displays. The
course use of the 21B63 is approximately as follows:

(@) 60 percent procedural training (knobs and dials) — Functional
equipment operation using the CAT and DE functions of the 21B63
training program. Objectives of training are in manipulation of
encoders, keyboards, etc.

(b) 40 percent basic tactics — Tactical MK 81 employment. Training
employs DE function of 21B63 training program, and training mode of
MK 113/10 SSN688 operational program. Training is mostly concen-
trated in the area of TMA, with KAST, Background KAST, KAST
Editing, MATE and Bearing Editing exercises provided. A small
percentage of device time (less than 10 percent) will cover tactics at
the sonar approach level using the MK 81 geosit displays.

5. REFTRA/PREDEPLOYMENT

a.

Trainees — The purpose of the refresher/predeployment training i< to iipiove
individual and team performance as a result of training in the te. n context.
The trainee population is the fire control party from a specific submarine. The
trainee positions in the team are fixed throughout the tactical problems
presented in the attack center session. The FCC, for example, will be the
same individual throughout the session. This can be contrasted with SOAC
training, where trainees rotate through the various operator positions of FCC,
plot coordinator, MK 81 operator, etc, from one problem to another. These
refresher and predeployment training courses are for SSN crews.

Curriculum — The curriculum for these courses varies based on both training
emphasis requests from the trainee command and on intelligence information
concerning potential tactical encounters for a given operational area. Trainee
commands can select the training emphasis from a list of topic objectives
supplied by SUBSCOL. Typically, trainees received between 20 and 30 hours of
team tactics training. This training will use AC 4 (MK 113/10 UFCS, MK 81)
as more submarines are equipped with the FCS. Team training is now
conducted primarily in AC 3 (MK 113/8 UFCS). The tactical hardware in this
attack center is representative of the SSN637 class submarine fire control
system. If a submarine crew employs a MK 113/10 or MK 117 UFCS, they
would receive team training in AC &4 or individualized operator training on the
21B63 Trainer. Individual training (up to 15 hours), which would be conducted
on the 21B63 Device, is provided to trainees who require procedural training
prior to MK 81 operation in the team setting.
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APPENDIX B
TRAINING DEVICE CHARACTERISTICS

This appendix contains a description of the two training devices, 21A37 and 21B63
(MK 113/10 UFCS), which were candidates for TAT implementation. The 21A37 Device
has a number of variations representing different UFCS Mods. A functional description
of the devices follows.

21A37. The 21A37 Submarine Combat Systems Trainer is configured for four attack
centers (ACs), three of which are currently operating. AC 2 simulates the MK 113/9,
AC 3 the MK 113/8 and AC 4 and MK 113/10. AC 1 is a future installation planned for
the MK 117 FCS. All ACs may be independently operated, with targets and own ship
controlled in course, speed, and depth. Each AC represents an individual own ship,
provided with bearing information simulating passive sonar contact on from one to six
targets. Bearing and tracking data are simulated on the basis of an ocean model and
target SNR. AC 3 is also equipped with a single periscope, providing the capability for
one to six visual targets based on the target tactical parameters (i.e., cours. speed, and
depth). The 21A37 will support a wide variety of tactical operations. Between the
various ACs, the trainees can receive training experience from simulated weapon firings
for all current submarine tactical weapons, against all current threats. In addition,
special mission exercises such as TUBA/KILO can also be simulated. The 21A37 does
not provide automated spontaneous target reactions (i.e., knowledgeable opponent
capabilities). Counterdetection, counteractions, and counterattacks by the target must
be simulated by the off-stage controller. The 21A37 does have the capability for
scenario control in an AC versus AC mode, using any two of the three software-linked
ACs against each other. The 21A37 has a FREEZE capability to halt any problem for
appropriate discussion. There is also a replay capability but this cannot be used to pick
up and pursue alternate outcomes or tactics. These require new scenarios. (Note: AC
4 has only one MK 81 Analyzer Console.)

21B63. The 21B63 Generalized Individual Fire Control Operator Trainer Device has
three MK 81 weapons control consoles. One console is designated the master COTD.
This console serves as the instructor console, the remaining two consoles are available
for training (primarily TMA, i.e., MATE/KAST and EDE).

Two modes of training are supportable with the 21B63 training software simulation
program (to be distinguished from the MK 113/10 operational training program, to be
discussed later). The first mode, the computer-assisted training mode %CAT , provides a
preprogrammed frame-by-frame training scenario (distinct from a continuous tactical
scenario) with an accompanying audio narrative describing the displayed frames. The
narrative is presented to the trainee through a headset. The CAT exercise is essentially
a tutorial mode.

The CAT exercises are stored frames generated from the second mode of 21B63
operation, the dynamic exercise (DE) mode. The DE mode uses a simulation program
based on the MK 113/10 fire control program. The DE provides a tactical scenario with
own ship and target parameters under instructor real-time control from the designated
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: MK 81 instructor console. This mode has both freeze (for immediate feedback) and ’
- replay capabilities (for delayed feedback, i.e., postproblem critique). DE automatic

replay is frame by frame either real-time, twice real time, or very fast time. A

manual DE replay is available which permits a frame-by-frame critique advancing under

the instructor's control. The DE permits discussion of alternatives (e.g., own ship
maneuvers) during a problem freeze, but this mode does not support the generation of
alternative maneuvers during the scenario run or replay conditions. The DE mode only

supports a once-through scenario run and replay. A zero problem capability permits a

problem restart to initial parameters only.

The main use of DE is for TMA training (i.e., MATE, KAST, and Bearing Edit).
This includes KAST editing, background KAST and KAST restarts.

Both the CAT and DE modes supported by the 21B63 training simulation program
have a single maneuverable own ship and from one to eight maneuverable targets. L, is

also under instructor control as it contributes to solution quality versus TMA analysis
time. Maneuvers, both target and own ship, can be prestored and can be modified in
real time (problem run).

The MK 81 (MK 113/10 FCS) regular at-sea operational program, as used on
SSN686/687, can also support 21B63 training in that program's training mode. In the
operational program mode, no target inputs, or own ship control are available. In the
operational program training mode, own ship and targets are controlled as in the 21B63
training program, but there are no prestored maneuvers. No replay, no Weapons Attack
Evaluation (WATE), and no pseudo torpedoes are available. Only a TARGET HALT and
problem restart at the halt point are available.

Gross measures of trainee performance are available in terms of computed
accuracies of the system solution and results of weapon firings.

The 21B63 is not interfaced with the 21A37 computer complex. The 21B63 is a
generalized stand-alone MK 81 COTD trainer.
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APPENDIX C
INTERFACE DISCUSSION

21A37 HARDWARE OVERVIEW

The information regarding the 21A37 SCST was obtained from (1) discussions with
naval personnel, (2) discussions with 21A37 SCST contractor support personnel, and (3)
the record playback system report. The computer system used in the 21A37 Training
System at the Naval Submarine School, Groton, is shown in Figure C-1. It consists of
two UNIVAC AN/UYK-7 central processors and a Digital Equipment Corporation PDP-
11/35 processor. The two AN/UYK-7 processors share a memory bank, with each
processor providing simulation for two attack centers. The PDP-11/35 serves as an
input/output processor for the AN/UYK-7s, controlling information to/from disk storage
mediums and other peripheral devices,

PDP-11/35 SYSTEM. The PDP-11/35 system:

a. Supplies attack center display formats (instructor's consoles, etc)

b. Generates initial setup acoustic data and signature noise and reverberation for
the simulations

c. Provides sound velocity profile data and updates the information from its
ocean data base

d. Provides methods to generate new ocean data bases
e. Sets up all the initialization parameters for each attack center problem

f. Manages problem resets from each attack center as well as overall system
resets

g. Records data from each attack center pertaining to own ship, target, TMA,
and other situational factors

h. Provides the playback mode so that each attack center's training exercise can
be analyzed after the fact

i. Stores the core image AN/UYK-7 programs and footstraps these machines via
the Naval Tactical Data System (NTDS) channel
AN/UYK-7 SYSTEM. The AN/UYK-7 system:
a. Performs all the own ship, target, weapons, and fire control calculations

b. Regulates all the display controls and indicators in each attack center,
including the instructor console

c. Provides the information to the PDP-11 for recording the training exercise

d. Receives playback information from the PDP-11 system and drive all displays
and indicators for after-the-fact analysis of training exercises via the
instructors console

e. Compiles and assembles its own programs utilizing the PDP-11/35 system as
the mass storage device
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Detailed block diagrams for each of the computer systems are shown in Figures C-2
and C-3. Figure C-2 illustrates the PDP-11/35 system which functions primarily as an
input/output controller (IOC). The Autonetics interface between the DEC DR 11B
interface and the AN/UYK-7 is also shown. Figure C-3 illustrates the AN/UYK-7
system configuration. It has a 160K word memory bank shared by both AN/UYK-7
processors. Each processor has an IOC containing 16 channels. The channel
assignments for each IOC are listed in Table C-1. Ten of the 32 input/output (I/O)
channels are currently neither used, nor have a planned use. The I/O channels operate
in the NTDS FAST configuration (logic levels of 0 VDC to -15 VDC).

21A37 SOFTWARE OVERVIEW

AN/UYK-7. The AN/UYK-7s run core-resident trainer applications code is under
control of a core-resident multitasking execute program. The multitasking execute
program was specifically written by Singer-Link for the 21A37/4 SCST. The majority of
the execute code is written in MACRO assembler. The core-resident training
applications code consists of (1) program modules which apply to the different
equipments located in each attack center (e.g., MK 81 WCC), and (2) simulation modules
needed to create data which are not available on a shore-based facility (e.g., target
noise level). These application modules consist of:
a. Timing module — provides clock

b. Sonar and acoustics models module — provides target signature and level
information

¢. Own and target ship motion module — moves the ships around according to
prescribed tactics

d. MK 8l display generator and monitor module — controls the MK 81 WCC
displays, responds to display changes, and updates information or display

e. Weapons simulator and monitor module — keeps track of firings and moves
weapons around

f.  Periscope monitor module — keeps track of periscope data and events

g. Fire control models module — generates TMA data for own ship fire control
system

h. Position keeper monitor module

i.  Central Processing Unit (CPU) "B" intercommunications module
j+ PDP-11/35 data transfer module

k. 1532 console TTY module

. Instructors console displays updates module

m. Interrupt and events module

A large portion of this code is written in MACRO assembler with some of it written in
CMS-2.
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Figure C-2, PDP-11/35 System
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Figure C-3. AN/UYK-7 System
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TABLE C-1. AN/UYK-7 CHANNEL ASSIGNMENTS

Table below shows channel/IOC assignments for 21A37
Channel priority is: 0 = lowest, 174 = highest
Intercomputer Channel (1C)

CHAN. No.g IoC A IOC B
17 SPARE SPARE
16 SPECIAL I/O AC 3 SPECIAL I/O AC 2
15 SPARE SPARE
14 AC 1 DISPLAY AC 2 DISPLAY
13%» MK 117 (CH 0 Bay A) SPARE
120+ MK 117 (CH 0 Bay B) SPARE
T (FUTURE SOT) (FUTURE SOT)
10%* (21B64) (FUTURE SOT)
7 PDP 11/35 SPARE J
6 PERISCOPE - 3 SPARE (PVS = 2)
5 SPARE (PVS 1) SPARE (PVS = 4)
4 1532 Console SPARE
3 AC 3 DISPLAY AC 4 DISPLAY
2 AC 1 DIST I/O AC 2 DIST I/O
1 AC 3 DIST I/O AC & DIST I/O
0 SPARE SPARE
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The execution of each of these modules is under control of the multitasking
executive. The executive is in turn driven by (1) attack center events (i.e., button is
pushed, weapon fired), (2) simulation results (i.e., target detected, target hit), (3) CPU
"B" wants CPU "A" to do something for it (transfer data block to/from PDP-11, etc, (4)
PDP-11 wants CPU "A"s attention and (5) the time. These modules are shown in Figure
C-4. These task items appear as flags in the executive's task queue, and also as
hardware interrupts to CPU "A".

The order in which CPU "A" operates (i.e., task priority) is determined at the time
the system software and hardware is put together. Software tasks that handle rapidly
changing data and/or control and/or have time constraints, are assigned higher priority
than a task which handles slowly varying data and/or does not occur very often and/or
has no time constraints. For instance, the sonar/acoustics module has a higher priority
than the periscope module. It should be noted that task priority is not absolute but is
determined by the events happening at a particular time. Tasks may be "bumped" up or
down in priority depending on the running configuration. Hardware priority is
established in a similar manner with high data rate devices and/or devices with real
time constraints having higher priority than slower devices and/or little real time
constraints. Hardware priority, once set, can only be changed by physically moving
wires or changing switches; it is not dynamic.

Data movement between the different applications modules is accom lished by
setting up data buffer areas in core which do not move and can be referenced and/or
changed by each of the applications modules as required. This means that any module
has access to any or all of the data used by all other modules. Since the CPU "A"
handles two attack centers (1 and 3), the data buffers required for each attack center
are located in different areas of core. A task "crunching" on data for attack center |
can only reference the attack center | data buffers. This is true for attack center 3.

CPU "B" uses the same core memory bank that CPU "A" has access to; CPU "A"
and CPU "B" share the use of main core memory. CPU "D" is also under control of the
multitasking executive in the same manner as CPU "A", and has the same tasks to
accomplish. The only differences are that CPU "B" does not handle the PDP-11 data
transfer module or the 1532 console TTY module, and the intercommunciations module
is now for CPU "A". The other functions discussed for CPU "A" also apply to CPU "B"
with the exception that CPU "B" runs attack centers 2 and 4. Since each CPU requires
the same applications modules they can be the same in core module with the data
buffers for each CPU and each attack center located in different places in core. An
actual core load map is shown in Figure C-5.

Since each attack center is configured differently, the application modules are
written to apply to all attack centers in general. Input parameters that are transferred
from each attack center's data buffer to the applications module specify the
appropriate parameter for the module to accomplish attack center x's calculations. The
same is true for most of the multitasking executive required by both CPUs. They
execute the same in core code with separate CPU "A" and "B" data areas.
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PDP-11/35. The operating system used by the PDP-11/35 processor in DEC's RSX-11D.
At present Singer-Link is upgrading the present version (approximatley 4 years old) with
the latest release level available from DEC. This will not affect trainer operation.
Rather it will ensure continued compatibility with upgraded and enhanced compilers,
utilities, libraries, application packages, and operating systems available from DEC.

The PDP-11/35 system trainer software is unique in that Singer-Link developed a
pseudo-command language on the top of the RSX-11D operating system to simplify
operation of the trainer. The commands in the pseudo-command language are "scripts"
which invoke a sequence of tasks to accomplished PDP-11/35 system functions as
described below:

a.
b.
c.

d.

h.

a.
b.
c.
d.

€.

Load AN/UYK-7s with operational trainer code and transfer AN/UYK-7
control to 1532 console. ]

Pass all the initialization parameters to AN/UYK-7s and set up PDP-11/35
initialization parameters.

Generate initial setup data for acoustics, signatures, noise and reverberations
for each of the attack center simulations.

Generate a new ocean data base,

Load AN/UYK-7 with CMS-2 compiler, transfer source code to AN/UYK-7,
and send compiled code and compiler listings to designated files and/or devices
on the PDP-11/35.

Load AN/UYK-7 with MACRO assembler, transfer MACRO source code to
UYK-7 and send assembled code to designated PDP-11/35 files and/or devices.

Function same as "e" or "f" above to generate AN/UYK-7 load modules and
send output to appropriate PDP-11/35 files and/or devices. In this case, the
executable load images are stored on the PDP-11/35 disk in a form that can be
sent back to the AN/UYK-7 for execution via the unibus-NTDS channel
interface.

Set up PDP-11/35 system for trainer operation mode.

In addition to the list above, there are operational or dynamic "scripts" which are
involved during the training exericse. They are:

Record data of RPO04 disk for playback from each active attack center
Supply CRT formats to the attack centers when requested
Provide updated information for acoustical models in AN/UYK-7

Reset problem for the requesting attack center and initialize all appropriate
parameters

Provide playback information from the task for training analysis

All the routes required by scripts in the PDP-11/35 are written in either FORTRAN
or MACRO . The source code for the routines is located on one of the RP04 disk packs.
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TAT/21A37 INTERFACE APPROACH

3 AUTONETICS INTERFACE. The Autonetics interface between the AN/UYK-7s and the
PDP-11/35 translates AN/UYK-7 NTDS channels signals into PDP-11/35 unibus signals.
A block diagram of this interface is shown in Figure C-6.

