U.S. DEPARTMENT OF COMMERCE
National Technical Information Service

AD-A021 461

MEASURES OF EFFECTIVENESS HANDBOOK

J. G. Rau

Ultrasystems, Incorporated
Irvine, California

August 1974

\




llllllllIllllllllllllllIlllIIlllIlllllllllIllIII;IIIJ%Z£;;41LIIIIIIII
MEASURES

" OF EFFECTIVENESS
HANDBOOK

D AQ2T 461

PREPARED BY SO

ULTRASYSTEMS, INC.
2400 Michelson Drive

Irvine, California 92715
(714) 752-7500

Reproduced by
NATIONAL TECHNICAL
INFORMATION SERVICE

AUGUST 1974



-3 11 18U
L, Security Clansification

DOCUMENT CONTROL DATA-R&D

‘Seeneity classilicution ol title, hodv of ab<tract amd 1ot anaQtatt 0 riist he entored when tha aver ] peaet Is elaariliedy
' CAIGINATING ACTIVATY (Corparute withae) TioowEgeom- sg2_ a1ty SLassImEanion
Ultrasystems, Inc. Unclassified
0. GROUR
2400 Michelson Drive el

Irvine, Califoraia 92715

J. REPOAT TITLE

Measures of Effectiveness Handbook

4. DESCRIPTIVE NOTES (T)ype of report and inclusive dates)

%. AUTHOR(S) (Flrst name, middle initial, last name)

John G. Rau

¢ REPORT DATE 78, TOTAL NO. OF PAGKS 70. NQO. OF RL"S
August 1974 o323

0. CONTRACTY OR GRANT NO. 98, ORIGINATONR'S AEPORT NUMBER(S)
N00014-74-C-0238

b. PROJEC T NO.

NR 364-133

9. OTHER AEPORT NO(S) (Any other numbers that may be assigned
this report)

d.

10. DISTARAIBUTION STATEMENT

"Approved for public release; distribution unlimited"

1. SUPPLEMENTARY NOTCES 12. SPONSORING MILITARY ACTIVITY

Fleet Analysis & Support Division(Code 230)
Office of Naval Research
Arlington, Virginia 22217

73, ABSTRACT and

Commander, Operational Test and
Evaluation Forces
Norfolk, Virginia 23511

This document presents a summary of measures of effectiveness (MOE's) used by
OPTEVFOR in Development Assists, Operational Assists, Operational Appraisals, Tech-
nical Evaluations, Operational Evaluations, Concurrent Evaluations, Fleet Research
Investigations and Fleet Operational Investigations. For each OPTEVFOR report re-

Jviewed, the platform, system or subsystem considered is Lriefly described together
with corresponding MOE data requirements.

DD |'~°::‘..1473 ; Unclassified

Secunty Classi{ication

o




classified
- ecurlly Classification
AR U “
14, LINK A LINK B LINK €
CEY WORODS
ROLE wT LE-29 ¢ wY ROLE LA

acoustic warfare

aircraft

antisubmarine warfare

bombs

communications equipment
data display

detection

electronic warfare

fire control

guns

helicopter

measures of effectiveness
missiles

naval testing

naval warfare
navigation

radar

sonar

sonobuoy

submarine

surface ship

test planning

torpedo

weapon delivery

A TR IR N N

Unclassified

Security Classificstion

. i vaaeiac,



el Gmei oy e Oou) OEN G OB O

{

]

~4

@ AUGUST 1974

MEASURES OF
EFFECTIVENESS HANDBOOK

By: J. G, Rau
OPERATIONS RESEARCH & Economic ANALYSIS DEPARTMENT

ULTRASYSTEMS, INC,
2400 MicHeLsoN DRIVE
IRVINE, CALIFORNIA 92715

PREPARED FOR:

CoMMANDER, OPERATIONAL TEST & EvALuATION FORCES
NorrFoLK, VIRGINIA 23511

AND

FLEET ANALYSIS AND SupporT Division (Cobe 239)
Orrice oF NavaL RESEARCH
ARLINGTON, VIRGINIA 22217

PrRepARED UNDER: ConTRACT N00014-74-C-0238
Task NR 364-233

Reproduction in whole or in part is permitted for any purpose
of the United States Government. Approved for public release;
distribution unlimited.

it



b= = o G B B e =B e

~ o) Suwn) Gungd el Gomd i i e ey

PREFACE

This handbook provides COMOPTEVFOR with a reference source of
measures of effectiveness (MOE's) used in Naval warfare and previous OPTEVFOR
projects. In particular, this reference handbook provides assistance to
Project Officers and Analysts in the preparation of a TEMP, Evaluation Plan
or Test Plan, and as an aid:

(1) 1in the selection of measures of effectiveness

(2) 1n the corresponding selection of test objectives

(3) 1n the identification of data requirements

(4) 1in the conduct of project operations

(5) 1n the determination of data analysis techniques to be used.

The information presented in this handbook {5 based on a compre-
hensive review of OPTEVFOR reports. Specifically, a summary is presented
of MOE's used in Development Assists, Operational Assists, Operational
Appraisals, Technical Evaluations, Operational Evaluations, Concurrent
Evaluations, Fleet Research Investigations and Fleet Operational Investi-
gations. For each report the platform, system or subsystem considered is
briefiy described together with the specific test, evaluation, or appraisal
objectives, the MOE's selected, an« the corresponding MOE data requirements.

The scope of the handbook is limited to effectiveness measures
only. Materiel reliability and human factor measures are not included.
Even in the effectiveness measure area the coverage is not complete — it
was not intended to be. It is expected that continuous update will be
performed.

This handbook is FOR GUIDANCE ONLY and is not intended to be the
only source of information to be used by Project Officers or Analysts in
the selection of measures of effectiveness.

11
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1.0 INTRODUCT ION

COMOPTEVFOR personnel become involved in the preparation of project
plans for a broad range of projects. In Operational Assists for which the
purpose is to gather operational data in a "quick look" effort to aid in
deciding whether a particular course of development is worthy of pursuit,
the project plan is prepared jointly by COMOPTEVFOR and the Developing
Agency, but the execution and reporting of the results is accomplished by
COMOPTEVFOR. In Operational Appraisals relating to systems, equipment or
components in fleet use which have not undergone operational evaluation
and/or been recommended for service use, COMOPTEVFOR is responsible for the
planning and prosecution of the project. In Operational Evaluations for
which the purpose is to determine the ability of the system or equipment
to meet operational performance requirements, COMOPTEVFOR prepares the
project plan, arranges for Fleet support, prosecutes the project, and
analyzes and reports the results. COMOPTEVFOR has similar project respon-
sibilities for the operational phase of Concurrent Evaluations.

In the preparation of these project plans the overall project
objectives must be defined and then the specific objectives, including
success criteria, must be identified. An integral part of the project plan
for an evaluation will be the definition of the missions or operational roles
of the platforms, systems, subsystems and equipments involved. The success
criteria form the basis for determining whether or not the missions or opera-
tional roles are successful as reflected in whether or not the specific
objectives are met. To quantify this determination requires the use of
numerical scores or statistical estimates. This-is the role played by the
measure of effectiveness. It provides the quantification of how well the
specific objectives are met such as how successful a platform is in accomplish-
ing its mission or how successful a system, subsystem or piece of equipment is
in performing its operational role as part of the mission.

The selection of MOE's 1s an important step in this preparation
for an evaluation. This is because MOE's enable the Project Officer or
Analyst to assess whether or not, or how well, the specific test objectives
(chosen to test or verify that desirad operational or performance goals are
met) are satisfied. This handbook is designed to aid the Project Officer or

i e
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Analyst in this selection process. It is not intended to be an all-
inclusive, or exhaustive, compendium of MOE's such that the Project
Officer or Analyst needs only turn to the right page and then select

his MOE. With the present changes in the test and evaluation process,
previously used MOE's may no longer be appropriate and, even though
suggestive of the types of measures which could be used, are in many
cases incomplete by today's standards. Not only 1is the situation
dynamic, but it can be generally stated that "every project is different".
Consequently, this handbook is not a cookhook, but serves more for stimu-
lation and guidance in general approaches to be followed. The selection
of MOE's and the corresponding details must be tailored to the specific

project.

Figure 1.1 provides an illustration of the use of this handbook
by a Project Officer or Analyst. Once the project objectives, the specific
objectives for test and evaluation, the platforms involved and the level
of evaluation are defined, the Project Officer or Analyst is at the MOE
selection stage. There may be more than one MOE which could be used and,
furthermore, for each objective or set of objectives there may be a different
MOE which is applicable. The Project Officer or Analyst is thus faced with
having to make this selection. It is at this MOE selection stage where a
Measure: of Effectiveness Handbook can be of the greatest value. The reason
for this is that such a handbook would contain a summary of MOE's by area(s)
of applicability, criteria (based on test objective(s)) for selection when
more than one choice of a MOE exists, formulations of each MOE, an identifi-
cation of data requirements for computation, and a reference to previous
usage of the MOE. Thus, such a document would provide ready access to infor-
mation needed by the Project Officer and can also serve as a reference source
for Analysts in the design of test plans and the evaluation of systems.

Figures 1.2 and 1.3 provide illustrations in ASW of typical MOE's

which could be used in platform level and system level evaluations, respectively.

As can be seen, at the platform level there may be more than one mission for
the platform, for a given mission there may be more than one success criterion,
and for a given success criterion there may be more than one MOE. Similarly,

for a specified system operational role within a platform mission there may be
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more than one success criterion, and for a given success criterinn there
may also be more than one MOE. Each choice of the MOE could be expected
to lead to a special set of data requirements. The project plan would
thus have to include these data requirements and the project data sheets
would have to be structured according to these requirements. The analysis
required to compute these MOE's would be dependent upon the complexity of
the MOE formulation and could even require the use of a digital computer
for not only data processing and reduction but perhaps to perform mathe-
matical simulations of portions of the test which could not be conducted
at sea.