This interface will block transfer data to the full NTDS FAST channel rate of 167K
words (32-bits) per second. Since the PDP-11/35 is a 16-bit computer, two PDP-11/35
cycles are needed for each AN/UYK-7 cycle to transfer a 32-bit word to or from the
PDP-11/35. Thus, the PDP-11/35 must be able to run at 334K words (16-bits) per
second, with is no problem, since the unibus can transfer data up to 1.IM words (16-bits)
per second.

The Digital Equipment Corporation DR-11B is the standard DEC general purpose
direct memory access (DMA) parallel data controller. Its specifications are given in the
DEC PDP-11/35 Peripherals Handbook.

The section of the interface built by Autonetics:

a. Translates the NTDS FAST OVDC to -3 VDC logic levels to T2 levels or vice
versa

b. Multiplexes the AN/UYK-7's 32 data lines into 16 data lines for the PDP-11/35

c. Demultiplexes the PDP-11/35's 16 data lines into 32 data lines for the
AN/UYK-7

d. Provides appropriate timing and control for the NTDS control lines and DR-
11B control lines so that data blocks, interrupts, and status words can be
transferred in either direction

The PDP-11 controls the state of the Autonetics interface. This includes:

a. DMA out from PDP-11/35

b. DMA into PDP-11/35

c. Waiting for interrupt from AN/UYK-7

d. Sending interrupt to AN/UYK-7

e. Receiving function (status) word from AN/UYK-7

f. Sending interrupt (status) word to AN/UYK-7

The AN/UYK-7 acts like an intelligent slave on this channel, being only allowed to
function in the mode the PDP-11/35 has set on the interface.

A sample scenario would be:

a. PODP-11/35 sets interface to allow AN/UYK-7 to interrupt it
b. AN/UYK-7 wants to send a 4K word data block
¢. AN/UYK-7 must send interrupt to PDP-11/35

89




NAVTRAEQUIPCEN 77-C-0107-1

l § ' r ’

RIS o e ot KA :4:.:-.} =

——*a-—-..;grv. e

T ¢
£

Ly

-3vDC

=
|

: : o O G 7
‘—————ﬂ NTDS 2 -

CONTROL T4

&2

I

...e"a‘:’& .:.,_', “ P R

_gn DRIVERS i
y 1A ale_t'wn 3

i

o

-

‘ =
& i

|

NTDS 18 LINE

' T 107 P el BRI B TR
g 732 oo 732 | 32. L) ; L4T) nlﬂlf!ll ; “

Figure C-6. Autonetics Interface




NAVTRAEQUIPCEN 77-C-0107-1

d. PDP-11/35 receives interrupt and allows AN/UYK-7 to send function words by
raising external function request (EFR)

= e. AN/UYK-7 sends function words indicating block size, transfer direction, and
data type !

f. PDP-11/35 receives function words, sets up interface for DMA into PDP-11/35
into a particular buffer, and signals AN/UYK-7 to send data by raising and
lowering output data request (ODR) for each word

g When word count register in DR-11B goes to zero, PDP-11/35 completes data
transfer, send interrupt and interrupt status word to AN/UYK-7 stating
transfer complete, and waits for acknowledgement

h. AN/UYK-7 acknowledges interrupt

i. PDP-11/35 receives acknowledgement and sets interface in waiting for
AN/UYK-7 interrupt mode

jo  AN/UYK-7 checks if the transfer on its side is completed properly. If it did
not complete transfer properly, it sends interrupt to PDP-11/35

k. If PDP-11/35 receives interrupt, the interface is set to receive external
function words from AN/UYK-7

l.  AN/UYK-7 sends external function words indicating band transfer

m. POP-11/35 receives external function words and takes whatever action is
required by the program (retransmission, abort, etc)

Data transfer requires relative standardized procedures to ensure proper
conveyance of data. If errors occur, standardized recovery procedures are automati-
cally initiated.

NUSC INTERFACE. Within the last year, the Naval Underwater Systems Center
(NUSC), New London Laboratory, has designed and constructed an interface similar to
the Autonetics interface. The NUSC interface allows computer with NTDS FAST
channels to communicate with PDP-11/35s. Discussion with laboratory personnel
indicate that the NUSC interface operates similarly to the Autonetics interface except
that the NUSC interface was designated to operate with AN/UYK-20 computers and
associated peripherals. This results in differences regarding the meaning of the DR-11B
function codes and status bits. As indicated, the NUSC interface uses a DEC DR-11B
on the PDP-11/35 side and specially designed logic on the NTDS side.

This interface was presently designed only transfers 16-bit words on the NTDS side,

~ since it was designed for AN/UYK-20 (16-bit) equipments. NUSC personnel stated that

to use it with AN/UYK-7 equipments (32-bit) either the interface would need minor

design modifications or the data in the AN/UYK-7 would have to be formatted into or

b out of 16-bit upper-half word or lower-half word format. The design modifications
required would consist of:

a. Additional NTDS drivers and receivers
{ b. A 16-to-32 bit demultiplexer
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Cc. A 32-to-16 bit multiplexer

d. Changes in the control logic requesting two PDP-11/35 1/O cycles for every
AN/UYK-7 cycle

The NUSC interface, as well as the Autonetics interface, can operate with the
NTDS SLOW channel (logic levels of OVDC and -15 VDC). This type of operation would
require, in addition to the normally used NTDS FAST channel, m appropriate supply
voltage changes on the NTDS drivers and receivers, (2) several pulse width changes, and
(3) the ANEW channel with appropriate changes in the line drivers and receivers. It
should be noted that both interfaces have software drivers that have been fully
integrated into DEC's RSX-11 operating system.

Furthermore, both interfaces provide the user with a means of transferring data
between the popular DEC PDP-11/35 series of computers and military computer
hardware (UYK-7, UYK-20, etc) utilizing NTDS FAST, NTDS SLOW, and ANEW
channels. The interfaces are designed to permit the user to define transfer protocol,
data block sizes, data types, and status word definitions for the particular application at
hand.

CANDIDATE APPROACHES. A number of different approaches were evaluated to
accomplish the TAT/simulator interface. In each case the major consideration is the
amount of software to be modified and to be originally written. Discussions with NUSC,
SUBSCOL and Singer-Link personnel indicate that generation and modification of
software for AN/UYK-7s is more time consuming and difficult than for a commercial
computer such as PDP-11s and NOVA3s. Thus the approaches considered either do not
require any AN/UYK-7 changes or just require minor modifications. The major amount
of software will be done in a PDP-11 computer. The different approaches are evaluated
below:

First Approach -- 21A40/Tektronics 4051 Interface. This method was developed and
used by Submarine School personnel at San Diego on the 21A40 Trainer located there.
Figure C-7 is a detailed block diagram of their technique. The data required (fire
control range, fire control course, true range, true course, and signal to noise) for this
particular performance evaluation method is picked off by specially designed and
modified hardware in the acoustic data processor, Unit 9, of the 21A40 Trainer. The
data is then sent serially to a Tektronix 4051 Desk Top Calculator for analysis during
run-time. There are two basic reasons why this technique will not work for the
proposed performance evaluation on the 21A37/4 Trainer.

First, the 21A37 and 21A40 Trainers are distinctly different systems sharing no
common hardware designs. Thus, the hardware approach used on the 21A40 cannot be
used on the 21A37. Secondly, the performance evaluation system proposed for the
21A37 is more comprehensive than that done on the 21A40 Trainer. The proposed
system requires not only the knowledge of the five parameters used on the 21A40
performance system, but also an additional 25 to 30 parameters to comprehensively
monitor the performance on the training system.
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Second Approach -- Use of Current PDP 11/35. This method utilizes the existing
computer systems with a few additions to the current 21A37 PDP-11/35 system. A
block diagram of this system is shown in Figure C-8.

The performance monitoring software will be built as additional tasks in the PDP-
11/35 under the RSX-11 operating system. The additional hardware needed to support
these tasks includes: (1) a non-computer refreshed interactive display such as a
Tektronix 4014, (2) an additional 32K words of memory on the PDP-11/35 to "house" the
additional tasks required to do performance monitoring, and (3) floating point hardware
to speed up performance evaluation calculations. From discussions with Singer-Link and
SUBSCOL personnel and our own observations, the trainer operational software is
loading the PDP-11/35 to approximately 15 percent of CPU capacity and 10 percent of
I/O capacity on the average. Since a PDP-11/35 computer is a singie bus (unibus)
machine, the loading on the unibus determines the actual loading of the computer
system. The bus loading is (to an excellent approximation) just the sum of CPU and I/O
loadings, since both run at main memory speeds. Thus the PDP-11/35 system is loaded
to approximately 25 percent of capacity on the average performing its present tasks in
the trainer system. This leaves approximately 75 percent of idle time which can be
used for other things.

Actual routine experience with a performance evaluation simulation performed by
Eclectech Associates on its in-house PDP-11/40 system indicates that the performance
monitoring system required for the 21A37/4 Trainer will require approximately 25
percent of CPU capacity and 15 percent of I/O capacity for an overall system
requirement of 40 percent of capacity. The addition of this loading on top of the 25
percent gives a usage of 65 percent of capacity leaving a margin of 35 percent still
available.

Memory requirements never exceeded 32K words for the in-house simulations.
Thus an additional 32K words on the PDP 11/35 system should be more than adequate.
In developing the CPU and I/O loadings on the PDP-11 system, it was assumed that the
performance evaluation display would be a non-computer refreshed graphics and
alphanumeric display such as a Tektronix 4014 storage tube terminal talking to the
computer via a DEC DL-11D asynchronous interface running at 9600 board. Since the
performance evaluation software makes extensive use of floating point arithmetic, the
system loading number reflects the inclusion of a DEC KE-11 floating point processor in
the PDP-11/35 system.

Since the trainer system software will require, at certain instants, a large portion
of the CPU and I/O capacity, there will be contention between it and the performance
evaluation software for CPU and I/O resources. This would cause either or both of
these processes, if run at equal priority, to be slowed down, possibly to a noticeable
extent. Since the "smooth" operation of the trainer system is of a higher priority than
the performance evaluation system, the performance evaluation software will be run at
a lower priority than the trainer software. This allows the trainer software to obtain
CPU and I/O resources when it needs it even though the performance software needs
those resources also. This means that the performance software will be behind schedule
occassionally, but will return to schedule when the trainer software does not require
CPU and/or 1/O resources. The final question to be answered is that of the actual
prameters required by the performance evaluation system and their location in the
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present 21A37/4 Trainer System. The ideal situation is to have them located in the
PDP-11/35 system. The pertinent parameters, symbols, and locations are shown in
Table C-2.

Note that only a few of the acoustic/sonar parameters are not available in the
PDP-11/35. Minor modifications will be necessary to AN/UYK-7 and PDP-11/35
programs to transfer these data along with existing record data sent to the PDP-11/35
system. These modifications would be necessary for each of the considered approach
alternatives.

Third Approach --Additional TAT Computer. This method adds an additional PDP-11
computer to the existing 21A37/4 Trainer Computer System. A block diagram is shown
in Figure C-9. Using this method the performance monitoring software would be placed
in its own PDP-11 computer with the existing PDP-11/35 system sending it the required
data at required update rates. This requires the addition of a low priority task to the
existing PDP-11/35 software as well as minor modifications to AN/UYK-7 and PDP-
11/35 programs to transfer parameters to the PDP-11/35 that are not there already.
(See Table C-2).

Parameters are transferred from the PDP-11/35 system to the additional PDP-11
system via an asynchronous serial link consisting of DEC-DL-11D modules in both
machines. This will easily support the once to twice per minute data rate required. The
additional PDP-11 system is configured with (1) 32K words memory, (2) DEC KE-11
floating point hardware, (3) DEC DL-11D asynchronous serial interface running at 9600
baud for the Tektronix 4014 graphics terminal, (4) DEC RK05 2.5 M byte disk system for
operating system and program storage, and (5) a Tektronix 4014 or equivalent non-
computer refreshed graphics terminal used as the main console as well as the
performance display. This approach minimizes software and hardware changes to the
existing 21A37/4 Trainer System. Additionally, the performance evaluation system is
an add-on, only requiring a simple hookup to the existing system. No concern has to
given to CPU and I/O loadings and task contention problems as in the second approach.
This approach is conceptually the easiest to understand and technically the easiest to
execute. However, it suffers a major drawback, the cost of procuring and setting up a
new PDP-11 computer system.

Approach Evaluation. The first approach discussed suffers from two major drawbacks,
as mentioned:

a. The 21A37 and 21A40 Trainers share no common hardware designs. Thus the
add-on hardware design only applies to the 21A40 Trainer System.

b. The 21A40 technique can only obtain a small subset of the required parameters
need for the proposed performance evaluation system.

Because of these drawbacks it cannot be used for the 21A37 Trainer and the proposed
performance evaluation system,

The third approach is the easiest to execute. The cost of this approach, however,
would be somewhat higher than the second approach. The second approach is therefore
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recommended. Although expected to be more difficult than the third approach, this
additional difficulty is expected to be more than offset by the difference in cost. The
second approach requires approximately the same amount of software as the third
approach, but makes greater utilization of the capacity of the PDP-11/35 system.
Extra hardware will have to be procured for the PDP-11/35 system; however, this will
be less expensive than procuring a complete computer system. The second approach is
by far the most cost effective, workable and timely approach of the three approaches
investigated.
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APPENDIX D
SUMMARY OF MODULE TRAINING CONTENTS

INITIAL TMA — MODULE 1

TIME ON LEG CONSIDERATIONS EXERCISE. lnderstand the effect that deita bias
and time on leg have on probable bearing accuracy/DBy error. Performance to be 100
percent correct in definition of direction and relative order of magnitude of the
anticipated effect.

Demonstrate an understanding of the effects of SNR, for a given 0.1 probable DBy
error, on the minimum time required steadied on a maneuver leg. Demonstrate this
knowledge by maneuvering when the minimum number of display data units have
gathered (equates to a specific elapsed problem time). Maneuver recommendation must
be no less than optimum time on leg and no greater than 5 minutes on any maneuver leg.

Demonstrate an understanding of the effect that time on leg has on time to
approach position station by verbalizing the effect that a longer than required time on
leg (for 0.1 probable DBy error) will have on time to approach position station. Answers
will be 100 percent correct in direction and relative order of magnitude of effect.
Answers shall include the effects of excessive time on leg on average values of xDMho,
yDMho.

xDMh, MATCHING EXERCISE. State the tactical variables that can be identified

based 'on detection leg tactical data. Include in explanation:

a. Role of SNR and DBy in estimating bearing accuracy and range accuracy. 100
cent accuracy for situation representing combinations of LOW/HIGH
?Zeélmin) DBy, and LOW/HIGH (0 dB) SNR.

b. Meaning of bearing drift for a known xDMh, LOS, and estimated target speed.
100 percent accuracy for situation representing meeting, crossing, and
overtaking encounter geometries,

Demonstrate an understanding of the available SNR and DRM information by

recommending a maneuver which will match xDMh,. Accuracy within =0.25 DBy
minimum,

RANGE UNCERTAINTY EXERCISE. Demonstrate an understanding of the tactical
implications of range uncertainty by:

a. Initially maneuvering to avoid collision (away from the target attack) for a
high DBy, high SNR contact.

b. [Initially maneuvering to avoid counterdetection (DMholaspect changes) for a
low SNR, high DBy contact.
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c. Initially maneuvering to avoid too great a loss in target true bearing for a high
DBy, low SNR contact (minimize xDMh | on opposite side of LOS).

Maneuvers will be 100 percent correct in direction and magnitude for the specific
maneuver objective.

TMA MANEUVERS (SOLUTION ACCURACY) — MODULE 2

SOLUTION ACCURACY EXERCISE. Demonstrate an understanding of the relationship
between DByn - DBy"+l and solution accuracy by recommending a maneuver which

will maximize solution accuracy for:

a. Lead history leg (no speed constraints)

b. Lag history leg
l. Speed constrained (no overlead possible)
2. No speed constraints

The maneuver recommendation must be accurate within 25 C_ of the geometric vector
alternative which produces the highest end point value of SA.