[t is important to recognize that in the selection of an MOE one
must consider the tasks that the platform, system, subsystem or equipment
under evaluation has to perform. Measures of effectiveness can alsc be
regarded as measures of how well these tasks are done. For example, in
evaluating the detection performance of a sensor, the MOE may be the prob-
ability of detection as a function of target range, or in evaluating the
ki1l performance of a missile warhead the MOE may be the probability of
target kill given detonation. In many cases more than one task (say, sub-
task) comprise a broader task such as to achieve overall target kill it
must be detected, recognized as a valid target, acquired, tracked, fired
at with a weapon and killed. An MOE for each of these subtasks is commonly
referred to as a "function MOE" since it provides a measure of how well the
individual subtask (or function necessary to accomplish the broader task) is
accomplished. Therefore, an MOE for the broader task could be expected to
be a function of these subtask or function MOE's. This illustrates the type
of hierarchy which generally exists among MOE's.

As the MOE hierarchy evolves from the top level to the lower levels
(such as from force level to platform level to system level to subsystem or
equipment level), the nature or form of the MOE changes. At the lower levels,
the MOE's become less "effectiveness oriented" and more "performance oriented".
For example, median detection ranrge, circular error probable, mean miss
distance, etc. are typical performance oriented MOE s, whereas expected number
of target kills per sortie, probability of target detection, classification,
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localization and kill, and the exchange ratio given by the ratio of enemy
kills to friendly kills are typical effectiveness oriented MOE's at the
platform or force levels. It {is important to emphasize that the selection
of MOE's and data requirements is not a bottom-up procedure but rather a
top-down procedure; that is, a Project Officer or Analyst should not first
look up MOE's to see what he can calculate and then let this drive the tests
that are to be run. He should focus his MOE selection effort at least one
evaluation level higher than that called for in the test or evaluation, and
select an effectiveness oriented MOE before determining the performance
oriented MOE's which it depends upon.

In the following sections are presented discussions of how MOE's
are used in OPTEVFOR projects and analyses, guidance in the selection of
these MOE's, the hierarchy that exists between MOE's at various levels of
evaluation, MOE data formulations, and how to use the MOE data base provided
in Appendix B of this handbook. This data base is intended to be illustrative
of the types of MOE's that have been used in the past and are thus potential
candidates for use now or in the future, however the Project Officer or
Analyst should be aware of the caveat, namely, what was used in the past
(be it right or wrong) is not necessarily what should be used now or in
the future. The Project Officer or Analyst should use this data base as a
starting point not as an ending point in the selection of the MOE's most
appropriate for his particular test or evaluation. As new MOE's are created
and formulated, they can be readily added to the data base, thus providing
an up to date MOE reference source.

2.0 GUIDELINES AND CRITERIA FOR MOE SELECTION

The importance of choosing the right MOE is illustrated by a
classic example offered by Morse and Kimba'll.1 During World War II,
British merchant ships in the Mediterranean were provided with anti-
aircraft guns to protect them against German dive bombers. After several
months of operation, an effectiveness evaluation was made which showed
that the enemy aircraft was shot down in only about four percent of the

]Philip M. Morse and George E. Kimball, Methods of Operations Research,
John Wiley and Sons, New York, 1951
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attacks. On this basis, it was tentatively decided to remove the guns,
which were relatively expensive and needed elsewhere. It was then pointed
out that the wrong MOE had been used in the evaluation. The real objective
was to protect the merchant vessels, not necessarily to destroy enemy
aircraft, which could be done more efficiently in other ways. If the guns
caused the aircraft to stay at high altitude or forced them to maneuver
evasively, thus degrading the bombing accuracy, they would have served
their purpose. When the MOE was framed in terms of the proper objective,
it was found that only ten percent of the protected ships had been sunk
when attacked, compared with twenty-five percent for the unprotected
ships. Based on these facts, the guns were left on the ships.

A similar type of situation occurred more recently in the Viet
Nam War when the SHRIKE antiradiation missile was introduced. This missile
was designed to home-on and to destroy radars. When it was first used,
the missile was very successful in destroying radars; however, the enemy
soon learned that by shutting off or intermittently using their radars
they could defeat the missile. Consequently, choosing the missile MOE

as the probability of radar kiil, we have a case where the initially observed

values of this MOE were high, but decreased with time and continued use of

the missile. The problem here is one of choosing the wrong MOE. In reality,

the purpose of the missile was to increase the survivability of penetrating
strike aircraft by suppressing enemy radar transmissions or causing the
enemy radars to cease radiating; hence no surface-to-air missiles could

be fired. This objective can be accomplished in several ways, namely:

(1) the missile can physically destroy the radar as it is designed

to do;

(2) the missile can be fired at the radar target, and if the radar

operator is aware that the missile has been launched at him,
he may shut the radar off the air rather than risk being
destroyed;

(3) the mission can be accomplished if the pilot turns the air-
craft carrying the antiradiation missile toward the target,
preparing for or feigning a missile launch, and then the
radar operator, anticipating a missile attack, shuts down.

el =



Consequently, the mission objective can be accomplished without firing any
missiles at all. In the case of strike warfare where the antiradiation
missile is employed to protect penetrating aircraft, a candidate measure of
effectiveness would be the probability that either no surface-to-air missiles
are fired or, given that at least one SAM is fired, all aircraft survive.

In addition to showing that a completely wrong decision can be
forced by an injudicious choice of criterion, the above examples serve to
illustrate an important principle of criteria selectfon: the criteria must
reflect the user's objectives at the appropriate level of generality. A
further observation regarding these two examples is that depending on
whether or not your choice is the offensive or defensive role, the corre-

sponding MOE's are different.

Basic guidance in the selection of an MOE and success criteria for

~ the evaluation of a platform, system, subsystem or piece of equipment can

generally be found by referring to the principal documents in the RDTAE
Planning and Acquisition Process — specifically, GOR's, TSOR's, PTA's, SOR's
and TDP's for on-going programs, and CPPG's, CPAM's, STO's, OR's, TLR's and
TLS's for new and future programs.

General Operational Requirements (GOR's) forecast operational
capability requirements, Tentative Specific Operational Requirements (TSOR's)
identify specific operational needs and the required capabilities to satisfy
those needs, Proposed Technical Approaches (PTA's) specify alternative
approaches to attain the stated needs, Specific Operational Requirements (SOR's)
formally state the need for development of new or improved capabilities, and
Technical Development Plans (TDP's) document the actions, procedures and
resources required to achieve the capability stated in the SOR's. For
example, GOR-11 Air Strike Warfare states that in assessing capability to
perform the Defense Suppression Mission one must recognize that the objec-
tive is to help minimize overall strike force attrition by using escorts to
protect against surface and airborne defenses; hence, in this case, the
success criterion is based on the reguirement that the defenses do not
fire, or are relatively ineffective in their fire, during the attack by
the primary strike force and thus suppression is successful if the enemy
defensive systems are unable to effectively impede the primary mission.

sadt il
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The corresponding SOR's and TDP's then address the specific types of
weapon systems and development plans, respectively, in order to meet fore-
casted operational capability requirements for the performance of this
mission against future anticipated threats.

In the case of many new and all future programs, potential sources
of information on missions, operational roles, success and performance
criteria, and test objectives are of various types. The CNO Planning
Programming Guidance (CPPG) document describes Navy roles and missions,
and furnishes broad Navy planning guidance. CNO Program Analysis Memoranda
(CPAM) treat mission and support areas in terms of cost and capabilities,
and furnish the basis for consideration of broad program alternatives.
Science and Technology Objectives (STO's), as part of the Research and
Development Plan, describe in broad terms the Navy role and objectives
anticipated in the particular warfare area in the 10-20 year future time
frame, and describe the threat that the Navy anticipates encountering
together with the needed capabilities to neutralize or overcome this threat
in this time frame. Operational Requirements (OR's) have the purpose of
establishing the parameters for the concept or system envisioned and contain
the following: a brief concise statement of opposition forces, time frame
and the expected parameters of the threat or threat system; performance
criteria; performance goals for the intended mission; statement of an
achievable level of performance below which the development will not be
acceptable; description of the natural and opposition environment; statement
of where, how and under what environmental conditions the capability will
be employed. The Top Level Requirements (TLR) document is basically a ship
acquisition document which establishes a requirements-capability baseline
and describes the combat tasks and functions the ship is intended to perform
in the defined missfon areas. The Top Level Specifications (TLS) document
translates the TLR document into a physical ship description.

Once the overall project and specific objectives have been defined,
the types of platforms, systems, subsystems and equipments to be evaluated
or appraised must be identified, the level of evaluation (such as platform,
system or subsystem) defined, and the operational situations for evaluation
or appraisal described. For example, the warfare area of interest might be

10
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Afrborne ASW and the operational situation that of contact investigation at
the system level using a helicopter platform equipped with dipping sonar
and torpedoes. At this point in the project plan preparation process, a
decision must be made as to what measures of effectiveness should be employed.
In this example, some of the choices are: (1) detection sweep width (in nm.)
at a prescribed probability of detection, (2) probability of classification
given detection, (3) probability of localization given classification and
detection, and (4) probability of target ki1l given localization. The
Project Officer is thus confronted with having to make a choice from amongst
one or more possibilities, each of which may appear to be equally as good

as any other. If the specific objective is assessment of detection
capability, then (1) is most appropriate, whereas for the specific
objectives of classification, localization and kill measures (2), (3)

and (4) are the most appropriate, respectively. A further consideration

is that each MOE would typically have its own special data requirements

and data formulation.

Tables 2.1 — 2.3 provide a further {llustration of the fact that
for a given specific objective there generally exists more than one choice
of an MOE, each with its own special data requirements and formulation,
for the case of communications systems, ECM systems, and radar systems,
respectively.

Generally, the choice of an MOE to be used in the evaluation of
any platform, system, subsystem or piece of equipment must meet basic
requirements such as:

(1) It must directly relate to how well the specific objective
is met.

(2) It should be relevant to the mission or operational role of
interest.

(3) It should be precisely defined and expressed in terms meaning-
ful to the decision maker in order to prevent decision makers
and others from misunderstanding the implications of the MOE.

(4) It must be capable of exact quantitative definition in terms
of inputs that are measurable. If the inputs are not measure-
able, the MOE cannot be evaluated.

11
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(5) It must be feasible to measure or calculate.

(6) 1t should have exhaustive inputs and be sensitive to all
varfables and factors affecting the item (i.e., platform,
system, subsystem or equipment). By this it is meant that
anything that affects the item's effectiveness should appear
as an input to the MOE in some fashion. This assures that all
aspects that can affect the item's effectiveness are included
in the inputs.

(7) 1t, as well as its inputs, should be mutually exclusive in
the sense that no aspect should be "countad" more than once.

A final comment is that it is nearly impossible to compare a new
system with an old one when different MOE's are being used. When the quality
of the data gathered is not changing rapidly, using standard MOE's for old
and new systems will make it easier to compare them as long as the test
conditions are the same. Making a comparison using the same MOE under
differing test conditions can (and most probably would) lead to an invalid

conclusion.
3.0 MOE HIERARCHY APPROACH

Measures of effectiveness vary in structure and in formulation
according to the level of the evaluation desired. To illustrate this,
consider the area of Naval gunfire support. Here measures of effective-
ness may be broadly categorized into those applied to individual weapons,
those used to compare two types of ships, and those computed for entire
fire support forces in specific scenarios and special situations. At
the lowest level are those that apply to a single tube of a gun battery
or a single round. In this case, measures of effectiveness are the
accuracy and range of the gun, its riring rate, and the expected number
of rounds required to achieve some specified damage or casualty leveil
to a particular type of target. A first higher level measure of effective-
ness is the amount of time a battery must fire to achieve specified damage
or casualty levels against a representative spectrum of targets at various

18
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ranges. A second higher order measure of effectiveness is the percentage
of a ship's ammunition of a given type that must be expended in order to
accomplish the desired results against representative targets at various
ranges. At a still higher level of sophistication are those measures of
effectiveness which apply to the fire support force as a whole such as:
Tive target time, which is the time interval from the occurrence of a
target until some weapon system has fired the expected number of rounds
required to achieve the required effects upon the target; target firing
time, which is measured tn the impact of the first fire-for-effect volley
or salvo; the number of lost targets, that is, targets which have occurred
within the fire support system but which disappear before fire-for-effect
commences, efther because they displace and are lost to the observer or
because they close with (or are closed by) landing force units and can

no longer be attacked by the fire support system.

Generally, there are four levels of effectiveness evaluation.
These are

(1) Force (platform mix)
(2) Platform

(3) System

(4) Subsystem (or equipment)

COMOPTEVFOR Project Officers and Analysts are normally only concerned with
the selection of MOE's at the last tnree levels, that is, excluding force
level evaluations. At the platform level the Project Officer's interest
may be in how well a platform would perform in conducting a particular
type of mission or conducting given tactics in the course of following

a scenario. At this level the measure of effectiveness is sometimes
referred to as a measure of operational effectiveness (MOOE), that is, a
MOOE could be regarded as a measure of how well the Naval “unit" (such

as ship, aircraft, submarine, etc.) performs its mission or operational
roles. A related measure, called a measure of operational success (M0OS),
is a measure which considers not only the "effectiveness" as determined

by the MOOE but also the reliability and operational availability of the
equipment, subsystems and systems involved. The MOOE for a platform is

19



a function of the individual system MOE's where the platform {s regarded

as being comprised of a collection of systems. The systems then are
comprised of subsystems and so system MOE's can be expected to be functions
of subsystem MOE's. This relationship between MOE's at various levels of
evaluation is what is referred to as the MOE chain or the hierarchy of
MOE's.

In the selection of an MOE the element being supported is critical.
Since the object under evaluation either supports the next higher level in
hierarchy or the next step in the evaluation process, the MOE selected should
1ikewise be related to the next level or next step. The detection performance
of a sonar or the kill capability of a torpedo should be evaluated in the
context of the overall platform performance. This is why it is important to
go to at least one higher level of evaluation in performing effectiveness
evaluations. The MOOE is the effectiveness measure at the platform level

s
1 whereas detection probability and ki1l probability are input MOE's from the
2 system level. In Appendix A are presented illustrative examples of typical
} MOOE's that are candidates for consideration in OPTEVFOR tests and eavaluation.

As the MOE hierarchy evolves from the top level (i.e., platiorm)
to the lower levels, the nature or form of the MOE changes. At the lower
levels the MOE's become less “"effectiveness oriented" and more "perfor-
mance oriented". For example, performance oriented MOE's are given by
such quantities as detection range, tracking accuracy, and circular error
probable (CEP), whereas the corresponding effectiveness oriented (or
performance dependent) MOE's would be the probability of detection (a
function of detection range), the probability of successful tracking
(a function of tracking accuracy) and the probability of target kill (a
function of weapon CEP).

L ¥
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Furthermore, MOE's used in platform and system level evaluations
are generally functions of what are called "function MOE's", that is,
MOE's which relate to ho~ well certain necessary functions are performed
as part of the platform or system level evaluation. For example, in the
attack of an airborne target by an air-to-air missile, in order to obtain
target kill the functions of launch, guidance, fuzing and kill must be

20
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successfully accomplished. Figure 3.1 provides an illustration of this
example showing how the MOE given by single shot ki1l probability depends
on the corresponding function MOE's.

It is important to note that at the function level the MOE
depends on "other things being equal". For example, if other things
are equal, an air-to-air missile with a guidance reliability of 0.95
is clearly better than one with a guidance reliability of 0.80; however,
this functional MOE comparison does not tell us what this improvement
in guidance reliability really means operationally. The missile with
the higher guidance reliability may weigh more and thus the aircraft
must carry fewer missiles on a sortie or it may be harder to maintain
in an operational condition. Generally, a comparison between function
MOE's is not as meaningful as a comparison at the next higher level of MOE's
which depend upon these function MOE's.

A further illustration of function MOE's and their relationship
to the next higher 1&vel MOE is provided in Figures 3.2 and 3.3. Referring
to Figure 3.2, a platform level MOE is given by SSK versus Transitor effec-
tiveness for a submarine on a barrier mission with the specific objective of
detecting and killing any enemy submarine encountered in the patrol area.
In this case the functions necessary for the conduct of the mission are
detection, classification, attack and kill. The effectiveness evaluation
can be conducted at the platform level by measuring the number of transitors
killed by the SSK and the number of valid detection opportunities for the
SSK, and then computing the ratio of these two quantities. On the other
hand, depending on the circumstances of the test and the available data
samples, the individual function MOE's could be estimated as shown and then
multiplied to obtain an estimate of the next higher level MOE. Figure 3.3
provides a more detailed example of this point involving two sub-levels
(function and sub-function) in the MOE development and formulation for the
case of an ASW helicopter which is attempting to localize and attack a
submarine target.

As can be seen from these two examples, tne determination of data
requirements for MOE computation depends upon the level of evaluation being
performed. This is because the lower level MOE's are more readily evaluated,

21
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whereas the platform or system level MOE's, since they are functions of
lower level MOE's, have more complex data requirements. The general
approach to structuring data requirements is to start with the MOE (or
MOE's) selected for evaluation purposes and to identify its formulation
in terms of lower level MOE's. The next scep is to identify the formula-
tion of each lower level MOE into further lower level MOE's until one
reaches the level at which data can be readily collected. Figure 3.4
provides an 1llustration of this process in terms of taking the function
MOE's and identifying those performance parameters necessary to compute
them. Furthermore, Figures 3.1-3.3 and 3.5 provide good illustrations
of the complete decomposition of an MOE into lower level MOE's and their
corresponding data requirements in addition to specifying where one might

obtain the necessary data.

In many cases when an MOE is expressed as a function of lower
level MOE's, it is possible to collect data directly at each level in the
hierarchy so as to compute either the top level MOE or any of its dependent
Tower level MOE's. Such is the case illustrated in Figure 3.6 for detection-
type MOE's. Generally accepted detection oriented MOE's are given by the
average detection range and the probability of detection as a function of
range. The latter can also be expressed as a function of target aspect
and speed. There exists an intimate relationship between these MOE's as
11lustrated in Figure 3.6. The point to be made here is that at a particu-
lar evaluation level where more than one choice of an MOE exists, some of
these MOE's can be computed from one or more of the others. In a sense,
this implies that not only does there exist a hierarchy of MOE's between
levels of evaluation, but also there exists a hierarchy between MOE's at
a specified level of evaluation. The decision as to what level the data
should be collected depends upon such factors as available sample sizes,
statistical confidence desired in the results obtained, and the complexity
of the analysis involved. These factors would normally be an integral part

of the project plan.

In summary, key observations to be made relative to the MOE
hierarchy and the selection of MOE's are as follows:

25
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(1) MOE's for platforms, systems and subsystems depend on

the intended use of these platforms, systems and subsystems.

(2) Many times more than one MOE may be appropriate.

(3) MOE's can be combined to form higher level MOE's or,
conversely, MOE's can be expressed as functions of lower
level MOE's.