TMA MANEUVERS (CLOSING RATE) — MODULE 3

CLOSING RATE EXERCISE. Demonstrate an understanding of the concepts of
.approach offset and closing rate by recommending a maneuver which maximizes closing
rate to the approach offset for underlead and lag encounter geometries. Maneuver
recommendation must be within & 5 degrees of the highest value CR alternative
geometry.

Demonstrate an understanding of the effectiveness of own ship in utilizing yDMh
to shorten time to station while maximizing CR to the approach offset. The trai
must use 100 percent of available own ship speed and must match )t:DMht within =0.25
degrees DBy right or left.

PROBABILITY OF COUNTERDETECTION — MODULE &

PROBABILITY OF COUNTERDETECTION EXERCISES. Demonstrate an understanding
of the tactical variables which determine the value of probability of counterdetection
by recommending maneuvers which meet and approach objective while producing
minimum maneuver leg end point PCD for own ship speed constrained to & knots.
Verbalize the maneuver recommendations which would produce high values of PCD for a
projected maneuver leg. Maneuver recommendations must be within 20 degrees of the
PCD minimum maneuver.
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OPTIMUM GEOMETRY — MODULE 3

OPTIMUM GEOMETRY EXERCISE. Demonstrate an understanding of the CR, SA, PCD
approach tactical tradeoff by recommending maneuvers which account for all three
tactical considerations. Be able to verbalize that maneuver rationale.

103/104
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APPENDIX E
TRAINING STRATEGY SUMMARY

Initial TMA - Module One

Training Technique (Methodology)
a. Positive guidance (demonstration displays)
b. Immediate feedback

e Knowledge of results
e Knowledge of alternatives

Displays
a. Operational - geoplot (track history)
b. Demonstration

e TAT geoplot
e TAT feedback displays

c. Feedback

e Alternative LOS
° )cDMht matching

e Three graph
Instructor Function/Performance Measures
The instructor provides the trainee/team with a demonstration scenario prior
to beginning the training exercise scenarios. The demonstration scenario will
provide information concerning CRT display information, exercise objectives,
and performance measures prior to the actual tactics training presentation.

The tactics training presentation will use the same geoplot operational display,
and TAT feedback dispays as used in the demonstration scenario.

The instructor will identify the trainee's performance and provide feedback to
the trainee/team relative to the following performance measures:

Exercise One - Time on Leg Considerations

a. Time on leg
b. Signal-to-noise ratio
c.  Own ship listening aspect
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d. Bearing rate error probability
e. Time to station (TS performance measure)

Exercise Two - xDMht Matching

a. Time to constrain tactical variables, e.g., establish DRM, estimate xXDMh

based on bearing rate, range (SNR), and xDMh,| information 5

b. Accuracy of xDMh‘ matching trainee maneuver recommendation (C o
DMh DBy)

Exercise Three - Range Uncertainty

a. Appropriateness in direction and magnitude of own ship course (speed
(OMh ) is held constant) maneuver recommendation

b. Appropriateness of maneuver with respect to deriving a minimum or a
maximum range bracket for target

¢. SNR
d. DBy

e. |DBy, - DBY, ||

f. Solution accuracy (SA performance measure)

g Range
Trainee Input Characteristics

Training is provided at the FCC/AO level. This initial TMA training module
provides a refresher of basic TMA knowledge and skills. Trainees in a SOAC or
PXO curriculum may find little challenge in the training material. The intent
is to provide an accurate know. base from which to proceed to the next
training module, where those knowledge and skills will be applied.

TMA Maneuvers: Solution Accruacy - Module Two

Training Technique (Methodology)
a. Positive guidance (demonstration displays)
b. Immediate feedback

e Knowledge of results
¢ Knowledge of alternatives
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Displays
a. Operational - geoplot (track history)
b. Demonstration

e TAT geoplot
e TAT feedback

c. Feedback

e Alternative LOS
e Three graph

Instructor Functions/Performance Measures

The instructor provides the trainee/team with a demonstration scenario prior
to beginning the training exercise scenarios. The demonstration scenario will
provide information concerning CRT display information, exercise objectives,
and performance measures prior to the actual tactics training presentation.

The tactics training presentation will use the same geoplot operational display
and TAT displays as used in the demonstration scenario.

The instructor will identify the trainee's performance and provides feedback to
the trainee/team relative to the following performance measures:

Exercise Four - TMA Maneuvers, Solution Accuracy
a. Solution accuracy

b. IDBVn' DBym'l

c. Previous history leg DBy (end point)

d. Projected DBy (end point)

e. SNR
f. AOB

. DMh
§ P
h. Co

Trainee Input Characteristics

Training is provided at the FCC/AO level. This initial TMA maneuver module
provides an information base for making maneuvering decisions with respect to
the value of those maneuvers to improve the accuracy of the TMA solution.
Trainees in a SOAC or PXO curriculum will find this module more stimulating

107




NAVTRAEQUIPCEN 77-C-0107-1

than the first in that it provides a conceptual framework for some very applied
problems; i.e., how much DMho is required for a high degree of solution
accuracy.

C. TMA Maneuvers: Closing Rate - Module Three

2.

3.

Training Technique (Methodology)
a. Positive guidance (demonstration displays)
b. Immediate feedback

e Knowledge of results
e Knowledge of alternatives

Displays
a. Operational - geoplot (track history)
b. Demonstration

e TAT geoplot
o TAT feedback

¢. Feedback

e Alternative LOS
e Three graph

Instructor Functions/Performance Measures

The instructor provides the trainee team with a demonstration scenario prior
to beginning the training exercise scenarios. The demonstration scenario will
provide information concerning CRT display information, exercise objectives,
and performance measures prior to the actual tactics training presentation,

The tactics training presentation will use the same geoplot operational display
and TAT displays as used in the demonstration scenario.

The instructor will identify the trainee's performance and provide feedback to
the trainee/team relative to the following performance measures:

Exercise Five - TMA Maneuvers, Closing Rate
a. Closing rate (CR performance measure)

b. xDMho

Cs yDMho
d. Range (SNR)

L e




T Y

b Sin N

4.

NAVTRAEQUIPCEN 77-C-0107-1

e. Track angle
f. Own ship aspect
Trainee Input Characteristics

Training is provided at the FCC/AO level. This TMA maneuvers module
provides an understanding of the concepts of the approach offset and provides
the trainee with the knowledge of the most efficient approach when only
considering the fastest possible approach to target. This knowledge is
appended to the information provided in the previous module.

Probability of Counterdetection (PCD) - Module Four

2.

3.

Training Technique (Methodology)
a. Positive guidance (demonstration displays)
b. Immediate feedback

e Knowledge of results
e Knowledge of alternatives

¢. Delayed feedback

Displays

a. Operational - geoplot (track history)
b. Demonstration

e TAT geoplot
e TAT feedback

c. Feedback

e TAT geoplot (performance evaluation block)
e Alternative LOS
e Three graph

Instructor Functions/Performance Measures

The instructor provides the trainee team with a demonstration scenario prior
to beginning the training exercise scenarios. The demonstration scenario will
provide information concerning CRT display information, exercise objectives,
and performance measures prior to the actual tactics training presentation.

The tactics training presentation will use the same geoplot operational display,
and TAT feedback displays as used in the demonstration scenario.
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The instructor will identify the trainee's periormance and provide feedback to
the trainee/team relative to the following performance measures:

Exercise Six - Probability of Counterdetection
a. PCD
b. AOB
c. Range
d. Own ship aspect
e. Target baffle area
f. SNR
g DMht
h. DMhp
i. CR
4. Trainee Input Characteristics
Training is provided at the FCC/AO level. This exercise provides the
trainee/team with an understanding of the impact of course and speed
recommendation on PCD. An appreciation for the listening patterns of both
own ship and target is stressed as is the relative effects of own ship and target
DMh | changes.

E. Optimum Geometry - Module Five

Training Technique (Methodology)

a. Immediate feedback

e Knowledge of results
¢ Knowledge of alternatives

b. Delayed feedback
Displays
a. Operational - geoplot (track history)

1

b. Demonstration

e TAT geoplot )
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e Feedback
c. Feedback

e TAT geoplot (performance evaluation block)
e Alternative LOS
e Three graph

Instructor Functions/Pertormance Measures

The tactics training presentation uses the same geoplot operational display and
TAT displays used in the previous modules. This module integrates the various
decision-making considerations trained in the earlier modules. This module is
representative of the real world tactical decision-making tradeoffs.

The instructor will identify the trainee's performance and provide feedback to
the trainee relative to the following performance measures:

Exercise Seven - Optimum Geometry

a. PCD and the appropriate related tactical/performance measures, e.g.,
AOB, own ship aspect, DMh o DMht, etc

b. SA and the appropriate relative tactical/performance measures, e.g.,
DByn - DBy ,xDMho, xDMht, etc

n+l

c. CR and the appropriate related tactical/performance measures, e.g.,
range, track angle, own ship aspect, etc.

d. Quality of Approach (QA) as it summarizes SA, CR, and PCD

Trainee Input Characteristics

Training is provided at the FCC/AO level. This module integrates the
maneuvering considerations of SA, CR, PCD, and QA. The trainee is assumed
to have a knowledge of these measures prior to receiving the training in this
module.
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APPENDIX F
TRAINING £XERCISES/SCENARIOS

The exercises in this appendix are aimed at replacing a segment of the existing
SOAC/PXO training curriculum offered at SUBSCOL, New London. They are designed
for use with the 21A37 (MK 113/10) Submarine Combat Sysiem Trainer. The scenarios
which are included with the exercises provide a minimum number of initial problem
parameters. These parameters address the fundamental tactical encounter variables,
e.g., range, SNR, Co’ DMho, Ct' DMht, etc. It is understood that the 21A37 simulation

model is capable of defining many other initial parameters which enhance the realism of
the simulation, e.g., sea state, layer depth, etc. Those parameters exceed the
simulation requirements for training the selected approach phase objectives addressed
in these modules. It is recommended that the problem controller/instructor assign those
additional parameters in support of the initial parameters defined herein, e.g., sea state
supportive of SNR, layer depth supportive of own ship and target operations depths,
e.g., layer of no consequence.

The 20 training scenarios are also included in this appendix. Scenarios in the
earlier TMA modules are mini-scenarios. That is, the scenario is only as long as
required for the trainee to meet the training objective. The design consideration here
was providing the maximum number of training exposures for a fixed training time. In
this way the trainee (1) is provided operational target and own ship history information
on which to base a maneuver, (2) decides on a maneuver, (3) observes the projected
effect of that maneuver, (4) is provided feedback on performance measures specific to
the exercise/training objectives, and (5) is provided instruction in attaining the
objectives in upcoming/continuing scenarios. This is the entire training exercise
process. The flow is depicted graphically in Figure F-1.

113




NAVTRAEQUIPCEN 77-C-0107-1

g
g
g

OPERAT IONAL

TRAINING
(TERMINATE

MEASURES/
TACTICAL

REINITIALIZE

CONTINUE

TAT OPERATIONAL

DISPLAY PROGRAM

ALTERNATIVE LOS

FEEDBACK DISPLAY

OPERATIOMAL
SCENARIO

CONT INUE

3 GRAPH DISPLAY

ALTERMATIVE

TACTICS PROGRAM

RESTART

FEEDBACK/INSTRUCTION

114

OPERAT IONAL

Figure F-1. Typical Exercise Flow




NAVTRAEQUIPCEN 77-C-0107-1

Ae1dst
Teuot3jexad

soT3oey,

*OTIRUIOS
3Yy3 ut 370X STy pueisispun

Z-S 3anbt

1-1L ‘uoT3iNIosS jo Adeanooe
S0ua1ajag uo aAey 63T UO SWI3 pue SPIq
Aetdstp e373p S303332 3y3z A3T3IUaPI

sat3trrqeqoid ixoxxg Agq
¥Ns

8-S 2Inb61 ‘531

I-1L uo sawmr3l a7qe3dsooe, surtw
3douaxajex| -1939p 3Jeyl sa[geriea ay3 3jo
Aetdsto SUOT30BId3UT 3Y3 puelsispun

5%

* (w1l WOTqoxd pue Ag ‘¥NS
‘Agq ‘°6°9) se9IqeTIeA 2SOY3 3JO
(Aetdstp TeUOTIRI®dO PY3 UO) UOTI
-e00T 3ay3 ajedtpur -H91 uo Swrl
bututmialsp saiqerIea °U3l MOTASY

*o038
‘1 @1eos awr3 wayqoad ‘1 Iaqunu
OTIPUaDS uoT3leIjsSucwap burdjyrdads

(“e3ep
a1qer1a2x ybnous sey ay sT233 3y
Uaym I3ANSURW ® PUSWMWOOIY ‘°3°T)
‘Aetdstp TeUOT3RIadO 3Y3 UO WTY
30 paatnbax aq TITM 3BY3 I0T1ARY
-3q 3ay3z I\|UTRIJ 3Y3l 03 33edTpul

‘yoeqpeaz spraocilg -Aseanooe
uoT3njos uo 637 uo SWI3 pue serq
el18p 3O S309339 3O burpuels
-z9pun jo ztnb [eIO I33STUTWPY
.D5

-Ie3q 2AT3IR[9X S,39b1e3 03 30ads
-31 Yy3m 303dse §/0 pue uor3nios
3o Aoeanooe uUoO sey SeTq B3ITIP
309339 9yl urteldxs/a3exlsucwmag

‘auwres burjealsnilT S3nopuey
Stydeab sjetradoadde spraocig
*dNS pue &gd 10113 arqeqoxd
0131oads ® 103 (SNQIJ JIaqunu xew
/utw) 637 uo sswil soue3jdsdoe,,
30 3buex 3yl burpaebsi ssureI]
ay3 o3 asueptnd sar3jtrsod aprAaocag

‘v

“E

OTIRU3OS
uoTtT3jexjsuowsp
9ZyTeTITUI

- (uoTsTO9p bat

uo awt3 burto
~usniyuT Sa[ge
~TieA 3O uorl
-eue1dxa) orieu
-308 uoT3eI3ls
~uowap butouswm
-WO3 03 I0Tiad

0T-1

ST-1

AYdSIO NOILINNS JINIVYL

NOILINNS ¥OLINYLSNI

IN3A3

NIl

SNOILvVY3QISNOD 937 NO 3WIL T# 3SIOY3IX3 -

YWN1 TVILINI




AR PR it U e A g T A A

NAVTRAEQUIPCEN 77-C-0107-1

a1,
it

.Aeydstp

3
;

*dNS pue £gg ‘°9°T ‘SUOTSTO?P
ba1 uo aswy3 puryeq saiqe

‘wn@yuTW 0JId paxynb
-1 30 uotidadoaad sty UO
peseq IsAnduUPw © PUSWMIOOIY °G

*s93ex ajepdn Leid

-STP Spue3sispup °O39 ‘YNS

‘Ag@ ‘*@°1 ‘UoTSTOIP SOT3

-oe3} 103 peatnbax uor3jewIO]
~UuT 3JO UOT3VDOT spuelsaspun °y

-JIea HUTOUSNTIUT pue3lsIAPUn *9

jutod *Aetdstp Teuor3vaado @sneq

1

“TTEp Bnous sey sauTRI] UaYM
butrasanauem jo sAy3oafqo 9zyseyd
-wo9y °(9Tqe3 T,L-dMN) sotydeab

Inopuey 3y3 Huyouszajea Aq UOTST
-o9p boT uo swy3 ay3 buyousnyjuy
S9IqeTIeA 33edTpur “-Lbuex aTqel,
-dadoe 03 aatr3jeIax souewmzozaad
ssuTRI3 IJeOTPUI  *A3yTyqeqoad
0119 pOIRTOOSSe S3T pue YNS ue
203 souemzojaad atqeadsooe jo

‘pajeIo0sSse ST 10119 IdTqeqoad

YoTYA YItA Agg pue swtl werqoad
‘¥NS 30 senTeA U22Z01J 3 3INO

‘(utm g

utm g) 691 uo paypes3s sawy3l jJO
obuey *(¥NS QP 0 © YITA ‘I0119
4gq @1qeqoxd 1° e 103) sna1ad 3O
JoquUNU wnwrtXew 103 paxynbai awr3
se HuoT se aq paau ATuo OFIRUSDS
* (XT) swy3 oyIRULDS pue (7)
ISqunU 3TTJ OTILUSDS 03 DFJroads
puUemmOD pIROQAd) PTA OTIRUIOS
dn 11D