(4) Lower level MOE's are more readily measured because of
data availability, consequently, to evaluate a higher
level MOE one must know its relationship to the measurable

Tower level MOE's.

4.0 USE OF THE HANDBOOK DATA BASE

In order to establish a data base for use by Project Officers and
Analysts in the selection of measures of effectiveness and the determination
of the corresponding data requirements and MOE formulation, two types of
MOE reviews were performed.

First, a review of platform level types of MOE's, representative
of MOOE's, was performed using the results of a previously conducted study*
for the Office of Naval Research. Thesc measures of effectiveness, the
applicable missions.or operational situations, the corresponding success
criteria, and the types of systems or subsystems which could be evaluated
using these MOOE's are presented in Appendix A.

The second review consisted of an examination of previously com-
pleted OT&E reports. This review covered Concurrent Evaluations of ship-
board and airborne systems; Operational Appraisals for shipboard and
combined systems or equipments; Operational Assists for shipboard, airborne
and combined systems or equipments. The objective of this review was to
document for reference purposes the types of systems and equipments whose
test and evaluation involves the services of OPTEVFOR personnel. Not only
were specific systems and equipments identified, but so were the specific
test objectives, the measure(s) of effectiveness, the data requirements,

* "A Study of Measures of Effectiveness Used In Naval Analysis Studies",
Vols. 1-4, Ultrasystems, Inc., 31 Oct. 1972
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data sources, and MOE formulation identified. An attempt was made, even
though not including all such projects, to provide a representative sample
of this type of information for OPTEVFOR projects. The results of this
survey are presented in Table B-2 of Appendix B.

In order to facilitate the use of this OT&E data base, MOE usage
was categorized according to the platform, system, subsystem or equipment
area. Twelve basic category areas were selected representing: Afrcraft (A),
Acoustic Detection & Countermeasures (ADC), Communications (C), Data &
Display (DD), Electromagnetic Detection & Countermeasures (EDC), Fire
Control (FC), Infrared & Optical Detection (10D), Missiles (M), Navigation &
Guidance (NG), Ordnance (0), Submarines (S), and Surface Ships (SS). Within
each area the MOE information from a project report was then separated
according to the specific performance or evaluation objective for the plat-
form, system, subsystem or equipment considered. As a result, this provided
a "sorting out" of MOE's by type of i{tem evaluated based on previous MOE

usage in OPTEVFOR projects.

The basic steps to be followed in the use of this OT&E data base
by a Project Officer or Analyst can be described as follows:

Step 1  Select the platform, system, subsystem or equipment of
interest.

Step 2 From the project objectives define the specific
objective(s) of the evaluation.

:

Step 3 Use the index of Table B-3 to determine whether or not
there is information in the data base regarding the
evaluation of the platform, system, subsystem or equip-
ment of interest.

Step 4 Under the assumption that information of the type
desired is in the data base, turn to the appropriate
data item(s).

To {1lustrate these steps, suppose the Project Officer or Analyst
is interested in evaluating an air-to-surface antiradiation missile to be
launched from an aircraft. He is not interested in evaluating the performance

30
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of the aircraft (i.e., the platform) per se nor is he interested solely
in evaluating the performance of a particular subsystem of the missile.
His interest is with the missile itself. Thus, he desires to know what
measures of effectiveness could be used for a system level evaluation

of an air-to-surface missile — in particular, one whose intended target
is a surface radar. Therefore, referring to Table B-3, he observes that
under the 1isting for missiles, anti-radfation there is information in
area code M2. Turning to page B-107 in Table B-2, for the specific
objective of "ki11ing" the radar, the MOE given is the single shot kill
probability which is defined as the product of the launch, guidance and
fuze reliabilities and the kill probability against the target given a
reliable missile. The formulation is given for each of these reliability
terms and the sources of data are specified.

If the Project Officer or Analyst is interested in a platform
level type of evaluation, specifically, how well a submarine performs in
the Fixed Barrier Role, that is patrolling a particular area with the
objective of detecting and killing any enemy submarine encountered, then
referring to Table B-3 he observes that there are three items in the data
base concerned with platform level evaluations of submarines, namely, in
area code S1, items S1-1, S1-2 and S1-3. Turning to page B-139 in Table B-2,
he observes that the information he seeks is given by data item S1-1. There
the suggested MOE for this mission is given by SSK versus Transitor effective-
ness, which would also correspond to a measure of operational effectiveness.
The formulation of this MOE, the data requirements for its computation and
an explanation ¢f the data sources are provided. Should he desire to read
the report from which this infoimation was obtained, the reference is given
and, for ease of comparison and reading, the original notation as used in
the report has been preserved.

If the Project Officer or Analyst was in reality only interested
in evaluating the performance of the submarine sonar in this barrier mission,
then merely selecting a system level type of MOE for the sonar would not
suffice nor would he obtain as a result a realistic assessment of how this

K}



sonar supports the performance of the platform. For example, data item
ADC1-1 (see page B-12) contains MOE's which could be used for submarine
sonar evaluation, such as average detection range, figure-of-merit, 90%
probability of detection range and the cumulative probability of detection
as a function of range. These MOE's in themselves say nothing about the
submarine performance in this mission. How good the sonar is should be
evaluated in 1ight of what contribution it makes to overall submarine
performance, that is, we need to examine the next higher level of effective-
ness, given in this case by the MOOE called SSK versus Transitor effectiveness.
The first term, PD’ in the formulation of this measure, given by the proba-
bility that the SSK detects a transiting submarine without first being killed,
given a detection opportunity, and the second term, Pc, in the formulation

of this measure, given by the probability that the SSK correctly classifies

a transiting submarine without being killed between the time of detection and
time of classification, given that the transitor has been detected, also

could be regarded as submarine sonar MOE's. In particular, these are

function MOE's representing how well the functions of detection and classi-
fication are performed, respectively. By computing this MOOE, one can
evaluate the contribution of the submarine sonar in performing both of these
functions to the overall performance of the submarine in the barrier role.

A possible result of Step 3 may be that for the evaluation level
and platform, system, subsystem or equipment combination of interest there
is no information of the type desired in the data base. The data base is
not intended to be all-inclusive, thus exceptions will occur. However, it
may be possible that upon reviewing available information for similar
systems and equipments at perhaps a different level of evaluation the Project
Officer (or Analyst) may be able to obtain guidance as to the MOE's which
he could consider. For example, most MOE's for sonobuoys could be used
as MOE's for sonars, or MOE's for missiles are in many cases independent
of whether or not they are air-to-air, air-to-surface, surface-to-surface
or surface-to-air missiles. In any case, the data base is designed to be
a starting point in the selection of MOE's to be used in OT&E projects not
as an ending point.
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APPENDIX A

MEASURES OF OPERATINNAL,
EFFECTIVENESS FOR SELECTED
NAVAL PLATFORMS
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A-4



St e wmd dewm) aeed Gmead e

ovsd bemd

REFERENCES (Continued)

(11) Cost Effectiveness Models for Airborne ASW Search and Detection
Systems, Report #V-0513C/2.503, Veda Inc., 15 September 1967,
CONF IDENTIAL.

(12) AIR ASW MOE, ASW 14 Memo Ser. 69-003 to CNO Op-953G, Systems
Analysis Office, ASW Systems Project Office, 29 January 1969,

SECRET.

A-5



- oo

Jeuos bujddip aagyoy

R\

x

*U013J3I3IP IAL3IE Ue 03
349AU0) 07 1de@e | (IR J21dodg [y Y

‘PAAIYOT 3q ued
31 cAlaarssed 3}

UOL133313pas 2ALSsSed @
dainboeas 031 sICrIe

) aeagns pue (A0AUOD 4O 33403 ST Y YLYIIM
3203u05 IAL3Ie ue 03 I3b6awy ayy Guypjaaa 4euos Gujddip aayssed 30 uoj3Iez|(eo0] | wa0j)3e|d Swos AQ 3IDRUOD |P1liuUL ue SP
-u0> pue buiainboeas jo A31|1qeqosd aaiyeinen) () Konqouos aALssey pue U0L3D333Q | PAULLIQO) WNlep © 03 SIS 4ANdOINLIY ¥
. “3IDPIUOD JPUCS JAL1OPR
' . 53293402 anl3ow u® 01 343AV03 03 S3dwR3e 431034 (Y
03 PIJIIAUCD SALIIUMI U0132333p Jo Jquw (2) Jevos burddyp aag3oy Y1 *397u0d ayssed e Jo 3913394 uodp
uo132913p *AOAU0D 20 33403 ASP1 © WOJY IUNISIP
LelItug jo £L3111qeqoad X0G © IANSUD |1L13S pue deuos buyddip 3aysseq Jujlemgns | pALj1d2ds e aalaaeq B suleIuLTE ‘w3 SAs
pauLTIuLEem 3G UED Jeyl JItJaRq JO YIpim wnmpxey () Aonqouos aai1ssey 30 uot3I0N¥g deuos Jarssed o bupsn *‘addodiqay y-
*39bae3 ay3 12933p3a
03 340053 Y3 W04 SAL|J 23}1d0d
updew | -113Yy ¥y “aeuos bues-6uoy s,340153 ve
uo133333p jo A3tiqeqoad (1) fongoucs | -qns JO u013INIIQ | Aq PIIIAIAP IS414 SL Fulaemns AUl vy
*0padi03 ® saydune| fue wniep 03
opadaoj 531 (3 UIY) 433dodL[aY 2y) ‘Quk 4O Jeuos
ujJemgns | burddip buisn pajduaize sy uoglezi|ero|
1L pue o 30 L11Y pue volIeZ ‘v0113933p vodn -aevos butddip buisn
VOLITZ||PI0] ‘vO13IIIP ujawaqns 0 L)1 (1qeqoag (1) Jeuos Gupddig | -1{®I0] *v01313333Q Jujsewqns e 40) saydueas aandodn|ay y
muu...wmwuum 30014 G31VYNvA3 NOTY3LIWD NOIIVRLIS TvniTlivdde/in1cs
1 INWdIND3 $S320nS
! / SIEIASAS
SS3UIAL]DI9}1T —m:o.-uagoao 40 S34anseady gounou.——wz ¢-V 38yl

-— - e rome -




REFERENCES: Table A-2

(1)

(2)

(3)

Single Helicopter Tactical Eifectiveness Study, SAG Technical
Memorandum 67-3, Systems Analysis Office, ASW Systems Project
Office, August 1967, CONFIDENTIAL.
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Submarines as ASW Escorts for Attack Carriers, DHWA Log No. 15-950,
Daniel H. Wagner Assoc., 17 October 1966, SECRET.
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Analyses, 15 April 1969, SECRET.

A Naval Anti-Air Warfare Model Emphasizing Accessibility in Defense
System Optimization and R&D Decision-Making, USNROL-TR-978, U. S.
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TABLE B-1 OT&E Project Areas

AREA
Aircraft
Acoustic Detection & Countermeasures
Communications
Data & Display
Electromagnetic Detection & Countermeasures
Fire Control
Infrared & Optical Detection
Missiles
Navigation & Guidance
Ordnance
Submarines

Surface Ships
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TABLE B-2 Operational Test & Evaluation

MOE Data Base
Area: Aircraft (A)
CODE ITEM
Al Attack Aircraft (F8U-2)
A2 ASW Afrcraft (S-2G)
A3 Fleet Defense Aircraft
A4 ASW Helicopter
Ad-1 SH-3A
A4-2 SH-3H
A4-3 DASH
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Al

AIRCRAFT (A)

Al - Attack Aircraft

DESCRIPTION: This is a carrier based airplane designed for a primary mission
of a day or night visual fighter.

(1) SPECIFIC OBJECTIVE: Evaluate the capability of the airplane to intercept
approaching targets while under ground controlled intercept.

MOE = Average kill distance, which is defined as the distance
from CAP station to suc:essful intercept of target

REFERENCE: Final Report on Project OP/V264/VV
“Evaluation of the F8U-2 Afrcraft"
21 March 1960, UNCL.

Sl cndas



A2

" A2 - ASW Afrcraft

DESCRIPTION: This is a modified S-2E airplane with enhanced ASW capability.
It contains passive directional sonobuoys, processing and display equipment,
an acoustic data processor, tape recorder and sonobuoy receiver.

(1) SPECIFIC OBJECTIVE: Evaluate submarine detection capability vsing
sonobuoys .

(MOE)] = Mean time from initial sonobuoy drop to target initial
1ine-of-bearing

(MOE)2 = Mean range from sonobuoy to submarine at determination
of initial DIFAR line-of -bearing

(MOE)3 = Probability of obtaining an initial DIFAR 1ine-of-bearing

(Nunber of times initial DIFAR)
1ine-of-bearing was obtained
Number of detection attempts

(2) SPECIFIC OBJECTIVE: Evaluate submarine loci'ization capability using
sonobuoys .

(MOE)] = Average time from the initial DIFAR 1ine-of-bearing
to the designation of the initial EP (estimated
position)
(MOE)2 = Mean EP error
(MOE)3 = Mean DFX (DIFAR fix) error
(MOE)4 = Circular error probable (CEP) about the mean EP
(MOE)5 = Circular error probable (CEP) about the mean DFX
(MOE)6 = Mean number of EP's generated prior to generation of a DFX
(MOE)7 = Mean time from EP to designation of a DFX
(MOE)8 = Mean time from initial contact to designation of a DFX
(MOE)9 = Average number of sonobuoys required to generate a DFX
(MOE)IO' Mean time from the designation of an actual DFX to active
pattern completion
(MOE)11- Average number of DIFAR sonobuoys required to generate
an initial EP



A2

ASSUMPTION: A DIFAR fix (DFX) is defined as that EP so designated by
the flight crew; normally, the final EP prior to commencing active

prosecution.

REFERENCE: Final Report on Project P/V3
"Conduct an Operational Appraisal of the S-2G Weapon System"

11 Sept. 1972, SECRET
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A3

A3 - Fleet Defense Aircraft

DESCRIPTION: This system is designed to provide a quick reaction, all-
weather fleet defense capability against enemy surface-to-surface missile
launch vessels. The aircraft is equipped with an air-to-surface missile
system, '

(1) SPECIFIC OBJECTIVE: Evaluate capability using airborne radar to
agetect surface vessels.

(MOE)1 = Probability of target detection as a function of aircraft

alticude

» Number of detections
Number of detection attempts

(MOE)2 = Average detection range

(2) SPECIFIC OBJECTIVE: Evaluate capability using airborne radar to acquire
surface ve;se]s.

(MOE)1 = Probability of target acquisition given detection
o Number of acquisitions
umber of detections
(MOE)2 = Average acquisition range
(3) SPECIFIC OBJECTIVE: Evaluate capability using airborne radar to track
surface vessels.

MOE = Probability of maintaining radar target track up to
missile firing as a function of aircraft altitude,
target speed, sea state, attack angle and target aspect
(Number of successful radar)

= \tracking tests
Number of radar tracking tests

(4) SPECIFIC OBJECTIVE: Evaluate missile attack capability of surface
vessels,
MOE = Probability of successful missile-target intercept as
a function of aircraft altitude, attack angle, launch
range, sea state and target aspect

B-6
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A3

Final Report on Project F/0255
"Conduct a Fleet Operational Investigation of Guided Missile

AIM-7E-2 (Sparrow) as an Antiship Missile"
17 Oct. 1972, SECRET
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A4

A4 - ASW Helicopter
Ad-1

DESCRIPTION: This is an ASW Helicopter Attack System (HATS) which is a
standard SH-3A helicopter modified to incorporate multiple ASW sensors
and display equipments. This system is designed to permit a single
unassisted helicopter to localize and attack a high speed submarine.

(1) SPECIFIC OBJECTIVE: Evaluate localization and attack capability.

MOE = Probability of successful localization and attack
of a submarine for given localization method

(Number of times localization and attack)

were successful
umber of localization and attack)

attempts

(2) SPECIFIC OBJECTIVE: Evaluate localization capability.

(MOE)] = Probability of successful conversion of a sonar

contact to sonobuoys

(Number of times conversion from a sonar contact)
to sonobuoys was successful

(Number of sonar to sonobuoy conversion)

attempts

(MOE)2 = Probability of successful conversion of a sonar

contact to MAD

(Number of times conversion from a sonar)
= \contact to MAD was successful
(Number of sonar to MAD conversion)
attempts

Probability of successful conversion of a single
buoy contact to a MAD contact

(Number of times conversion from a single buoy)
contact to a MAD contact was successful
(Number of single buoy to MAD conversion)
attempts

(MOE)3

Probability of successful conversion of a sonar
contact to sonobuoys to a MAD contact

(MOE),

(Number of times conversion from a sonar contact)
to sonobuoys to a MAD contact was successful
(Number of sonar to sonocbuoy to MAD conversion
attempts )
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REFERENCE: Final Report on Project F/0214
"Fleet Operational Investigation of the ASW Helicopter Attack

System (HATS)"
3 March 1967, CONF.

A4-2

DESCRIPTION: This helicopter is designed to provide a multisensor, multi-
mission capability. It has primary missions of ASW (antisubmarine warfare)
and ASHMD (anti-ship missile defense).

(1) SPECIFIC OBJECTIVE: Evaluate self navigation capability.

MOE = Circular error probable (CEP) of transit to datum navigation
error as a function of range to datum

(2) SPECIFIC OBJECTIVE: Evaluate sonobuoy drop accuracy.

MOE = Circular error probable (CEP) of sonobuoy drop error as
a function of pattern spacing

(3) SPECIFIC OBJECTIVE: Evaluate passive acoustic localization capability
using sonobuoys.

(MOE)1 = Median time to establish an EP (esti. :ed position)
(MOE)2 = Mean time to establish an EP

(MOE)3 = Median EP error

(MOE)4 s Mean EP error

(MOE)5 » Probability of establishing an EP

(Number of trials that resulted 1n)

the establishment of an EP

(NumEEr of passive acoust1C)
localization trials

(4) SPECIFIC OBJECTIVE: Evaluate initfal attack capability.

MOE = Probability of valid attack

o Number of valid attacks
umber of attacks

(5) SPECIFIC OBJECTIVE: Evaluate active datum redetection and attack

capability.



A4

(MOE)1 = Probability of redetection

« Number of valid redetections
( umber of active datum redetect on)
and attack trials

(MOE)2 = Probability of valid attack given redetection

(Number of valid attacks)

after redetection
umber of va redetections

REFERENCE: Final Report on Project P/V4
"Conduct an Operational Appraisal of the SH-3H Weapons System"

2 Oct. 1973, SECRET
A4-3

DESCRIPTION: This is a drone ASW helicopter (DASH) which is designed to
position an unmanned helicopter over a submarine contact, to drop homing
torpedoes on the contact, and to return the drone to the ship under all

weather conditions compatible with the operation of helicopters.
(1) SPECIFIC OBJECTIVE: Determine weapon delivery capability.

MOE = Median total attack error, which is defined as the
distance between the weapon water entry position
and the aimpoint based on the target's actual position,
course and speed at time of weapon water entry.

REFERENCE: Final Report on Project C/S18 FY61
"Evaluation of the DASH System Using the USS Hazelwood
and DSN-1"
7 Aug. 1961, CONF.