*(utm z/a3ep
-dn 1) xoex3 3abxe3l pue Aerdsip

uoT3INTos we3IsAs pue ‘ (urm/ajep
-dn 1) Aerdstp Yoex3 S/0 ‘(uTw
/s@3epdn p) ejep AerdsTp XO01q
" NAaId 3o @3ex a3epdn S3eOTPUI ‘L

ebuex ay3 sduFeI3 03 I3IVOTPUT °IT

‘0T

*Z# OTIRUSDS IZTTETITUI °6

*?3jeuTWIa3 pIeOqQiaxN °g

o13souberp
YsTul3 otIeuUsds

OoTIPUD2DS
9zTTeTITUI
oTIRUSOS
uoT3IRIISUCWSP
a3euTMIS]

AVdSIa

NOILONNS 3I3NIWVYL

NOILINN3 YOLINYLSNI

IN3A3

INIL

SNOILVY30ISNOD 937 NO 3WIL T# 3ISIOY¥3IX3 - VWL TVILINI




s B

NAVTRAEQUIPCEN 77-C-0107-1

*watqoad esned
uayl °*Aerdstp TeUOoTIERIadO IVWL

y raansesw u9z013 9yl uo Pduewzoziad (N)SL
TeuoTaIRIad souepmIojiad UO pey iaansuew s,99uTe13 jusseid pue raanauew otreusss
u.ﬁ..avnouh STY 399332 ay3 puwysiapun ‘TI] 3o swrl 3@ 3wrl weygoad pIoddy 9T ysturg
* (63T uo swr3 wWnwTUTW
“¥NS pue £gg uo o3nutw ¢) 0119 AgQ o1qeqoad T°
Aetdstp] P9s®q UOTIEIS O3 BwT3 PzTW ‘¥NS qp G- 3967e3 ‘ATTeTITUI otzeusod
Teuorjezadcy ~TUTE O3 SIaAnauew 3aUTeIL QO "y ISqunu OTIPUIDS 3ZTTeTITUI °GT 9Z1TeT37TUl 0E+L
*uotjels uotriysod yoeoxdde
03 _ 2wr3 susy3zbusl ystya
(abeaaarp) og jo santea iabxer-
03 I3nqTIIUCO bR uUo sawWr3
13do uey3 z93ea1b eyl 303332
*UOT3e3S O3 SWIJ O3 3AT) 9y3 bur3zeazsniTy ATTedTydeib
-ete3 (Aowandoe buiawsq UITa SINOPURY APTAOId -UOTIVIS O3 oTrRUsOS
Jua3sTSuod) sndld butzimt swt3 uo 631 uo JwT3 JO 309333 burzrreTy
-uTt® Jo 3NTeA 3yl puelsa3pupn °e6 ay3 3O uorjeue]dxs SpTAOId *YI| -TUT O3 I0TiAg €2+l
*OTIPU30S IJPUTWIS] °*IWII
Xe1dstp IdANaUPE WNWIUTH SNSISA awWTl3 ¥oeqpaaz
Teuoct3iexado -sa1qe Iaanauew 2I3UTRI] O3 SATIL[3L ot13isoubetp
1YL ua2013 | -1iea BUTTTOIIUCO puelsIapun °g ¥oeqpaaj or3soubeTp SPTACIg °£T [USTUT3 OTIRPUIDS 8T+L
* (WNETUTE SIINUTA S)
d9NS qpPL-~ Y3ITA ‘I01I3 Agq STqe
-qoxd 1° 303 Iaanauey ¢ I3q
Kerdstp - 13Anauen ~Unu OTIPUIDS IZTTPTIITUT PIEOY OTITUIDS
Teuctivrady ®? SPUSmmOO3I IIJUTeIL °L -A3% -aanpadoxd saoqe 3jeaday ZT | €£# 2ZITRPIITUI IT+1
AYdS10 NOILINNS IINIVYL NCOILONNS ¥OLINWLISHI 1L

IN3A3 —

SNOILVY3QISNOD 937 NO 3IWIL T# 3SIJY3IX3 - VWL TVILINI

117




NAVTRAEQUIPCEN 77-C-0107-1

Aetrdstp oN

Aerdstp
Teuotrjexado
IVl uazoaj

Ketdstp
Teuot3zezado

*1# °osTOILXT
8pNIouU0) °‘OTIPUIOS IIPUTWIDL

‘uot3els uotritsod yoeoadde
03 SWI3l UO 309332 IsAnauew
buypniour 3xoeqpes3 or3souberp

butpracad p1 pue €1 3Jeadey

*KAetdstp TeUOT3IRI3dO
3Ie3say -aurinox asned JTx3z

*oTIRUdDS ITbuTs

SNONUT3UOD ® JO 3IX33UOD Y3

UT 31 SUOTILPUDURIODDI ISANSULW
butmoodn 3say3 3ey3 pue sanfea

uotjels o3 swr3 pue Hay uo

2wl IZTWIUTW O3 [TTIS ST 9ATI

-o9(qo ay3 saurexl o3 I3edIpul

*(N)SL 30
antea aautex3 uo 3doedwt pajed
-TPUI (°¥NS O13To2ds-iaanaueu

9Y3 103) SwWT3 I9ANSUPW WNWTUTW
pue Iaanauew O3 SWTI IJUTEI]
usamiaq drysuorieraxr apraoag

‘1z

‘0T

‘61

‘81

LT

OTIPU3DS
9jeuTUId ]

OTIeUDS °sned

oTIRUIDS
szTTeT3ITUTSY

OoTIeUaos asned

0S+L

Sh+1

Ov+lL

SE+L

A%1dS1Ia

NOILONNS 33NIVHL

NOILINNL YOLINYLSNI

IN3A3

INIL

SNOTLYY3QISNOD 937 NO 3IWIL T# 3SIOJ¥Y3IX3 - YWL IVILINI

118

-




OTI'U30S
*OTIRU3DS dIPUTWIDL °P 23eUTHIaL ‘

*Ae1dstp 3oeqpeoay

3IX3 °UOT3ITPPUSUMODSI I2ANaUew
wox3j bur3arnsaix Aga pue

.unzux .on:qx Jo sanTea a3edTpUr
Ketdstp -Ke1dstp Butyojew uu:nx dn burag
m:awuuna. *Iaanauew 193Uz ° T yYHaX sayojew u
Gugx UYoTym IsAnaouew © pusumoday °¢ | asned orIreUadS

Aetdstp *sjutod
spou aaoqe a23eIISNTIT O3 G OTIRUIDS OTIRU30S
sot3oey 3o juswmbes a3nuUTW 9 d3BIAUH °Z @2TTeT3TUI

*saxnpacsoxd butyojewm ug -
*ajewr3sa paads
39baey pue .onzax umouy 103
‘SO1 03 2AT3eTSX 93RI/3IITIP
butrazesq jo uorjelazdasjul °p
*Koeanooe
buraesq pue UOTIPWTISD
sbuex utr satox Agg pue ¥NS °°
*Kerdstp
Teuot3jezado 3yl UO SIIID
-wexed 3soy3z JO UOTILOOT 3YL °q
*3ue3zodut
3sow ATTeoT3oR3 a3 YOTYM
sa9jawesred a9yl JO UOTSSNOSIg °®

119

NAVTRAEQUIPCEN 77-C-0107~1

uotjeuedx

*ba] asanduew :9pNIOUI -uoTIRUTWIS] /uot3ieal

38113 uo paiayjeb aq ued -9p Wyg butpaebax ssuteil ay3lz -uowsp butou
uUOT3IPWIOIUT JBUm puelsaspun I 03 adueptnb aar3tsod apPTAOId T -Wwod 03 IUTX SI-1L

—— - — .(gv'cl ———

AY1dS1Q NOILINNS 33NIvyL NOILONNS ¥OLINYLSNI IN3A3 INIL

—_—— e ———

-— - e e e .

ONIHILYW JUWOX - YWl TVILINI 22 3SIJ¥3X3

S e L R AR ST R SR T MG T S S e B S AN RN e e

sl




NAVTRAEQUIPCEN 77-C-0107-1

KAetdstp ON

Aetdstp
butyojew
fa

Aerdstp
TeuoT3
-exadQ

*Ax39w09b z33UNOD

-ua d137109ds ay3z ao3 Agg uo
@aey butpesraspun I0 burpeat
aA0 309332 3Jeym sajels A1Teq
-I9A 3dutex] °*Adg ox9z bur

-onpoad ‘ fyax yolew prrom

I9AnaUuew Jjeym puelsiapuq ‘¢

.un:nx

3O uoTr3jewyls?® STY yojew o3

paoads pue 38INOO ® PUSUMLODIY

*(3312p pue ‘Agg ‘Ag ‘°*2°T1)

sanTea Wdd ‘ATreqiaa ‘surjieq
*Aetdstp Teuotrieaado aaxdsqo

*oTIRPUaDS umoys 3sn(
3O uoTIPNUIIUOD ® jJou ST Av1dsTp
Teuot3jexado butwoodn sa3UoTPUI

*Ae1dsTp oeqpeaj ajeuTWIIL

*UOT3edT3

-Tpow Isansuew bHuryojzew paxtnb
-31 jJOo apnjtubeuw pue UOTIOAIATP
93BOTPUI °IBUTEIJ YITM ISAnauew
I03 aTeUOTIRX mmﬂwmwa "sg1 03
aat3jera1 A9@ pu® ‘T yYWaX ‘ uwax
3o senyea pa3osfoad ay3z urerdxz

* UOTIRPUSUMIODDX
poads ‘ssanod aauteal I9jul
*Aerdstp bHutyojzeuw un:nx 309T9S
*S)YO0Td UOTINTOS wa3lsis pue
naia ‘s/0 sasjawexed TedT3oe]
uazZ0o13j Uuo Jusummo) °uazoxjy Aetd
-STp Teuorjexadp “werqoad asned

*UOTIPPUSUAIODSI IDANSUPW SdUTeIF
930N °A103STY }oBI3 JO SajnuIW
9 33eIBUIY °Qf STTJF OTARUSDS
A3109ds *oTaRU3DS BZTTETITUI

‘6

‘8

=9

b

OoTIRU3D
@jeuTWLId

(
-paa3 9pTA

osned oraeuads

Aetdstp
Teuot3jexado
9ZTTeT3TUI

ST+L

120

9+1L

O+

AV1dSIa

NOILINNG 33INIVYL

HOTLONNS ¥OLINYLSNI

IN3A3

JWIL

ONIHOLYW *UWOX - VWL TYILINI 2# 3SIJ¥3X3

Zane




-
)
~
o
-4
o
]
o
.h —
~ -
= *Z# °STOIVXD oTIRU3D
ﬂ 9pnIouc) “°OTIPUIDS |JRUTWID], °ET ajeuTwISI} O0f + I
a
— Ketdstp
=
o m:ﬁTu!=
M qugx £# Jeadoy g § L4 oTaeusads ‘x03 yoeqpa’zy bur
nn.. -ptaoad 94 ybnoayl ¢4 eadsy °Z1 asned o..ﬂn:ook
>
mm *UOTIPPUUMOCDdI d3UTeI3 930N °IT
Aetdstp
TeuoTl *A133w09b I93UNOOUS JUBIBIITP otaeuaos]
-exado Z# 3eaday ¢ ® 103 ([# OTIRUSDS IZTTeTITUI °OT aztteTatull ST + 1
(*butryelzxaao pue ‘burssoid
‘puriodu jo satiobajzed
SO1 butjussaxdax ‘°a°T)
AY1dSIa NOILONNI 3INIVyL e NOILONN ¥OLONYLSNI IN3A3 L
SR ponpe: 3 L -lnllbrllllx

ONIHILYW *uWX - YWl TVILINI 2# 3SIJ¥3X3

e O " . e e : . N— —




NAVTRAEQUIPCEN 77-C-0107-1

*aouwmrojziad STy aaocadwy
03 pairnbaz suotjedTjTpPom
Iotaeysq 3ay3 pue Iduswrozaad
STY JO sainseaw Y3 spuels
-I9pUf] °UOTIOIIIPIIIUNCO pue
‘adess? 33biel ‘UOTISTITOC
noqe uocljemaojzuy o3 33oadsax
I  ‘sadansueu Hurbuex Huio
-uanijuy sa’jswezed TedT3O0RL3
spue3lsiapun °abuea 3sbael
3I9Oe1q 03 ITqeITRAR UOT3I
-do z3anauew ay3 spue3lsaspun 1

1q02d ‘Ag ‘Agd ‘¥Ns ‘-?°1) uor3
-PuTWIa3ap abuexr o3 pre o3 Aerd
STp Teuorjexado ay3 uo afqerreae

ﬁ  (9DUEBI UOTINTOS WIISAS W3

‘uorsTI

-T100 ut 3Tnsax Aew 3abxey Agq
ybty ‘d4NS ybTy ® 103 MOq s3ab1e3
a3 ssoxoe bHurasanauew ‘-H°2
‘(saoqe T4 uot3iouny I030NIISUT
Ul paqIiIossp SUOTIRN3TS

4ga “¥Ns uo peseq) sisansuem
but3ayoeaq abuexr pue UOTSTTTOO
TeT3uajod SuyjealsnITY ‘SO7
Ae1dstp TeUOT3RzadOo ULZOXZ BY3

‘OTaeuads 9yl asned
pue ’(ardwexs 103) sajnuTw
9 2103 33exausb otaeuads Iyl

-Kkgq dotaaap

o3 38bae3 Agq ybty © burbbeT
Aq (@deosa 33bae3) Hutieaq ani3y
utT SsSOT ®© 3e91b 003 Hur¥sSTI 10
f(A9a YbTY ‘¥NS mOT) uoT3
-o939paa3uncd ¢ ((Agg ybTy ’‘¥NS
U6TY) 396103 28010 ® HUTPEaTILA0
Aq uotsTITOO ‘°@°T) AjuTrejascoun
sbuez jo suorjedsTTdwr TeSTION]
9y3 ajedtpur °3deduod Ajute;
ﬁ»oug @buex Huturaouod PduTEII

ST jey3l UOTIPWIOJUT PY3J 23eOTPUl ~

butouaizazaax ‘szsansuem aqriosag °

R¥1 "84 9113 OTIPUSOS SZTTeTITUI °

3 03 aosueptnb aar3rsod aprTAOag °

oTaRUa0s
uoT3IeIISUCWIP
oZTreT3TUI

uor3euerd
-X3/UoT3ReI3s
~uowap t§ ISTO
-19%9® butouew
-wod 03 z0Tad

122

ST-1

AYdSId

NOILINNS 33NIVYL

NOILONNS YOLINYULSNI

ALNIVLIY3INN 3ONVY - VWL IVILINI €# 3SIJ43X3

ok

IN3A3

INIL




* (suor3jeor1dur TeoT3OoR)
pue 4gd ‘¥NS) uoTIPWIOIUT
aIqeITeA® UO paseq Iaanauew [e13
-TuTr unwildo aYy3 puSUMODdI O3 ST
9y 3jey3l s2uteal 9yl o3 93edTpur 5
HpamaTASI suot3zen3Ts buriesq ani3

3JO SSOT pue ‘U0T30333pPI23UNOD

‘paeoqe 9SOTO 103 sond Aga

3 YNS) SaaAnauew PeITISA0 pue

betr bututwasjzap ut sderd Ajure;
-120un abuex 3[OX BY3 93eOTPUI °L

* (ebuwy ‘uns ‘Aea 4 Aeav7|

‘¥°S 30 seniea jutrod pua pa3
-d9foad buyjussazdaz) pelerdstp
®q 03 g pue ‘p ‘g ‘Z ‘T smod
‘039 '| T+ ULgq - Yigg| ‘(3°sqns e
s1 Adoeanooe uotrjeziTeoo] abuex)
Aoexnooe uor3anyos jo sanyea
uuniod O3} SIaAnauew 3saYy3l 93eTy
(ededos@ ‘uorsSTITIOO ‘°*H°d) suorl
-2I3PTSUOD TeoTioel Ajurelaadun

123

NAVTRAEQUIPCEN 77-C-0107-1

Ketdst? abuex Hbuyztubooax STTYm abuex

SO 2A13 3I9doeaq YoTymM (Jue3lsuod pTaYy Xoeqpasd

-PUIal v paads) asanod ur ‘isanauew I93ud °9 o13soubetd 0T-1
*SO1 ay3

ssoxoe sind s/0 poads yonu moy
03 pajeiaa st bur3zsyoeaq sbuex
3o Aoeanooe ay3j 3jeyl a3edTpul
‘UOT3BUTWIS}3P (PEeaTISAO0 IO
fe1) sbuex wnwrIXew IO WNWTUTW
I03 sburaesaq passoid apraoad
ITIM 3RY] sIaAnauew 3yl MITASY °G

AYdSIa MOILONNS 33NIWYL NOILINNS ¥OLINYLSNI Li3A3 ER) ot

e S et

——— —a e e+ —

ALNIVIY3IONN 3ONVY - YWl TYILINI €= 3SIJ¥3X3




NAVTRAEQUIPCEN 77-C-0107-1

FOw»nv:Qaiousu IaAnauew S33uTeI

paooady -a3eaausb L1038ty }oeil oTIRUIDS
T# Ivaedey ¢ 32T °OT# OTAPUdDS BZTTETITUI “PT 9ZTTeT3TUI LT4L
*SIIMSVIMW JOUTWIOJ
-19d pue Tec730®3 IVl - 93etad
-01dde ®e) aaes ejep 23eT3TUI ‘¢T
Adoo pxey
*UOTIePUINMWODDI oTIPUaDS
JaAnaduew O3 SATIP[I1 YOeqpaaj ajpuTWIa]
aoueumxojzaad burptacad ; pue yoeqpaag
-paatnb 9# suor3dunjy zo03ona3sut jeaday 71 o«unocmdwo ST4d
Aetdstp =31 ST UOT3VDTITPOW I0TARY3]
30 IspnjTubew puP UOTIOIATP * (sx9anaurm Te303
L sbing 3 Ieym pue saa13o03(qo j9swm o3 03 dn) sisAnauew aAT3IPUISITER pue
o p2atnbai azv sisanautwm TeT3T IaAndUew IduTer]l Hburisjus g§ pue
pacoae.. - ~UT JIPUYM SpURISISPUN dIUTRI] b# suor3ouny 1035n13suT jeaday 1T | @9sned otrxeusss | 01-9 + 1
Ax33wo9b ‘pepusu
SOT 3ITY ~WOO3X IANDURW JDUTEIJ SIJON °0T
* *asanauva bel e woxj buraveq
abuex uty nmcaunwuawwuwnwu SHI3 WS SSOL IIeah NG ASERND
-o® uor3ntos I93eaib sspraocad
3o @101 3yl puelsaspun 1. 6 ol
bur3janoeiq sbuex uy Agg pue Pigx 13UDTH) S W, B S
¥NS 3O 3701 3y3 3o butpues -100 3o 3sT1 BulzTWruTw BTTYM
-I3pUn ue S3eIISUCWS] (otaeUusds ® 03 O131o9ds) wnmy
-A3utey ~XPW I0 wn@WTuTW I3Yy3Ta Ajure3lxsd
Kerds3p -190un abuer JOo SUOTIESTId -un asbuel aAT70SaI 03 Iaanauew
Teuot3 | -WT TeST3ION3 3Yy3 jo Hurpuele owuﬂ..wouowwmamwoﬂuum»hw“wm
s o it s 01-9 Wox1J ajeiauab orieusds OTIRUIDS
TIm 39T °6# OTIPUIOS BZITPTITUI °6 9ZTTRPT3ITUI 0-L
J3utell 3yl ‘(I2anauew TeT3
-Tut) paads Burturejutew pue *Ae1dstp Teuor3iezado ajeutwial OTIeUIDS
Aetdstp oN 9s1noo ® butpusumwossx Ag ‘1 *Aerdstp )oeqpas3i ajeutmial °g 23vuTUMIa],
AYdS1a HOILINNG 33NIVHL NOILINNA ¥OLINULSNI IN3IAT JNIL
4 - il e

—

ALNIVLIY3INN 3ONVY - VWL TVILINI €# 3SIJ¥3%3

12%




NAVTRAEQUIPCEN 77-C-0107-1

*g$ 98TOI9%d IPNTD oTIRUIOS
~UuoD) °O1# OTIPU3O8S IjeuTWMIdL LT 23euUTWISL ZE+d
*sSaInseaw JoUPWIOJ
-1ad pue TesT30P3 IVl - (93erad
Ae1dstp ON -oidde se) sAes e3ep 93RTITUI 9T Adoo pzeH Ze+L
*jyoeqpa9l
sourwrozrad 2pTACIE “sSIANBUPW
Let1dstp aATIRUIIITE pPUR IaAnadUPH (z+ 1
Az39mcot @sutexl butasjus ; ybnoiyi ssned o3
so1 °31¥ Z# 3eadayg 'y | p# suor3loun3y I03o0N13suUT Jeadsy ‘ST otzeudds | ¢ + 1
AY4SIQ NOILONNS JINIVEL NOILLONNS ¥YOLIONYLSHI ﬁ« IN3IA3 3WIL

ALNIYLIY3INN 39NVY¥ - VWL TVILINI €# 3S10¥3X3

I e I . B T g 5 35 BT 5 N SR ORI 53 s o RS M VSO A . e WA

e =




NAVTRAEQUIPCEN 77-C-0107-1

Aetrdstp
SOT 31V

Aetdstp
Teuot3jeaado
spow sSO5T30®]

*UOTIBWIOIUT pue SUOTI
-exado Aetdstp pue3saspun
*saAT309lqo 3sToI9XD

pu®R OTIPU3DS pue3lSIAPU(

03 3ar3eIax Adoeanuoe uor3ynyos
3O saniea ayj urerdxs pue
((63V) SaaTjeuzalTe om3 pue
Isanaueu pazaajzaad e burjuss
~21d91 S9ATIPUIS3TE® I2AndUBW)
3S2I93UT JO SOATIPUIIITE
OTajawosb 3yl 3I19suT pue 3OIT3S

* (pederd

-STP ®q 03 ¢ pue ‘z ‘T smoIx)
Kerdstp S@ATjPUIB]TR dY3 UO
(pe33T9p) paderdstp aq 03 e3ep
3O smox 3yl 309T9S * (I0399A
A31susjur z9ybry ‘HuTyser3 e se
paderdsTp 9q 03) UOTIEPUSUIODID X
IaAnauew s,99UTRI], Y} I93uUF

*Ketdstp yoeq
-pa3a1 SO SATITUIBJTE JODIDS

*sotaeuads bur

-utex3 putwoodn ayz ur uoT3zEI
-u9saxd Ha1 Ax03sTY Yyoes z933°
paatnbax aq 11TM uorjepusw
-woo91 buridAnsuew ® 33BOTPUI
‘ejep NQId IUSLD81 3Isouw pue
‘S/0 ‘*10s wa3lsAs 103 sanyea
paierdsTp 3sejel ay3 sauteil
9yl 03 33LOTPUT PuUR OTIPUIDS
ay3 ssned ba1 Ax03sTY Y3z UO
3097702 03 sNdId 3JO (s@3nutu 9
A193euwtxoxdde; zaqumu wnuTuTw
e HBurtmoll®e 1933y “°ITeds

2WT3 pue T OTieuads A3toads

p# 9STIOIIXKS
OTaeUuads
ButziTeT3TUT
03 10Tag

ST-L

AVdSIQ

NOILINN] 33INIVAL

NOILINNI ¥OLINYLSNI

IN3A3

JWIL

AJ¥dNJIvY NOILNTOS

SYIANINVW VWL b# 3SID¥3X3

126

ok




*KAoeanooe uot3l

-nyos 3Jo 39sqns e sT (A3jurely
-I90un abuex) Aoeanooe abuex
ajeoTpul -AdoeInooe uor3nios
ay3 xa3ea21b ay3 ‘eseq arbue
~TI3 UOT3IeAIISqO dY3 I3baer
aylL -Afrexauab ‘Aoeanooe uor3l

-N{os pue _~+:>mo - :hmo— usoml
-2q drysuot3erax ay3 urerdxz 9

(*@sanoo a3ex

butraesq oxez burnurjuod

e ST @ased 3saop) -beot

Jaanauew snotasad se paads

pue 3SINOO SWES UO INUTIUOD
*9AT3IPUIDITR °Y°S ISAMOT O

*30ad

-se 5/0 506 03 dn gov 396

-1e3 (soaabep ur) ueyj ssay

A13ybt1s 308dse s/0 °SO1

b1 a9anauem snotaaad 3o

o

apts @31soddo ywdx ybTH

*9AT3PUIDITE °VY°S 3ISIAYBTH -°q

127

UOoT 3 epusw
-WOD91 ISANdUBW S,ddUTRI] °‘©
sumuw
-Tutw ® se ‘juasaadsx pTnoys
po309T9S SUWNTO) *SUUMTOD
aaTjeuUIalTe P 03 dn 309[3S G

MAVTRAEOUIPCEN 77-C-0107-1

*Agg jutod pus
10309A I3Anduew paijzdalfoad pue
‘Agag a1 A103sSTY 3U8DDX 3ISCUW

AY1dSIa NGILINNS IINIVYL NOILINN3 ¥OLINYLSNI IN3A3 JWIL

AJvdNIIY NOILNT0S - SYIANINVW VWL = 3SIJY3X32

R LR T e —




*I9ANSURN P SPUSUIOOSI 93UTeL]
TT3un ajea’auabd o3z warqgoad
MOTTY °9TedS swT3 OTIRUIDS JO

Ketds1p - I9ANSURU sauTex] WAOJUI °OTEOS SWTI3 OTIPUSDS i
Teuotjexado © SPUSUMIOD®I I|UTeRL °Z pue zi# O©II3 otaeuads Lyroads .04 9ZTTeT3TUI 0.4 3 ]
*sketdstp 3oeqpeaj/Teuorie
KetdsTtp ON -712do UOT3RIISUCWSP SJPUTWIDL °6
J ~wexb

-oxd buturtex3 STY3l UT paoueape
90U SISTOASVXD UT S9AT3OS(
-qo yoeoxdde ut papniout aq
TITM A9y3 ‘ISASMOH °SOTIRUSOS
fututeay asay3z ur passaippe
Jou axe ‘°039 ‘uorioelzsp
-I93unod jyo L3rrrqeqoad ‘s3ex
butsoTo 3O sSuoT3IRISPTISUOD Ted
-T30®3 BUT3OTTIUOD SY3 eyl UuTr
«PTIOM Teax, 30U ST @AT3IDalqO
butasanauew ay3 jeyy urerdxzy g

128

sjurtex3suod paads ou -2
(Tqrssod pea1asA0
ou) psurexjsuoo paads °T
bat Axo3sty ber -°q
bat Axzo3zsty pesr ‘e
:sa1I0693@0 OTIRUSDS HBUTMOTTOF

MAVTRAEQUIPCEN 77-C-0107-1

ay3 uOu_ H+c>mn - oxma_ azZTuw
~TXew ‘-3°T ‘oraeuadds butwoodn

9y3z x03 aat3oalqo butasansuewm

SYy3 ‘sauteal ayz o3 IILITPUI L

AVdS1Q NOILIONNd 33INIVYL NOILINNS ¥YOLINYLSNI IN3A3 JWIL

AJYYNJIIY NOILNTOS - SUIANINVW VWL :. 3SIJ¥3X3




Aetdstp

 (AtTeotydezb paderdstp

2q ued pue (Aoeanooe ucI3INIoS
03 23nqrajuocd Aay3 se) paiord
-X2 3q Aem sdiysuor3eraiiay
-utr Butmoiro3 3y3 ‘°1dwexs
104 -Aoeinooe uoT3nios pue
(sza3awezed TeDOT30P3 pPo3PIOOSSE
pue) sisAnauew usam3aq dTys
~uotjelax a3edTpur -Aerdstp

4o udeib-¢ ¥oeqpas3 ydeib-¢ 3y3 3senbsy 1 ST - 1
'
pis pepniout
= ®q pTnoys 3ybTS jo 3UTT 3yl
® 3JO 3PpTS yoes wWOIJ (3A0qge 3yl
1 3O 3uUO 30U JT) SIOITBA ‘ATTE
g ~UOT3TPPY °SI0303A IaAnaued
s3uTell PU® °Y°S WNWIUTW
- pue wmnmtxew jusssidal prnoys
o (SUWNYTo0) SUOT3D3TaS SATIRUIIT
— -1¥ -paderdstp 29 03 sSumnjyod
—4 pue (¢ ‘z ‘1) sSmox 309T3S
M -I2AnPURPW JDBUTeIL I23ud g1
e
-3 rAoeInosoe UOTINTOS UC 30USBNT3
M -uT S3T pu® (SOT P33T
-oss® pue) Agg 5371 saning *(-s93nuTw QO
jutod pus spuelsiapufn ST S3ATIPUISITE I0J 3WT3
-Aoe1noo® UOT3INTOS WNWIXEw uot3oalozd) Aerdstp SOT 2A13
Aetdstp aonpoiad 1T sSisAnsuew -euIsjTe ay3 3d91as -Aerdstp T + 2
SO1 3TV 3JPUM Spue3lsSISpUn SIUTEIL Teuot3erado ay3 ajeuTmIdL 2T o3
9+1
: *UOT3IPPUSMMIO D3I Ats3eum
J IsAndUBR IIUTRIL PIOOI¥ T | 9sned orzeusss f-rxoaddy
m Avidsia NOILINN3 33NIVal NOILINNI ¥OLINYLSNI 1N3A3 3411
M AJY¥N3JY HOILNTOS - SYIANINYK VWL v# ISID¥3IX3
[ 4 -

129




NAVTRAEQUIPCEN 77-C-0107-1

Ketrdstp
TeuoT3RY *v# 3eadoy
Ae1dsy
Sutyde

KAetas
SOT "3 €4 Ivaday

Aetrdstp *I9ANd

Teuorjezadp] -uew ® SpuUSUWODIX SIUTRILL

‘ST# 3eaday

*H3T F9ANSUBN OTIRUSDS
STy 203 PT % €T ‘ZT# 3eaday

*UOTIELPUSUMIOODIX ISANSURW PIOOIY
*3urod UOTIPPUSMIODDI ISAnNSUELH
Jaurez] Ixau 03 23eI’3U3b

03 Aerdstp Teuorjiezado MOTTV
‘Aerdstp {euor3zeaado 3ZTTETITUT
-31 pue Aeydstp yoeqpssj pul

" STXR~X
ay3 3q ITTm 2wyl wayqoad pue
stxe~-A 9yl 2 TITM I93awmexed

ay3 ‘Arrexauas :zloN -ydesb
suwes 243 uo pasodurzradns aq

03 OsSTe 3Ie 3 pue @ sSIjaweIeq

Xy -~ osbuex
3a2bxe3 uor3nios wazsds -3
Y4 ~ obuex 3=bre; °I
* (ydexb
ames ay3 uo pasodutrxadns aq
pInNoOYs s,qI om3 I233°T 3YL)
3}30-9sanoo 33bxe]
UOTINTOS WIISAS °p
30-98an0> 39baey °O
3oadse s/0 °q
oﬁnx ‘e
I33aweIed

LT

-2

*ST

sz11eT3TUTRN|

osned orIeuads

az1TeTITUTSY

ov + 1

0t + &
A1ejem
~Ix0addqy

0z + &

AV1dSIa NOILINAS 33NIVHL

NOILONNS ¥OLINYLISNI

nlL

IN3A3

AJVYNIIV NOILNIOS - SYIANINVW VWL v# 3SIIY3IX3

o
-
-




m_
m

e

*9STDI3Xd IpNIdoU0) °ZZ oL+ 41

‘paatsap
3T saansesw aduewrojxad
@aurtex3 3o Adoo paey 3senbay ‘1z

‘aT1qeute3qo
I9buoT ou ST 3ATIOA[qO uUlaYm 10

2aT399(qo otxeusos 3y3z paystid

NAVTRAEQUIPCEN 77-C-0107-1

W Aetdstp -Wodo® Sey 3y SIa3e3IS SIUTRIL oTIRUdDS
i SOT “3T¥ usym pT 3 €T ‘CT# 3eeday  °07 |s3jruTWIdL S9 + 1
m Aetdstp otraeuass
w Teuot3eaado ‘p# Ieaday  °g ‘ST# 3eaday ‘61 SZTTeTIITUTaI | 09 + 1
i Aerdstp
{ putudezs
| 05 + 1
! Ketdsto Are3em
W SOT *31Y ‘e# 3eadey “PT % €1 ‘C1# 3eaday g1 | 9sned oraeusos f-rxoaddy

Av14SIa NOILINNS 33NIVYL NOILINNS YOLINYLSNI 1N3A3 JAIL

AJVY¥NJIY NOILNTO0S - SYIANINVW VWL v# 3ISIJY¥3IX3
j . * |
- * . e

e s Ty P oM 2 T T i Y S o T T P S A Y SR . - N s T o .