TABLE B-2 Operational Test & Evaluation
MOE Data Base (Continued)

Area: Acoustic Detection & Countermeasures (ADC

ADC7

ADC8
ADC9

ITEM

Sonar

Submarine Sonar (AN/BQR-16, AN/BQR-19)
Towed Array Sonar (AN/BQR-15)

Surface Ship Sonar (AN/SQQ-23)

Mine Detection/Classification Sonar
(AN/SQQ-14, AN/SQQ-16)

Command Active Sonobuoy System (CASS)
Sonobuoy (AN/SSQ-20, AN/SSQ-1)

Submarine Classification and Tracking
Device (SCAT)

Electro-Acoustic Decoy (NIXIE)

Acoustic Nofsemaker (NAE Beacon Mk 3
Mod 1)

Acoustic Minesweeping Device
(ROTOVAC 6X, ROTOVAC 7X)

Acoustic Intercept Receiver (AN/WLR-9)

Submarine Acoustic Warfare System
(SAWS)
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ACOUSTIC DETECTION & COUNTERMEASURES (ADC)

ADC1 - Sonar

ADC1-1 Submarine sonar

DESCRIPTION: This is a passive sonar system designed to provide sub-
marines with a capability to passively detect and track surface targets.

(1) SPECIFIC OBJECTIVE: Determine detection capability.
(MOE)] = Average detection range against surface ships

(MOE)2 = Figure of merit
= SL - NL + DI -RD

where
SL = target radiated noise level
NL = background noise level
DI = directivity index
RD = recognition differential, which is defined as the
signal-to-noise ratio at which the probability of
detection is 50%.

(MOE)3 = 90% probability of detection range as a function
of target relative bearing sector (forward or
hindsight), target type, target speed and iso-
thermal layer depth

(MOE)4 = Cumulative probability of detection as a function

of range

REFERENCES: (1) Final Report on Project C/S56
"Conduct a Concurrent Evaluation of the AN/BQR-16
HINDSIGHT Sonar"
16 Feb. 1970, CONF.
(2) Final Report on Project C/S61
"Conduct a Concurrent Evaluation of the AN/BQR-19 Sonar
System"
13 May 1970, SECRET

B-12
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(MOE)] =

(MOE)Z =

ADC1

ADC1-2 Towed Array Sonar

DESCRIPTION: This is a low frequency, passive, towed array sonar which
is designed to detect surface vessels and submerged submarines including

nuclear submarines.

(1) SPECIFIC OBJECTIVE: Determine detection performance.

(MOE)] = Probability of detection as a function of range
for given target relative bearing sector (bow,
beam, stern), target depth in relation to isothermal
layer bcundary (layer separation, no léyer separa-
tion), target speed, target type, and own ship speed
« Number of detections
Number of opportunities
(MOE)2 = 50% detection range, which is defined as the range
to target at which the cumulative probability of
detection is 50%
(MOE)3 = Figure of merit, given target relative bearing
sector, line spectrum, target speed, and target type
= SL - NL +0I -RD
where
SL = target radiated noise level
NL = background noise level
DI = directivity index
RD = recognition differential

(2) SPECIFIC OBJECTIVE: Evaluate classification capability.

Probability of a correct classification as a
function ot target speed, target type, and
target relative bearing sector

Nunber of correct classifications
er of classifications made

Average time to classify after making a detection

REFERENCE: Final Report on Project C/S59
“Conduct a Concurrent Evaluation of the AN/BQR-15 Sonar System"

26 June 1970, SECRET
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ADC1-3 Surface ship sonar

DESCRIPTION: This is a computer coordinated, high powered, simultaneous
active/passive sonar system which utilizes the direct propagation path.
The major features of the sonar are a simultaneous search while tracking
capability, digital computer control and signal processing, and semi-
automatic performance monitoring and fault localization.

(1) SPECIFIC OBJECTIVE: Determine detection performance against submarine
targets.

(MOE)1 = Range for 50% cumulative probability of detection
for given target characteristics(in-layer or
below-layer, deep water or shallow water, aspect
angle)

(MOE)2 = Probability of target detection

. Number of detections
* Number of opportunities

(MOE)3 = Mean detection range

(MOE)4 = Cumulative probability of detection versus range
for given target characteristics (in-layer or
below-layer, deep water or shallow water, aspect
angle, mean wind velocity, mean sea state, mean
target depth (keel) and mean layer depth)

(2) SPECIFIC OBJECTIVE: Determine classification performance.

(MOE), = Probability of correct classification
1

o Number of correct classifications
* Number of classification events

(MOE)Z = Probability of classifying a submarine as a
submarine

(Numbor of times submarine target waS)

classified as submarine

(NumBZr of classification events 1n)
which sonar target was submarine

(MOE)3 = Probability of classifying a non-submarine as a
submarine

(Number of times non-submarine target was)

classified as submarine

(NumBEr of classification events T‘"ihich)
sonar target was non-submarine

B-14
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(MOE)4 = Probability of classifying a submarine as non-
submarine

- Number of times submarine target was)
. \classified as non-submarine
(NumBer of classification events in wﬁicﬁ)
sonar target was submarine

(MOE)5 = Probability of an incorrect classification
occurring

. Number of incorrect classifications
Number of classification events

= (MOE)6 = Probability of an undetermined classification

Number of times submarine targets and non-
submarine tar?ets were unclassified

" . éundetermi ned
. umber of classification events

(MOE)7 = Probability of a sonar target submarine -
classified as submarine event occurring

(Number of times sonar target submarine -)
classified as submarine event occurred
Number of classification events

(MOE)8 = Probability of a sonar target submarine -
classified as non-submarine event occurring

(Number of times sonar target submarine - )
classified as nor-submarine event occurred
“Number of classification events

(MOE)9 = Probability of a sonar target non-submarine -
classified as submarine event occurring

(Number of times sonar target non-submarine j
classified as submarine event occurred
mber of classification events

(MOE)]0 = Probability of a sonar target non-submarine -
classified as non-submarine event occurring

(Number of times sonar target non-submarine -)
classified as non-submarine event occurred
Number of classification events

(MOE)II = Probability of a sonar target submarine -
unclassified event occurring

(Number of times sonar target submarine - 3
unclassified event occurred ) :
r of classification events |
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(MOE)12 = Probability of sonar target non-submarine -
unclassified event occurring

(Number of times sonar target non-submarinej
unclassified event occurred
“Number of classification events

(MOE),, = Probability of a missed opportunity
13
<Number of times sonar target submarine ->

classified as non-submarine events or
sonar target submarine - unclassified

. \events occurred
(Number of classification events in which)
sonar target was submarine

(MOE)]4 = Clue availability, which is defined as the
probability of a clue being present

. Number of times clue used
Number of classifications made

(MOE)]5 = Clue reliability, which is defined as the prob-
ability of a correct classification when the

clue was used

(Number of correct classifications when the)

clue was used
Number of times clue was used

(MN-.')]6 = Clue effectiveness, which is defined as the
probability that the clue was present and a
correct classification occurred

(Number of correct classifications when)
. .the clue was used
Number of classifications made

(NOE)]7 = False alarm rate, which is defined as the mean

time between false alarms

. Jotal time of detection exercise
( umber of sonar target non-submarine -)
classified as submarine events

B-16
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ASSUMPTIONS :
(1) Classification events consist of six possible types,

namely, either submarine or non-submarine targets and
then for each type of target it is either unclassified,
classified as submarine cr classified as non-submarine.

(2) The operator correlates active and passive detections
of the same target in making a classification.

(3) The event counted was the final classification that
occurred in time, regardless if it was entered on a
passive or active track. This was done in order to
avoid double classification on the same target and
assumed that the operator utilized all available
information.

(4) Typical clues are TCD (target center display) echo
length, echo intensity, echo quality, echo consistency
and echo smoothness.

(3) SPECIFIC OBJECTIVE: Determine tracking capability by mode of operation
| (alerted or non-alerted).
I (MOE)] = Mean percent range error for given tracking
' interval (target range interval)
' (MOE)2 = Mean bearing error (deg) for given tracking
interval (target range interval)
(MOE)3 = Mean in-range error (yds) for given tracking
interval (target range interval)
I (MOE)4 = Mean cross-range error (yds) for given tracking
interval (target range interval)
(MOE)g = Mean tracking radial error (yds)

Jot b ) G femg  Geend

-

(MOE)6 = Radial probable error of observed target position
ASSUMPTIONS:
(1) For the purposes of analysis, the true target position
i was assumed to be a predicted target position obtained
from a 1inear least square process using a moving
sequence of the latest ten tracking observations.

B-17
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(2) The track quality vector (Q-number) is an estimate
of the difference error in position between the true
target position and the sonar measured position.

(3) Radial probable error is the radius of the circle
around the superimposed or mean prediction range
positions in a range interval or moving interval such
that 50% of the Q-vectors terminate inside the circle.

REFERENCE: First Partial Report on Project P/S! (Phase 1)
"Conduct an Operational Appraisal of the AN/SQQ-23 Sonar System”
19 Aug. 1971, CONF.

ADC1-4 Mine Detection/Classification Sonar

DESCRIPTION: This is a sonar system whose purpose is to detect and classify
mine-1ike objects.

(1) SPECIFIC OBJECTIVE: Determine mine detection capability.