NAVTRAEQUIPCEN 77-C-0107-1

Aetdstp

ob«uuuuowwu

Aerdstp
Teuot3eaado
spou s5T3dRL

*s3utod ejep

ybnoua sey ay uaym Ia3ana
-uew ?a3ey HuysSO[D wnurxXew ©
pusmmod3l1 o3 ST 3y spuels
-I9pun aautexr ° AOnzn.S
dD)93vd HuTSOTD pue‘( UWAX)
(§0) ®3eg BuTsoTD ‘3885330
yoeoaddy teuotrjeaado jo
s3da0ouoD 3yl spuelsiapun

U

ou sonpoid TTIM 3ng (Uor3e3s
03 swy3 SS3T pue SO UT a3ex

butsoro 19ybTY ‘OSTVY) °3IYbTS
3o 3uty ay3 ut spaads ISYbTY
ut 3Tnsax pue spaads 5/0 I9YDBTY

aatnbax (payolew Iugax) 06
uey3 ssa] 3o safbue jyoea3 eyl
93eO0TPUl °“UOTIST[IOD ® I03 ¥d
03 OT3sSTTea@2IUn ST 3T 93EDIPUI

* (butrso1o x8buoy ou ST 006 uewnd
F93e21b ‘°3°1) ‘3urod 3ar3zoalqgo
yoeoadde ay3 o3 aarjzerax arbue
¥oe13 06 PA ®©_03 stenba 10

uey3l SSI] ISIMNOD u&.ax payojewm

Aue 103 %007 A1°3ewrxoadde ajed
~TPUr TITM WIMTOD SATIRUIS]TE
ay3 ut mwmu bursoio 103 onyea

ayl ° WWax sayojem AT9sord
3SOu YOTYM ISANSURW © PUSURIOIIY

-Kerdstp

¥oeqpes3 SO SATIRUIa3TR Y3
30979 °OTIeUaDS Y3 Isned

*3091102

03 sNdId 3O IS2qUNU UNWIUTW
B MOTIY °9Te0s awrl pue ¢4
otaeuass A3yroads “-souejzzodut

JO seanseawm 3douemxojxad pue
1e5T30e3 |Y3 I3LOTPUI “dInseau
2ouwemzojaad 231 BUTSOID 3y3 3o
uot3jexado burpiebax sautery ayjz
03 aouepTndb aar3rsod aprA0iagd

i 4

€

oTIRUIDS
BUTZTTETITUT
03 I0TiIg

o - &

AVdSIQ

NOILINNd 33NIVAL

NOILINNd ¥OLINYLSNI

AN3A3

3MIL

1YY 9NISOTI - SYIANINVW VWL SG# 3ISIIY3IX3

132




NAVTRAEQUIPCEN 77-C-0107-1

Aetdstp
Teuor3exado

*I9A

-nauew 3ey3 103 onza> pa3ed
-TIO0T3UP puUe UOTILPUSUWODDI
IaAnauew STY 103 93ex burt
-s0T> pajedrorjue burouaiaz
-21 ‘I8Ansuew I03J ITeUOTIEX
1eqiaa sapraoad pue 19A
-NauPW B SPUSUMIODdI dJUTEI]

*C

*Axr3swo9b pearzepun

ST 691 TeT3TUI “I9Anaueuw
23UuTPI3] pPIOOSY - IBANSUBM ©
SpUSUWAIOD3I dIUTEI] [TUN 3313
-usb 03 waiqoad MOTIY °oTeds
SuT3y pue pI# STT3 OTIBUSDS
A3toeds ‘otraeusds azrTeTIITUI

‘peads s/0
burbueys 3noy3TM 33ex HUTrSOTO
Pzturxew 03 ST OTIRU3DS Hutwoodn
3y3 ut °aT323(qo 3y3 ajedTpUl

-unutido ueyy ssa1 axe L3y

Aym uterdxa pue UOT3IDIT3S yoea

Y3Tm pojeroOosse a3ex bursord

3O ssniea 3yj I3eDTPUI
(300Yysaaao)

Teutrbrio ueyy poads aIoW °q
(300Yys19apun) UOTICPUMMOIII

Teutbtio ueyy paads sso7 °®

:but

-3uasaidax SUOT3O3TSS mau ut A9y

‘uoTjepusumEodax buryojew un:nx
snotaaad ayjz se asanod awes a3yl
I03 @231 HBUTSOTD JO anTea ay3l
UT UuOoT3OoNPax ¥yl a3ealsuowad

*3sInoo uszax payojew 13Y30
Aue ueys (saAoQe paurjyap se)
fmuv 23ex BbursoIo Jo anytea IaybTy

9

g -

OMchmunk
9ZTTeT3TUT

5L - &

AY1dSIa

NOILJINNJ 3I3NIVHEL

NOILINNS ¥OLINYLSNI

IN3A3

3AlL

3lvy 9NISOTD

= SYJIANINYW VWL G# 3SIJ¥3X3

133




*OTIRU3DS UOTIRIISUCWIP owu!._ou{
Ketdstp ozg 9pNIoU0) °OTIPUIDS IIPUTWID], .NL a3ruTWIdY F A 4

*SI2ANSUBW SATIRUIIITE
oM3 pue S,92UTeI] 3yl I2AND
-uew paixxajzaad ayl 103 °*Y°D pue

058 ‘309dse §/0 30 saojswexed

TedT30e3 ueamyaq drysuorierax

Le1dstp OTI38wWouob T3 “a3eI3SUCWDq ? _
ydeab-¢ *KAetdstp ydeab-g¢ 3seonbey 17| _,_
|

*uoTy

-O91TP 10118 S,99duTeI] 3yl 03
331soddo 10113 3O UOT}OAITP 3Y3Z
‘Jo0ysIpUn I0 JOOYSISAO IDYITD
2q pINOYs sSiaANdUEBW JYJ JO 3UQ
*SIdANIUTW IATIPUIIFTE I9Y3IO
om3 03 dn pue paxaazaad e

I0J pue IaAna2ueW S,ddUTeI} I3yl
203°UYHak jo anTea ay3 pue ajex
buTsoTo jJo anTeA ay3 23eOTPUI .Oi

134

* (umoys aq 03 Oynak

pue 3O ATuo) pe3a[ep 29 03 SMOX
K31oads -10309A bButysers e

st paderdstp ST UOT3IPpPUSUWODDI
aauTeI3 JYl -UOTIPPUSWMODIII
IaAnduUB S,29UTRI} Y3 IIIUT 6

NAVTRAEQUIPCEN 77-C-0107-1

*Kerdstp Yoeqpoa3
Aetdstp SO’1T 2ATIRUIDITE® Y3 3IOITIS
ozuocuwuaﬂ -Aetdstp Teuor3zeaado ay3 Isned -g| osned oraeusdsy O - &

AVdSI0 NOILINNS 33INIVYL NOILONNI ¥OLINYLSNI IN3A3 3WIL

JLIVY 9NISOTI - SYIANINVK VWL G# 3ISIOY¥3X3




NAVTRAEQUIPCEN 77-C-0107-1

Aetdstp

*a113 A10385TY 95IN0D

Aetdst /uea3/aauTeI] 103 pases aq 03
Butydex 23ep Adoo paed -zi# 3eedsd 07 23euTHIASL] OV + 1
Aetdstp *jyoeqpaa3j a3eradoadde burpra
@ATIPUIS] -oad ‘11 pue Q1 ‘6 ‘s# 3eaday 67| @sned oraeuldsS| 0 + I
‘OT# 21713
otIeuads ° (sT# deoas ‘Aajswmoab
>3&ni fe 3o @31s0oddo) -Ai3swoab o1 TRUaDS
Teuot3exado) beT SO TeT3ITUT 103 (4 3Ieadad -gT 9ZTTeTITUI} 0 + 1
‘ejep @ouemzojiad pue oTIRUSDS
Aerdst Teot3oe3 (4doo paey) proosy /T 23euTwIdL) 07 + &
putydeas
“)qoeq
Ketrdstip s07 -paa3 @a3eradoadde ay3 burpra
SAT3IRUIIITY -oxd ‘11 pue O ‘6 ‘g4 Ieaday -971 | @sned orxeuads| O + &
Aetdstp ‘GI# o113 orxeuads -Aixjswoab OTIPU3DS
Teuor3eaado bel SOT TeT3ITUT 103 .4 3eaday g1 8zrTeTI3TUI 0+4d1
*s30uy pZ
sT paads S/0 SIARTIEAR Moty
-xey *(4DI‘payo3ew uugx 3uS1s
30 aury ¥yl ur a3ex bursoro
‘Xew ‘“®°T ‘KSl) uor3je3ls o3
2WT3 IZTWIUTW O3 IdANdUBW ©
puUsumIOd?d1 03 ST 3aT3o3[qgo burzr1eIl
8sTo19%® @Yyl eyl urerdx3m “pI -TUT 03 I0Tig - 4
AV1dsia NOILINN3 33NIVYL NOILINNS YOLINYULSNI IN3A3 371
31vY ONISOTD - SYIANINYW VWL G#= 3SID¥3X3
o’

135




NAVTRAEQUIPCEN 77-C-0107-1

Aerdstp
Teuctieiado
Ipow s0T30%]

*p2atnbaix st

UOT3PpUBUWMIOD31 HulIsAnsuew
® 3Pyl sSpue3sispun -uorjew
-103uT pue suoriexado ALeid
-SIp spue3sispun “saat3oal
-QO 3STOIB3XD pue OTIPUIDS
SpuP3SISpuUn 3BUTRI]

‘3591102 03 SnNQdI4 3O I2qunu umum
-TUTW ® BUTMOITe I333J¥Y °9Teds
SUT] pue  T§ orIeuads KA3jroadg

‘yoeqpasy paldersp ‘°a°71
‘aat1309(qo yoeoadde 3yjz paurel
-qo sey 3y uaym AJuo sdUPWIOT
-13d STy jo pesrteidde aq TTIA
@9uTeIl 3ay3z (god 9Sea103p YOTYM
SUOTIPPUSWWOD21 IPANSURPW IBUTRII
30 uotjeaissqo Aq paulzep
Iaqunu 30PX3 3Y3) SISANdUBM
P33, © I333Je 3eY3 93uTRII IY3
03 a3edoTpur -3utod aar3o®(qo
yoeoadde parjzroads e 03 38bie)
ay3 BuTsSors BTTYM ODd PZTWIUTE
03 butrasansuem 3jo aaT3oelqo
Kzewmrad ay3 o3 AIepuosas st
UOT3RIBPTISUOD STY3 3ING ‘SUOT]
-PPUSMINODSI JIdANSUBW 3S3Y3J Ul
sauTexy} 3yl Aq paIapPTSUCD 3q
Aea YWl 39335q 103 burIsAnaueH
‘D4 95e3I09p I0 ISEIIDUT I3AN3
-uew 2Y3 pPIP ‘°"2°T ‘I2anSuUuEm
3ey3y 3o anfea QOd 3Yy3z 03 A1l
-e131 3oeqpeaj papracid aq (1A
B3UTeI] SY3 SPUSMIODI3I IdUTRI
ay3 3ey3 jurod IsAnsuew Yoes
3e ‘ArTer3tur -Qdd 3O wramy
-utw ® Y3z 3=2bize3z ayz Sursolo
30 3aaT13259(go asTo1ax3 3yl 393w
03 I2pI0 uTl soTIeuads Burwoodn
3Yy3 Ul ISAnNAUBRW IUO UBYIF II0W
o3ew 03 paitnbax ag TIIm 3y
3PU3 33UTeII 3Y3 O3 23eDTPUI

OTIeUS3DOS
burzrTeT3TUT
o3 I0TXd

136

0Z-%

AV1dSIQ

NOILINNG 33NIval

ROILINNS GOLINGLSNI

IN3A3

JAlL

NOILJ3130¥3LNNOD 30 ALITIBY80dd 92

3S13¥3X3

{
|
|
|

B




NAVTRAEQUIPCEN 77-C-0107-1

Aerdstp SO1
dATIPUIIITY

*aouemzozazad

STy @2a0adut 03 paatnb

=31 ST 3ey3l uoT3edTITpPOW
I0TARY3q 3yl spuelsispun ¢

S2AT3
-PUIad3Te QD4 TPUOT3ITPPe OM3 °O
@AT3RUIS}TE QDd paazejaad -°q
uoT3epusu

-Wos31 IAnauewl S,d9UTeI3 °‘®

uMETUTW B Se ‘3uss

-22dax pTnoys po3odTos sSWMOD
‘SUINTOO 3ATIPUIIITE 7 3IOIT3S

*3utod
-pu? 10309A z9Anauew pa3doaload
03 SAT3PT3x QD4 3O sanTea ay3l
uteTdx® pue 3S3133UT JO S3AT3I
-PUIa3lle OTI32W09b6 ay3 309138

.oftg» pue ¥ D ‘do¥Y ‘add
“abuex ‘¥YNS 103 saniea jurod-pud
pe3o9foad Hurjussaadax smoI)
Ae1dsTp saarjeuzajzTe® 9yl uo
(pe3212p) pederdsip 29 o3 e3ep
3O smox 3y3 3D3T3S ° (103294
l A3TSualjut zaybTy ‘Butysell ®© SEe
pefe1dsTp 29 03) UOT3EPPUSUMIODII
Iaanauew s,33uterl ay3 Ia3ul

* (uot3daload a3nutTw Q1)
AeTdstp SO 2AT3IRPUID]ITR 3D3T3S

‘e3ep ndIid

3uad91 3sow pue ‘S/0 ‘°TOS
wa3sds 103 sanyea pakerdstp
3893e7 3Y3 IuTeI3l 2Yy3l O3 S3ed
-TPUT pue OTIPU3DS 3ay3l asned

‘9

asned oTIRPU3DS

137

0T - 41

AY1dSia

NOILONNs 33NIVAEL

MOILINNS B0LINGLSNI

ik3A

JAlL

R AR s e

~
L

[133130¥31INN0J 40 ALITIGY8uUYS 9= 3SIJ¥3X3




.Amuuw
‘abuex 0m0aw ‘3oedse peoaq ‘ ywd
9ATSS90X® YWd MoT ‘*b°® @dd 30
onTeA ay3j SZTWTIXPW DPTNOM YOTym

sIsAnauewl 3ZTTeqIsA 03 aIqe

9q pInoys aauteal ayy ‘Arre
~UoT3ITPPR) °AOd 3Jurod-pus bat

IaAnaueW UMWTUTW Y3lTm 3abre3
9Yy3 9SOTO 3PY3] SISANdUPW PUSUMIO
-d9x1 ‘*@2°1) ‘otxeusds Hutwoodn
ay3 z03 aat3oe(qo Hutasanauewm OTIRUdDS

aYy3 @9uTe13 3Y3 O3 93'OTPUI 9ZTTeT3TUI

*uor3l

-BI3jSUCWSP SPNTOUOD °OTIRUIDS oTIRU3DS
9jPUTWID], °SanTeA dDd 2bexaae a3jeuTmrag
pue snoauejuelsut ayjz Aerdstp
Teuotjexado apow sSOdT3oP] I3yl uo
}o0o1q uoT3enieAa® aduwmnIoyI=ad
9Yy3j ur 23LOTPUl °SIAINUTW G
I03 93exauab 03 OTIRUSDS MOTTY
*A31Tenb @Dd MOT S3T pue I9ANd
-uew ay3j Jo IduTrexl ay3z dutwiol
-Uui I9AnauBw QOd MOT ® I93udg

“UOT30935pIa3UNOD s3o0Tpaxd 3T se
uzajzjed asTou pajerpex §/0 pue
Aetdstp ON eaxe a1jjeq 3abie3 ajeorTpur

—
L)
~
o
—
o
]
(& ]
)
~
~
=
w
(S ]
a.
—
=
c
w
<
[~ 4
-
>
<
=

* (8bueyo poods uwwuuu

otaeysds ou butumsse) uywa
pue ‘ ywd ‘3oadsy s/0 ‘sbuex
‘gOY ‘¥NS ‘ddd 30 senyea pa3dal
-0xd UUINTOO SATIPUIIITE UIIM3J