(MOE)] = Probability of mine detection

« Number of mine detections
Number of detection opportunities

(MOE)2 = Probability of mine detection versus range
(Number of mine detections withhv
- ﬁiven range band
( umber of detection opportun1t1es)
within given range band
(MOE)3 = Mean initial detection range

(MOE), = Detection probability of mines as a function of
searz? path width .or lateral range from ship's
trac

(Number of mine detections within specified search)

th width
(ﬁumﬁer of mines within specified search path )
width

(MOE)5- Average slant range at which bottom objects were
detected

B-18
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(MOE)6 = Average number of objects detected per run
o Number of gb{egtg detected
umber of va runs
(MOE)7 = Percent of mines and minelike objects detected
- Numggr of mines and minelike objects detected 100
( urber of detection opportunities for mines )
and minelike objects
(MOE)8 = Percent of mines detected
« Numbeir of mines detected X 100
Number of detection opportunities for mines

(MOE)9 = Percent of total detections which were mines

« Number of mines detected X 100
( er of detection opportunities for mines)

and minelike objects

ASSUMPTION: Criterion used for detection was: 11lumination of a
bottom object by the sonar, recognition of this illumination on the

search indicator PPl scope by the operator, and the determination and

~marking of the range and bearing of the {1luminated object.
(2) SPECIFIC OBJECTIVE: Evaluate mine classification capability.

(HOE)] = Average slant range at which contacts were classi-
fied, i.e., the slant range at which a contact,
which has been detected and transferred to the
classify indicator B-scope, is initially classified

(MOE)2 = Probability of correct classification of mines

(Number of correct classifications of mines as)

il minelike
(NEEBZF'37c1assifiEation attempts on mines )

(including regained contacts)

(MOE) s Percent correct classifications of minelike non-
3 mine objects as non-mine

(Number of correct classifications of non-)

o'\Minelike obqects
(Niﬁser of classification attempts on non- )x 100
minelike objects (including regained contacts)
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Percent detections classified

Number of classifications made at least once X 100
Numgir of mines and minelike objects detected

Percent correct classifications at least once

(MOE) ,

(OE)

Number of classifications correct at least once X 100
umber of classifications made at least once

Percent detection opportunities detected, classified
and classified correctly at least once

= Number of classifications correct at least once y 449
( umber of detection opportunities for mines and )

minelike objects

(MOE)

(MOE)7 = Mean time required to classify a mine as minelike after
gaining initial contact

REFERENCES: (1) Final Report on Project C/S12 FY 61
"Concurrent Evaluation of the AN/SQQ-14 Mine Classifying/
Detecting Set"
3 Dec. 1962, CONF.
(2) Final Report on Project 0/S153
"Conduct an Operational Evaluation of the Mine Detection/
Classification Sonar Set AN/SQQ-16"
4 Aug. 1970, CONF.
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ADC2 - Command Active Sonobuoy System (CASS)

DESCRIPTION: This system consists of sonobuoys, a command signal generator
and a signal data processor which operates in conjunction with the sonobuoy
receivers. The sonobuoys are radio controlled and launched from an airplane
to detect, locate, track and classify underwater targets. This system is
designed to provide the airplane with a command-active sonar capability.

(1) SPECIFIC OBJECTIVE: Evaluate the detection capability of the system
against submarines.

(MOE)1 = Cumulative percentage of contacts as a function
of range and pulse mode
(MOE)2 = Mean maximum contact range

ASSUMPTIONS :
(1) Contact percentage is the ratio of the number of trials

in which target contact is gained to the total number

of trials conducted for a given set of test variables.
(2) Contact range is the range at which contact was lost

on an outbound transit and gained on an inbound transit.

(2) SPECIFIC OBJECTIVE: Evaluate the capability of the aircraft to con-
vert from passive DIFAR fixing to a CASS detection.

MOE = Probability of conversion to at least one valid
echo as a function of DIFAR fix error

« Number of successful conversions
Number of conversion attempts

(3) SPECIFIC OBJECTIVE: Evaluate CASS/MAD localization capability.

MOE = Localization success percentage

(Number of times localization)
is successful

Number of TocaTization attempts * |00

(4) SPECIFIC OBJECTIVE: Evaluate the capability of the airplane to reattack
submarine contacts.
MOE = Percent successful reattacks, c.lled the reattack
success rate

« Number of successful reattacks 100
umber of reattack attempts
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(5) SPECIFIC OBJECTIVE: Evaluate active tracking capability.

(MOE)] = Percent contact time on at least one buoy as a
function of range and sea state

(Tota1 contact time on at least)

one buoy

* “Total opportunity time x 100

(MOE)2 = Percent contact time on at least two buoys as a
function of range and sea state

(TotaI contact time on at least)
two buoys

* “Yotal opportunity time x 100

ASSUMPTION: The time during which the submarine is within sono-
buoy range is the opportunity time.

(6) SPECIFIC OBJECTIVE: Evaluate classification capability.

(MOE)1 = Yalid contact percentage as a function of pulse
mode

. Number of valid contacts reported ., 140
Total contacts reported :

(MOE)2 = False contact percentage as a function of
pulse mode

o Number of false contacts reported x 100
otal contacts report :
REFERENCE: First Partial Report of Phase II on Project 0/V84
"Conduct an Operational Evaluation of the Command Active

Sonobuoy System (CASS)"
30 August 1971, CONF.
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ADC3

ADC3 - Sonobuoy
DESCRIPTION: This sonobuoy {s designed for launching from ASW aircraft
for the purpose of detecting and tracking submerged cavitating submarines.

(1) SPECIFIC OBJECTIVE: Determine bearing accuracy.

(MOE)] = Average bearing error
(MOE)Z = Average bearing error as a function of target azimuth

(2) SPECIFIC OBJECTIVE: Evaluate detection capability.

(MOE)1 = Average maximum detection and tracking range as a
function of aspect (bow or stern)

(MOE)2 = Average maximum detection range

(MOE)3 = Percentage detections versus range for given target
aspect

(3) SPECIFIC OBJECTIVE: Evaluate sonobuoy reception capability.

MOE = Average maximum radio frequency (RF) range as a function
of type of approach (inbound or outbound)

ASSUMPTIONS:

(1) The maximum outbound range is that range at which either the
compass signal or the audio signal is lost.

(2) The maximum inbound range is that range at which both compass
and audio signals are regained.

(4) SPECIFIC OBJECTIVE: Evaluate sonobuoy classification capability.
MOE = Percentage classifications versus range for given target
aspect
(5) SPECIFIC OBJECTIVE: Evaluate sonobuoy capability to fix the posttion
of a submarine.

MOE = Average radial fix error as a function of range and angle

(6) SPECIFIC OBJECTIVE: Evaluate capability to convert sonobuoy bearings
to MAD detections.
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MOE = Percent MAD conversions

J, o Number of MAD marks
umber of runs x 100
]. REFERENCES: (1) Final Report on Project OP/V218/J15-11
"Tactical Evaluation of the AN/SSQ-20 Passive Directional
}T Sonobuoy in ASW Operations"

25 Nov. 1960, CONF.
{ (2) Final Report on Project 0/V42 FY64

= "Conduct an Operational Evaluation of the AN/SSQ-1
- Directional Listening Sonobuoy"
1 5 Oct. 1964, SECRET

. (3) Supplementary Report on Project C/V2 FY6!
"Lofar Detection and Classification Capability Against USS
Nautilus (SSN-571)"
8 Feb. 1963, SECRET
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ADC4 - Submarine Classification and Tracking (SCAT) Device

DESCRIPTION: This device is a mechanical nuise maker which, when attached
to the hull of a moving submarine, generates noise that can be tracked by

a destroyer's sonar.

(1) SPECIFIC OBJECTIVE: Determine the surface ship's ability to classify
and track a submerged submarine using the SCAT device.

(MOE)1 = Average detection range of submarine with
SCAT device attached
(MOE)2 = Average maintenance of contact range

(2) SPECIFIC OBJECTIVE: Determine the capability of a SCAT device to hit
and attach to the hull of a submerged submarine.

(MOE)1 = Probability of hit

« Number of hits recorded
umber of rounds fire

(MOE)2 = Probability of hit and attachment

(Number of devices which hit and)
attached to the submarine
Number of rounds fired

(MOE)3 = Probability of hit, attachment and
proper operation
(Number of devices which hit and attached )

« Jto a submarine and then operated properly
er of rounds fir

REFERENCES: (1) Final Report on Project C/S25 FY62
"Concurrent Evaluation of SCAT Using Hedgehog Delivery"
4 Sep. 1962, CONF.

(2) Final Report on Project C/V10 FY64

"Concurrent Evaluation of Airborne Dispensing System for
Submarine Classification and Tracking Device (SCAT), Mk 1
Mod 0"
28 Sep. 1964, CONF.
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ADC5 - Electro-Acoustic Decoy

DESCRIPTION: This system is designed for the profect1on of destroyer-
type ships from acoustic homing torpedoes. It is a towed acoustic
projector that transmits a selectable variety of sound signals into the
sea to decoy torpedoes away from the intended target ship.

(1) SPECIFIC OBJECTIVE: Determine ability of system to decoy passive
torpedoes.

(MOE).| = Percent time decoy controlled the torpedo
Total amount of time
Ig:;ld:m::2t1:;15ime +[ torpedo spent search-
enced by deco ing after acquiring
y decoy x 100

(Totﬂ run time after the torpedo enab]ed)
until first hit or motor cut-off

(MOE)2 = Probability of preventing a hit on the target ship

« ] . Number of hits on target shi
umber of va torpedo runs

ASSUMPTIONS :
(1) If no countermeasure is present, the torpedo would hit the target

ship on initial attack.
(2) The target ship is unaware of the torpedo being launched and
therefore remains on steady course and speed.

(3) The target ship was considered to be hit when either the torpedo
entered a given length line conformal to the edges of the target
ship or the torpedo was looking within a given azimuth angle of the
target ship's propellers and had entered a circle of given radius
about the propellers.