~aq drysuorjerax ay3z urerdx3y

AVdSIa NOILINNS JINIVHL NOILINNS ¥OLINYLSNI IN3A3

WOIL1J3313043LNN0D 40 ALITIAYE0Yd 9= 3ISIIUIXN3




- —— TR v -t - —— —
e e e T ﬁ

IsAnaURw 9yl ISY3aym 93vOTPUI
‘peads pue 3saIn0D MAU 3Y3 IO0J
add 30 eniea SNO’UB3URISUT 3Y3
wea3/dauTerl a3yl o3 93eOTpuUl
*IaAnauveuw s,d9uTeI]l aY3l I93uld
Ketdstp -wea3 /eautex] ayl o3 sanyea

TeuoTy asoy3z @3eotTpur - (3senbsx uodn

i -exado 1Vl 8[qeTeae) 3J0Tq uoTjienieAd
. @ouewrozaad 9yj UT sanTeA
add Sbexsae pue snosuejuels
-utr 9yl AerdsTp ‘UOT3EpPUSWWOD
KetdsTp *gdd uo -091 I9ANDUEW S,99UTEI] BY3
TeuUoT3 Isanauew STY 3JO 30933 butrasjus o3 aotrag °HaT asana oTIRUdDS
-exado 93LTPSUMIT SY3 pue3lsaapun °p -uew sTy3 I03 ¢1 do3s jeaday “gf aNnuT3uUOD ov + 1

‘ddod
Letdstp Uuo @A®Y SIsAnauew SATIRU
SOT @ATY -193Te I3Y3z0 pue I2Anaueu
-euxa3Ty| STY3 309339 9Yy3 puelsaapun ¢ *L ybnoay3z ¢ sda3zs jeaday “py| osned oraeuads Ot % I

139

i CYNET -
Kerdstp S ,99UTeI3 pPIOOdY °HI[ a9AND
Teuoyy -uBw STY3 UO 303TTO2 03 NAId OTaIeU3DS
-e1ado JO JaqUNU WNWTUTW © MOTTY °“€T anut3uod 0Z + 1

e —

*suoT3deIa3UT TedT3oN]3
aUTT3NO pue )YOoeqpasj Iouew
-10318d apiaoag -, ybnoayl ¢
sda3s jeaday ‘oraeusos asneg °Z1| @sned oraeuads 0T + &

NAVTRAEQUIPCEN 77-C-0107-1

*39bae3 butiaansueuw TeT3
-uajod aj3edTpul ‘ddd WNWIUTW
‘°9°1 ’‘@auTea3 ay3z 03 aar3zoalqo
butzsansuew god ay3z 83eoTp
-UI °gT# orTaeuads Ayroads 1T

AV1dSIa NOILINNS 3I3INIVAL NOILINNI gOLINYLSNI AN3A3

i S

JAIL

NOLILJ3130¥31INN0J 40 ALITI8GVEOY¥d 94 3ISIIY3IX3

» .

e e 2 " e




‘o. ,vavie BPNTOUCD “PITITLDII
se ejep [edr3oe3 aduwurojaad otaeuade
Aetdstp ON Adoo paey otareusds ajeuTWIa] w.l 9jeuTwIay 06 + 1

*uoT3IEPUdW .

-Wwodax I2AndUPW e I933e 3Isn( g
‘309dsv s/0 ‘692 ‘sbueyo za38um
~ezed Tesr3oe3l ® JO 3[NSax ay3
se gdd ut abueys ay3z st uel
~zodut ATreTnOoT3iIed °OTIRUIDS
ay3 3Jo yabueT SwF3 aY3l I9A0 0Dd
uo sxeanauew (Aue 3T) 3I=8b.re;
pue S/0 30 30933@ a3yl ¥3eOTpPUl

aa -®
3o9ds” s/0 ‘P
aoy °d
Aetdstp ‘awt3 watqoad S1TIUS o J
butyders| oy3 19a0 @O4 uo saey ‘o038 wa 9
‘30°dse s/0 ‘€OY Se yons oo ‘e
Ke1dsTp ko tweudp Teo130®3 3JO S309339 :Aetdstp ydeab
Teuoty ay3 ‘°6-9 ‘aury watqoad -¢ 9y3 uo sx9jawezed [edT30®3
-vxado Z3A0 JDd U0 3Aey sx9jau /s2ansesu souwuzozxad asay3l
-exed TeoT30®3 3yl 8309339 Aerdstg -301dosb Aerdstp T®
Aetdstp SAT3IORIAJUT 3Y3 pue3lsaapun G | -uorjezado uazZoa3y ayjl dousdzezay L1 | osned oraeusss GL + 1
Teuot3
-ezado Ivi

140

NAVTRAEQUIPCEN=77-C-0107-1

Ketdstp ‘jem ST 9AT399fqo yowozdde ay3
Teuot3y 1T3un paatnbax se Hbar z9ana
-ezadp -uew yoes 203 g7 do3s jeadey ‘91

‘UOT3BWIOIUT YO0Tq douwmurozaad :
ay3 939T73d °dDd UT 9SLaIDVP ® :
20 9SPIIOUT Ue UT pPIJI[NsAIR

AYdS1Q NOILINNS 33NIVYL NOILINNS d0LINGLSNI INIA3 JdlL

NOILJ3130¥3LNNOD 40 ALITIBYEO0Y¥d 94 3SIJY3IX3




Oan ‘o
- |
yia -e
:Aetds1p TeUuOT3IE®IadO IVIL .

9yl uo aTgeTreae ST ejep HurmoT ¢
~T03 9yl ‘MOTASI uMUWTUTW ®© SY
*S}00Tq NAIJ 3juadaX Jsouw pue

o

Ketdstp ‘s/0 ‘-10s *s&s ut pakerdstp
Teuor3jexado sanyeA TeT3TUT 23BOTPUl °9TEOS OTIPUSOS
RAAA SWT3 pue g4 OrIeUads AJyroeds ‘¢ 9ZTTeTI3TUI 0 -4
*SS8US3ATI09IID

aod pue ‘YO 4S ay3z sazrIieULMS
yotym aianseau (y0) yoeoadde

3o A31T1enb a3yl jo A3TITqRTTRAR
9yl 93edTPUI °ddd IO °nyea
unmuTuTw B HbutuTtejurew pue (YO
ybtry At1saTierax arqrssod se
«ATXoTRD, se 39bae3 ay3z bursoyo
aTTym ("¥°S ybty AT°2ATIETaI)
oeansoe uotjnyos ,pcob, apraoad

o3 | ™4ea-"saa| ubrous
sonpoad o3 Add Y3TmM ISAnsuew e
axtnbay -Ar1saT3iejTauenb saarly

-o8fqo ‘gDd ‘ebuex ‘arbue jyoeay
K3toeds -aat3oalqo yoeoadde
OTIPUSOS UO S3a3auTeIy JOatTId T

141

NAVTRAEQUIPCEN 77-C-0107-1

* KLoeanooe
UOTINTOS SNSISA UOT3IOI3IIP
-I93unod jo A3Trrqeqoxd snsasa
‘afqeTeA® UOTIPUIOJUT pue 23ex BUTSOTO JO s3jjospeil eI oTIRUSOS
‘saansesw aocuewrojaad ‘aAT3 A11eoT3ioe3 8yj 3d0aTIax TIIM butzrtreTy
-o9{qo 9sToa9xX® puelsiapun T OTaieuads Hutwoddn syz 83edTpuUI ‘1 =Tut O3 I0Tad S -1 i
AY14SIQ NOILINN4 33NIVYL NCILINNS GOLINYLSNI IN3A3 4L

AYLIW039 WNWILMO (# 3SIJ¥3IX3




Ke1d

-STp Teuorl
-exado VYL
Ketdstp
Teuotjeaado

NAVTRAEQUIPCEN 77-C-0107-1

*saanseauw gDd pue °*¥°D
‘°*Y°S 3ay3 o3 30adsax Y3 TM
UOTIPPUSUMODSI IDANSURW STY
JO anTeA 3ay3 puelsaapufn

=31 Y3ITM UOTIPPUSUMIOIDI ISANS
-ueuw sTYy JO ssauajeradoadde ayl
butpaebox ssurteay ay3z o3 peprTa

B3RP UOT3IENTeAS ddueuwadyaad
9yl ut pakerdstp ATTenpraTpUT
Pa ptnoys *y°0 pue *¥°D ‘*y°s 3O
senyea Mdu 9Yy3z paTpea3ls sey S/0
soup *boT MAU dY3l UO paTPERE3S
sey S/0 TTaun pederdstp urewsx
pPInoOys eniea dOd 9y3l (9a9Yy paxa3l

-Us 3q 03 Ja2AnaueRuW) ISANSURW

9yl butanp ATTenpraTpul Sseins
-esw @Y3 JO yoes I03 ISAnSURW
Iy3 o3 xojad 3snf aoey KAerdstp
ay3 uUo aq pPINOYs UOTIPWIOIUT
sTyYlL °-Aerdstp TeRUOTIERIdO IVL
9Y3 UuO }DO0Tq e3lep uoTjenyTead
souewxoyaxad SY3 UT UMOYs aq
pInoYys ssnTeA aansesaw QOd pue

*¥°0 ‘°¥°D ‘°¥°S 8Yy3 paisan?

-uew sey S/0 9x03aq 3Ing ISAND
-UeWl P pPapPUSUMIODSI SeY IBUTeI]

*Z ® I933J® OTIRULIdS ayl burang

*aAT309(qo yoeoxdde

ay3 paystydwodoe sey ay
sT993 uaym watqoxd ayy dois
03 ST 3y I3uTea] 03 IILDTPUI

uoT3PWIOIUT
aat3oalqo yoeoxdde -6
add TeTaTuTr °3
UOT3ILOTITSSPTO 39baey °3
unza ‘P

-oad sq PINOYS oeqpesd °“YOOTq

unx OTIRUSDS

AV1dSIa

NOILINNd 3I3INIVAYL

NOILINNG ¥OLINULSNI

IN3A3

L

AYL3IW039 WNWILAO (# 3SIOY3IX3

142




(939°1IaN) 309dse S/0 pue QD4 °D

(239
‘eaxe 3133eq) €OY PU® Qdd °q
abuex pue qdd -® .
sauwt] :unmYuTW © SY - sIajswexed usomi A
Ketdstp| waTqoxd 12A0 uoT3ORIIJUT -9 SUOT3OBI33UT 3Y3 S93EedTpUl
butydexsy x93owexed ay3z pue3lsaapun ¢ *Ketdstp ydeab-¢g ay3z 3senbay -, S9 + 1

*}o01q @2aAT303alqo yoeoazdde -»
*3001q e3ep S/0 °F
.xuoﬁm e3Ep IOSU3S °O

039 ‘sbuex ‘ "y ‘7D ‘°b°s
¥O01q e3ep uor3inios wa3sds -°q

Aetdstp -¥0 pue ¥D ‘¥s ‘a@dd
Teuor3eaado JO sanTea YOOTq uoT3IEenTeAd
IVl aouemzojyxad Teury -e

:3pNTOUT WNWIUTW ® SY -aoeJ
Ke1dstp teuoT3zRaadOo IVI 2U3

UO 2TqePITRAR S2INSEPOW 3IDUPWIOT
-13d/saa3aueaed TeoI3oP3 3yl
ma1A92 pue Aerdstp TRUOT3IERIadO
ay3 929313 (d3PUTWIa]) oW

uaaq sey aat13o®fqo yoeaxdde ay3
jeyl sa93e3s 3auTeI3 ay3z uaym -9l asned orIPUIDS 09 + 1

143

(peambax sT 3T ai1aym xoeqpaaz
butptaocad ‘°s°1 ‘Bututexy burob
-Uo 3Y3 3O SUOT3ILAIDSQO STY UO
paseq Iaanduew Aue x33je uUot3l
-3ID0STP SIO3ONIISUT Ayl e 3Ino
pataied aq Aew ainpasoxd styl)
*UDT3IPPUDWWOIDI Y3 I0J ITeuorly
-ex 3ay3 apraoad o3 pabexnoous
3¢ pINOYs 93UTEI3 JYL ‘sSInTeA
pansesw souewiozzad syl 03 323ds ‘

NAVTRAEQUIPCEN 77-C-0107-1

AY1dsSIa NOILINNG I3INIVYL NOILONNS ¥0L2NELSNI iN3A3 3dIL

AdL3W039 WNWILdO (= 3SIJY3IX3




R R e LA R D At

NAVTRAEQUIPCEN 77-C-0107-1

Ae1dstp ON

Ketdstp
butydeas

Ketdstp
Teuory
-exado 1vl
Kerdstp
Teuor3ieaado

Aetdstp oN

‘¢ da3s jeaday

*Z pue 1 sda3s jeadoy

‘9

i 4

*@8TOI9X® 2pnIouU0) -pairnbaa
se ejep aouewaojiad/Teorioel
Adoo paeH -OTieuads IJPUTWISL

“)oeqpsa3z
@ouewrojiad palersp apraoid

°S/0 03 @suodsai ur sisAnageun
396103 ‘ZT + 1 933y - (suwr3
OTIPU3DS) ZT + I Ar1°@3ewrxoadde
38 SINJO00 UOT30933PIP3IUNOD
‘A1TeUOT3TPPY °I33UNODUD
TedT30e3 3NOTIITP SI0W ® S3UIS
-aidax pue 33bre3 Burzaansuewm
‘9NS yb1y ‘Sbuex 3S0TO ® ST
OZ# OTIBUDS) °(OZ# OTILPUSDS
103 g ybnoayz 1 sda3ys 3eaday

* OTIPU3OS

apniouo) -ajzeradoadde se
e3ep aouewioziad pue TeoT3oeR3
Adoo paey

¥g pue ¥vs ‘¥D
waaik pue ¥

NS pue ¥s

Usa PU® ¥S

uuomnm S/0 pue ¥S
oUWAd PU® add
gﬁ:ﬂﬂnvm

T O DG

‘OTIRUSDS I3JPUTWISL °

g &

!

oTIRUaDS
23eumEIa]

osned orIPU3DS

OoTIeUaOS
azTTRTITUI

oTIeUaDS
ajeuTMISL

oZT + &

OIT + 1

o8 + J

GL + 1

AVdSIQ

NOILJNNS 3I3NIVYL

NOILINNS YOLINYLSNI

AN3A3

3AIL

AY4i3W039 WNWILdO L= 3SIJ¥3X3

144

bt




NAVTRAEQUIPCEN 77-C-0107-1

TRAINING SCENARIOS | THROUGH &

o A

eI g R SO S

LI L]
12

E\

et =
€ S G 3, MM

mﬁ:ﬁﬁ;[.,q,j...l 3 it gy | MJ..:I =J~l~.‘1.77..:l.-h-l-l
' oo ]

145




NAVTRAEQUIPCEN 77-C-0107-1

TRAINING SCENARIOS 5 THROUGH 8

e oo
lllll C S an s

o ETEETELETL . w BT ERL T 3

T1e

/O

4

A

" su.— A ; .. g:' Mj

8 Aos oS c.

e EPREEEEED . o CTECTROE T




NAVTRAEQUIPCEN 77-C-0107-1
TRAINING SCENARIOS 9 THROUGH 12

lllllllll

s R L o]

B, M8 L85 C, 8 € 8, W om

/Zl

f

NN P P 5 o P
b

- s T T ]

QL

~

- N

&

¢

147




NAVTRAEQUIPCEN 77-C-0107-1

TRAINING SCENARIOS 13 THROUGH 16

—

% ECEMEEY ‘..J] - R 4 g i

}

/El

T |
VRO S
"""""" L’.‘LIML['"[ :'I ‘“I "‘1' ]“‘I‘ l ""] ~'J SCENARIO #16 uum_L”'JJ'l?':ﬂ “‘T’ I"‘l . ["-'l ~:l
h }
2 S

148




A o TR AR D

NAVTRAEQUIPCEN 77-C-0107-1

i
: . TRAINING SCENARIO 17

R
8, AOB LON €, s € 3, W Sw

sm;m o mus F"I‘g'J ‘“I'“ l' "‘L‘ l"'L 'J

149




NAVTRAEQUIPCEN 77-C-0107-1
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APPENDIX G
TRAINING DISPLAYS

TAT Operational Display

The MK 81 Weapon Control Console has a general purpose display and keyboard,
capable of presenting a variety of information displays for both operations and
maintenance. The tactics mode display, in the geosit submode configuration, had been
selected as the context for developing the experimental trianing simulation and
evaluating training assistance technology (see Pesch, Hammell, and Ewalt, 1974). This
mode/submode presents a north-up geographical/situation plot of own ship and target
tracks, along with relevant alphanumeric information pertaining to own ship actions and
the target motion analysis. Figure G-1 presents the TAT operational display, which is
an adaptation of the MK 81 WCC tactics mode display. The information presented on
the TAT operational display, and its differences with the MK 81 WCC tactics mode
display are explained below.

The north-up geographical/situation plot shows own ship's present position as a
fixed point ((*)) in the display. Own ship's history track (i.e., own ships previous
positions in time relative to its present position) is shown by a dotted trail (. . . .)
coming from own ship's present position. The current best estimate of the target's
position, relative to own ship's position, is shown by the symbol This best estimate
is based on the designated system solution of TMA, such as the KAST technique. The
target's history track, similar to that of own ship, is shown by the trail of Xs emanating
from the current target position. Each X represents a sequential update of target
position, occurring at selected time intervals (e.g., every three minutes). The target's
history track will seldom be as uniform as own ship's, since the quality of the TMA
solution continual changes and affects the estimated target position. Often, the target
positions early in the TMA will exhibit considerable dispersion, evolving to a uniform
track over time as the solution improves.

The own ship and target motion on the display is a combination of true and relative
motion. The present own ship's position is fixed north-up with all other points moving in
relative motion to this position. This history tracks for own ship and target, however,
present a true motion view. All of the target's previous positions (i.e., the current
position and the history track) move relative to own ships present position, resulting in
the true motion presentation.

Several capabilities are available on the geographical/situation plot to aid in
tactical decision making: (1) range ring can be placed around the present own ship
position and set at any desired range, (2) own ship and target actions can be dead
reckoned into the future resulting in vectors on the plot to indicated projected
positions, and (3) a closest point of approach (CPA) solution can be calculated based on
the current own ship and target actions, resulting in vectors emanating from the present
own ship and target positions to their respective CPA positions. These capabilities
result in corresponding information in the alphanumeric sections of the display.
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4 MOST RECENT FIDU
S CLOSEST POINT OF APPROACH
co BY
DMHO BEARING SNR
KVO RANGE RH
TINE TINE %’“‘
PERFORMANCE EVALUATION APPROACH OBJECTIVE SOURCE
SYSTEM SOLUTION
BY - DAY
RH
e CT - DMHT .
CURSOR RANGE SOURCE
HVT (EST)
P v
(x]
®

Figure G-1. Tactics Mode Display
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The alphanumeric information is presented on the upper third of the display. The
upper leftmost block presents the present own ship status information: (1) course (C o)’

(2) speed (DMh,), (3) depth (HVO), and (4) present time. The alphanumeric display area

below this block is left blank on the MK 81 WCC tactics mode display. The instructor
can insert performance evaluation information in this block on the TAT operation
display (e.g., probability of counterdetection). This information would be used to
provide feedback and/or cues to the officer trainees.

The upper middle block of information in the TAT operational display presents CPA
information corresponding to the geographical situation plot, when the CPA projection
is requested. The MK 81 WCC tactics mode display presents the same information, but
in the next lower block's position. This display presents sensor status information in the
upper middle block (i.e., designated multiple target identification numbers, active
versus passive sonar, automatic target following versus manual target tracking). This
information is unnecessary for the TAT training exercises. It was replaced with
approach objective information which specifies in detail the goals of the exercise. The
lower block, cursor range, indicates the selected range value of the variable range ring
around own ship.

The two rightmost blocks pertain to the target information being analyzed. The
upper rightmost block provides information pertaining to the most recent filtered input
data unit (FIDU), the current sonar information. This consists of (1) target bearing (By),
(2) signal to noise ratio (SNR), (3) target range (Rh) in active sonar mode only, (%)
depression/elevation angle (EUA), (5) current time, and (6) the information source (e.g.,
AN/BQS-13 sonar). The lower rightmost block presents the TMA system solution,
representing the best estimate of the current target position and actions. It consists of
(1) target bearing (By), (2) target bearing rate (DBy), (3) target range (Rh), (4) target
course (C,), (5) target speed (DMht), and (6) information source (e.g., AN/BQS-13 sonar).

The estimate target depth (HVt) is presented below these blocks. The target position
and actions on the geographical/situation plot correspond to this TMA information.

The TAT operational display, as explained above, is functionally analogous to the
MK 8] WCC tactics mode, geographic/situation submode display. Their differences
exist in (1) the performance evaluation and approach objective information presented on

the TAT operational dipslay, and (2) the sensor status information on the MK 81 WCC
tactics mode display.

TAT Feedback Displays

Three types of TAT displays provide feedback to the experirnental group trainees.
The first display provides a knowledge of alternatives to the trairee. The value of the
trainee's projected maneuver recommendation is contrasted with the value of a number
of alternatives chosen for their training value prior to the training presentation.

The display face is shown in Figure G-2, The topmost data area contains own ship

and target tactical information including shared data resulting from the dynamic
tactical interaction.
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O/S _DAILA
ASPECT XXX° LD/LG
Co xXXX°
DMHo XX.X Kts
TIME XXX Min

PCD
RH
By
DBy
SNR

XX%
X.X
XXX°
X.XX°
XX

SHARED DAITA

Kyd

TARGET DATA

AOB XXX° LD/LG
Ct xXXx°
DMHt XX Kt

PROJECTION TIME 10.0

ALTERNATIVE T P a B
SOL. ACCURACY % | XX XX XX XX
DBYn — DBYn+1 X.X X.X X.X X.X
DBy DEG X.X X.X X.X X.X
SNR db XX XX XX XX
CQts DEG XXX XXX XXX XXX
CLOSING RATE % | XX XX XX XX
yDMHo  Kts XX.X XX.X XX.X XX.X
RANGE  Kyds XX.X XX.X XX.X XX.X
PCD % XX XX XX XX

Figure G-2. TAT Alternatives Feedback Display
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The center area of the display face shows an own ship track history and target
system solution history up to the time of the tactical display freeze which occurs so
that the trainee may observe the display and recommend a maneuver. This alternative
tactics display provides feedback relative to that maneuvering point by providing a
knowledge of the end point values of tactical performance measures. This knowledge is
provided for the trainee's projected (10 minute) maneuver vector, a recommended
projected maneuver vector, two additional alternative projected vectors and the
target's actual projected track vector. These vectors are displayed and visually coded
(intensity and labeling; as well as a flashing trainee's vector). The trainee is also
provided with not only the quantitative feedback merits of his maneuver relative to
specific alternatives but also is provided with qualitative feedback relative to his ability
to attain the target end point baffle area (when that is attainable). This is
accomplished by dashed line inserts to indicate the target's baffle edges (port and
starboard). Additional feedback is provided concerning the merits of the projected
maneuver based on the LOS-related information available to the trainee at the
maneuver point. This information is provided by a line insert on the display between
own ship and target representing the maneuver point line-of-sight. The projection time
(which is instructor specified) appears at the bottom right of this display area.

The bottom area of the display face provides end point performance and tactical
measure quantitative data (for the performance measure rows) for each of the
alternative maneuver columns.

A second TAT feedback display is the multiple X,Y graph display. This more
general-purpose display can graph any of the performance or tactical measures over any
designated X variable (most generally over time). This enables the trainee to observe
the selected measures over the problem run time. In this way the trainee realizes the
consequences of his maneuver and its value relative to graphically superimposed values
of that performance measure for alternatives maneuvers (the same maneuvers as those
displayed on the alternatives display with the same intensity codes described earlier).

The effect of the primary trainee manipulators; i.e., own ship course and speed
recommendations can be seen on secondary tactical measures/performance measures;
e.g., range, SNR, AOB, PCD, SA, etc, by displaying those performance measures for all
alternatives over the same axis problem times. The instructor may discuss the
interactions of those variables over time. This is facilitated by the instructor's use of
the cursor and the numeric X,Y values displayed to the right of each of the three
simultaneously displayed graphs. This display is shown in Figure G-3,

A third display type is the special purpose xDMht-matching display. This display

is a variation of the alternative LOS display. The xDMht matching display format is

shown in Figure G-4. The own ship, target, and shared data blocks at the top of the
display contain the same information found in the alternative LOS display. Additional-
ly, the matching display provides projected (P) information concerning tactical
parameters of interest to the xDMht-matching task. These projected (end point)

parameter values are indicated directly beneath the data blocks to which they belong,
e.g., projected own ship speed across the LOS (xDMh °) s indicated directly beneath the

own ship data block.
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Figure G-4, )cDMht Matching Display
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The tactical display (center display area) indicates target and own ship history
tracks (system solution and actual, respectively) and also indicates the LOS between the
maneuvering point positions of target and own ship. Since the xl)Mht matching task

requires only a single trainee maneuver and is not trained by providing alternative
information, the projected vector displayed are only those for target (assumed
nonmaneuvering) and own ship ):DMht matching maneuvering recommendation. The

maneuver projection time is indicated in the lower left of the display. No alternative
column information is provided (as in the alternative LOS display) because the projected
(P) tactical values required by the trainee (e.g., DBy, xDMh,, xDMh , etc) are displayed

directly beneath the data blocks at the top of the display face.
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S0 e APPENDIX H
,‘ EXPERIMENTAL GROUP EXERCISE GUIDE

This appendix contains the instructor's guide used to present the training exercises
to the experimental group. The guide details the training process for the demonstra-
tion, training scenario presentation, performance feedback, and instruction phases of

. the exercises. All 10 exercises are presented in the same manner.

e SRR YT AkweT
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L" APPENDIX 1
CONTROL GROUP EXERCISE GUIDE

This appendix contains the instructor's guide used to present training exercises to
the control group. In general, the guide parallels the functions found in Appendix H.
The major differences are: (1) the nature of the performance measure feedback (i.e.,
S quantitative for the experimental and qualitative for the control group); and (2) the
method of feedback presentation (i.e., use of specially developed feedback displays for
the experimental versus reference to the operational display for the control group).
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APPENDIX J

TAT EXPERIMENTAL EVALUATION SCENARIOS

I. SCENARIO DESIGN VARIABLES
(Randomized with regard to inclusion in training scenario order of presentation)

a. Maneuvering point range to target

b. Maneuvering point AOR

c. Initial bearing to target

d. Initial o/s aspect e.g., underlead, overlead, or lag geometry. Random selection
of o/s courses w/i those closing quadrants

1I. DECISION CATEGORIES FOR SCENARIO TACTICAL SOLUTION

a. In target baffles at maneuvering point; baffles = 120° - 240° (relative to
target

1) PCD is near minimum at maneuver,

2) 1 is always increased by an increase in SNR, i.e., for a non-maneuvering
target a decrease in o/s speed. :

3) Target receives least signal from o/s when presented with o/s bow or stern
nulls (See PCD mod. algorithm). Highest signal on beam.

4) Ofs receives least signal from target bow or stern nulls (See SNR mod.
algorithm). Highest signal on beamg.

b. On edge of target baffles at maneuvering point

1) Target baffle entry (120° - 240°) reduces PCD most significantly.

2) An increase in o/s speed to enter baffles will increase PCD initially (until
baffle entry) and will always decrease I (inversely proportional).

3) An early baffle entry may warrant an initial increase or continuation of
o/s maneuvering point speed.

4) Aspect and AOB listening considerations in force.

<. Qut of target baffles; baffles unattainable

1) Maneuver for low PCD

a) Decrease speed if range is relatively short (this causes an increase in I3
I, also).
b) ;‘ speed increase will provide much too high PCD due to range to
baffles. J
c) Maneuver o/s to take advantage of o/s & target bow and stern nulls.
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APPENDIX K
TRAINEE INPUT CHARACTERISTICS (TCR)

Trainees generally were operating at either a basic or intermediate level of
tactical expertise. Greater than 80 percent of the trainees were ranked LT or below,
however, the mode was LCDR (5).

Formal tactical training most often meant completing only the Submarine Officers
Basic Course (prerequisite for sea duty). This formal training was generally followed by
an SSBN assignment where the trainees gained operational experience on the MK 113/9
FCS with the MK 78 CRT tactical display. Some trainees (5) were experienced/acquain-
ted with the MK 113/10 or MK 117 (the MK 81 CRT display subsystem). A TCR
experimental observation was that, regardless of their familiarity and the detailed
explanations provided, all subjects required a minimum of at least one scenario to
understand how to use the display information. Observations in the SOAC curriculum
prior to conducting the experiment indicated that the curriculum emphasized objectives
that required a knowledge of the MATE display mode with little reference to the
usefulness of the MK 81 GEOSIT submode as an approach tool (nonavailable software
support was the major factor here).

Sea duty varied greatly. While all subjects had spent some time at sea, in a few
cases that time was less than 6 months. The largest average sea duty was aboard
SSBNs. Two of the subjects were tactics training course instructors (SOAC and PXO,
PCO) and two other subjects are presently assigned to submarine support activities
(training and certification programs) not forces afloat. Seven of the remaining eight
subjects were attached to forces afloat. The final subject was a retired submarine
officer currently engaged by EA. This subject, not assigned to tactics development or
tactics training development, was naive of the TAT objectives and brought no advantage
due to his employment by EA to the experimental evaluation. He furthermore served as
control group subject.

This biographical information is summarized in Table K-1.
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TABLE K-1. DEMOGRAPHIC INFORMATION (12 SUBJECTS)

Rank ENS LTIG LT LCDR
2 2 3 5
50 percent LT or below

Formal Tactical Training

MK 113/10 FAM 1 PXO 3=
SOBC 9 PCO 3
SOAC 4 NONE 1

*Two of the subjects were instructors. 1 for SOAC and 1 for PXO, PCO trainees

FCS Operational Experience

MK 113/6 2 MK 113/9 9
MK 113/7 1 MK 113/10 4
MK 113/8 3 MK 117 1

Additionally a few (3) subjects had experience on earlier FCS; e.g., MK 106
CRT Tactical Display Experience

MK 78 9 MK 81 5
Sea Duty
SSBN SSN S
Range Mean Range Mean Range Mean
0-105 32 0-40 8 0-108 18
|
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GLOSSARY

Assistant approach officer

Approach officer

Angle on the bow

Bearing

Computer assisted training

Own ship course

Commence exercise

Commanding Officers Tactical Display
Closed point of approach

Own ship aspect

Target angle on the bow

Closing rate performance measure
Target course

Bearing rate

Absolute change in bearing rate over two maneuver legs
Dynamic exercises

Apparent Depression Angle
Familiarization (MK 113/10) course
Fire control coordinator

Filtered input data unit

Finish exercise

Fire control technician specialty rating
Information quality performance measure
Closing rate in the line of sight
Information Ul & PCD, a summary performance measure
Kalman automatic sequential TMA
Classified tactical operations

Line of sight

Manual adaptive TMA evaluator
Multi-purpose sonar system
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’F NAVTRAEQUIPCEN Naval Training Equipment Center
: NFM, Figure of merit, target
NLON New London, CT
NORVA Norfolk, VA
NPRDC Naval Personnel Research and Development Center
NSE % Signal excess, own ship
o/s Own ship
PCD Probability of counterdetection performance measure
PCO Prospective Commanding Officer training course
PREDEP SSN mission predeployment training
PXO Prospective Executive Officer training course
REFTRA SSN crew refresher training
QA Quality of approach performance measure
Rh Range
SA Solution Accuracy Performance Measure
SCST Submarine Combat Systems Trainer
SF Scale factor '
SNR Signal-to-noise ratio
S » Own ship speed
SOAC Submarine Officer Advanced Course
SOBC Submarine Officer Basic Course
SSBN Nuclear Ballistic Missile Submarine
SSN Nuclear Attack Submarine
St Target speed
SUBTOM Submarine Tactical Operations Model
TA Track angle
TAT Training assistance technology
TMA Target motion analysis
TS Time to station performance measure
TUBA Data gathering sonar system
UFCS Underwater fire control system
WATE Weapons attack evaluation mode (MK 81)
wCC Weapons control console

xDMh Own ship speed across the LOS )
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Relative speed across the LOS
Target speed across the LOS
Own ship speed in the LOS
Relative speed in the LOS
Target speed in the LOS
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