(4) valid torpedo runs are based on subtracting from the number of
torpedo launches the number of runs with torpedo malfunctions,
improper geometry, erratic torpedo behavior, lost torpedoes,
improper torpedo settings and decoy off.

REFERENCE: Final Report on Project C/S63

"Evaluate the NIXIE Torpedo Countermeasure System"
21 April 1971, SECRET

B-26



ADC6

ADC6 - Acoustic Noisemaker
DESCRIPTION: This {s an expendable, elec’ ‘0o-mechanical, broadband acoustic
nojsemaker designed as a torpedo countermeasure.
(1) SPECIFIC OBJECTIVE: Determine capability of roisemaker to decoy
torpedoes.
MOE = Probability uf decoying a torpedo
. Number of runs on which torpedo was decoyed
umber of va torpedo runs

ASSUMPTION: To be considered effective the beacon must prevent the torpedo
from compieting an attack on the target at anytime during the operation of

the beacon.

REFERENCE: Final Report on Project 0/597
"Conduct an Operational Evaluation of the NAE Beacon Mk 3 Mod 1"
28 July 1967, SECRET
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ADC7 - Acoustic Minesweeping Device
DESCRIPTION: This 1s a motor-driven, cavitation-type acoustic minesweeping
device which is designed to counter acoustic sea mines by generation of

broadband sound.
(1) SPECIFIC OBJECTIVE: Determine minesweep capabilities of device.

(MOE)] = Maximum lateral actuation range for given mine
type and depth

(MOE)2 = Sweep width against a given mine type and depth
+00

» f p(x) dx

0

k (Nunber of actuations)

x 2 Z in range band 1

= (Number of opportunities
in range band i

(Length of )
range band 1

where
p(x) = lateral range probability of detection function

k = number of non-overlappins range bands

REFERENCE: Final Report on CNO Project C/S44
“Concurrent Evaluation of the Minesweeping and Clearance
System S26-01, 200-HP Cavitation Acoustic Sweep Device,
ROTOVAC 6X and 100-HP Cavitation Acoustic Sweep Device
ROTOVAC 7Xx"
6 Dec. 1968, SECRET
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ADC8 - Acoustic Intercept Receiver (AIR)

DESCRIPTION: This device is designed to automatically alert submarine
personnel to active underwater acoustic signals emitted from other

platforms and/or weapons.
(1) SPECIFIC OBJECTIVE: Determine detection capability against active
acoustic torpedoes.
MOE = Cumulative probability of detection versus range
(2) SPECIFIC OBJECTIVE: Determine detection capability against active
search sonars and active sonobuoys.

(MOE).I = Average detection range as a function of active
sonar type, AIR platform depth, active sonar
transducer depth and layer depth

(MOE)2 = Average range advantage over counterdetection

« Average detection ran$e
verage counterdetection range

(3) SPECIFIC OBJECTIVE: Determine ability to detect underwater communications.

MOE = Average detection range

REFERENCE: Final Report on Project C/S7)
"Conduct a Concurrent Evaluation of the AN/WLR-9"

18 Nov. 1971, SECRET
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ADC9 - Submarine Acoustic Warfare System (SAWS)

DESCRIPTION: This system is designed to provide enhancement of the ability
to detect and classify acoustic emissions from active and passive targets.
It provides for an automatic sonar alert upon receipt of radiated line
spectrum from a torpedo or platform.

(1) SPECIFIC OBJECTIVE: Evaluate detection capability of sonar system in
conjunction with this subsystem.

MOE = Average detection range as a function of submarine type,
submarine speed and torpedo approach bearing

(2) SPECIFIC OBJECTIVE: Evaluate sonar system classification capability
in conjunction with this subsystem.

(MOE)] = Percent correct classification given detection

. Number of correct classifications , |44
Number of detections

(MOE)2 s Percent runs on which both detection and classification

occurred

(Number of runs on which detection and)
classification occurred
Number of valid runs

(MOE)3 s Percent runs on which both detection and correct
classification occurred

(Number of runs on which detection and)
correct classification occurred
Number of valid runs

(MOE)4 = Average classification time when correct
(MOE)5 = Average classification time when incorrect

x 100

x 100

(3) SPECIFIC OBJECTIVE: Evaluate capability of suimarine to react to
impending torpedo attack.

MOE = Probability of detection, correct classification and
successful evasion
=Py Py Py

where
Pl = probability of timely detection and classification
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. Number of detection and classification successes
umber of valid runs

£ (T),T,T50T,)
* Number of vavid runs

(NOTE: For determination of f see assumption.)

Pz = probabi1ity of correct classification given detection

« Number of correct classifications
Number of detections

P3 = probability of successful evasion
= 9(Ty)
(NOTE: g is determined using a simulation program developed by
the Naval Coastal Systems Laboratory.)

T] = minimum time available to successfully evade, which represents
the time prior to impact at which evasion action must begin
in order to be successful

T2 = time to impact, which represents the time from torpedo

detection to torpedo impact if no evasive action were to
be taken and tiie torpedo ran a direct intercept course
T3 = time to classify
T4 = time for 00D reaction

ASSUMPTION: If T2 - T1 > T3 + T4. then a run is considered to be
successful in terms of detection and classification; otherwise,
unsuccessful. In other words, the MOE is established by measuring
detection range, converting that to time to impact and, after sub-
tracting reaction time, assessing whether or not sufficient time
remains to successfully evade the torpedo.

REFERENCE: Final Report on Project C/S85
"Concurrent Evaluation of SAWS (Submarine Acoustic Warfare

System)"
7 Dec. 1973, SECRET
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Area:

Communications (C

TABLE B-2 Operational Test & Evaluation
MOE Data Base (Continued)

ITEM

UHF Transceiver (AN/WSC-3)
Sounder Receiver System (SRS)
Report Receiver-Transmitter (RRT)
Radio Transmitter (AN/WRA-3)

Data Communications Set (HICAPCOM)
Drone Control Set

Message Processing and Distribution
System (MPDS) and Facilities Control
System (FCS)
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COMMUNICATIONS (C)

C1 - UHF Transceiver

DESCRIPTION: This is designed to provide a satellite communications capabil-
ity for small ships and submarines. It also has a line-of-sight (LOS) mode

which provides for direct path communications between stations.

(1) SPECIFIC OBJECTIVE: Determine the adequacy of voice communications for

both plain voice and secure voice.
(MOE)1 s Mean error rate, which is defined as the
number of words missed per 25-word message
(MOE)2 = Probability that a rhyme word transmitted by
this system is correctly interpreted

(Average number of words )
wrong per N-word message/
N

s ] -

= Percent sentence intellig ty
(MOE)3 P intelligibili

(NOTE: (MOE); 1s determined from (MOE), using a
conversion scheme developed in "Speech Intelligibility
in Naval Aircraft Radios", NELC Report, 2 Aug. 1972.)

(2) SPECIFIC OBJECTIVE: Determine teletype communications performance.

(MOE)I = Mean character error rate, which is defined
as the average number of character errors
per 1000 character message as a function of
satellite elevation angle

(MOE)Z = Gross error rate, which is defined as the
percent of messages that had more than 10
character errors per 1000 character message
as a function of satellite elevation angle

(3) SPECIFIC OBJECTIVE: Determine data communications performance.

MOE = Bit error rate, which is ¢ “ined as the number
of bits missed per second for a given data
rate (in bits per second) and transmission mode
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REFERENCE: Final Report on Project 0/5181
“Conduct an Operational Evaluation of the UHF Satellite Ship/

Submarine SATCOM Terminal (AN/WSC-3)"
7 Jan. 1974, CONF.
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C2 - Sounder Receiver System (SRS)

DESCRIPTION: This is a specialized high frequency radio receiver which
receives a signal consisting of a specified number of discrete frequencies
from a sounder transmitter. These frequencies provide an indication of the
bands of frequencies which may be propagating within a specified range band
when received and displayed by the Sounder Receiver System.

(1) SPECIFIC OBJECTIVE: Determine consistency of SRS optimum antenna

determination.
MOE = Number of usable CER's
otal number o determinations
where

CER = character error rate, which is that number
of erroneous characters received on a tele-
type versus a known number of correct char-

acters transmitted.

(2) SPECIFIC OBJECTIVE: Determine consistency of SRS frequency indications.

(Number of times a desired frequency wus)

(MOE), = ascertained
1 (Number of times a decision was made

to select a new frequency
(Number of usable non-SRS operating fre- )

quencies lying outside of the recommended
operating ranges of both the non-SRS cir-

(MOE),, = cuit antenna and the optimum antenna
2 ( otal number of usable operating re-)
quencies for each radio path

(NOTE: (MOE)2 is called the ratio of failures to

total attempts, since a usable frequency outside

the recommended operating range was considered a

failure of the SRS to indicate a usable frequency.)
REFERENCE: Final Report on Project 0/S107

“Conduct an Operational Evaluation of the Oblique Incidence

Ionospheric Sounder System"
23 Sept. 1969, UNCL.
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C3 - Report Receiver-Transmitter (RRT)

. DESCRIPTION: This equipment is designed to apply and detect information in
the form of low frequency signals modulating the carrier of any voice communi-
cation equipment. It is used in conjunction with shipboard and aircraft

communications equipment.
(1) SPECIFIC OBJECTIVE: Determine communication capability.

T (MOE)1 = Percent of RRT messages received

v « Number of RRT messages received , 4,
i umber o transmissions
(MOE)2 = Percent RRT messages received that were displayed
accurately

(Number of accurately displayed)
= \RRT messages
(Numser of RRT messages)
recejved

REFERENCE: Final Report on Project F/0 148 FY63
"Fleet Operational Investigation of ASW Report Receiver-

Transmitter"
16 April 1964, CONF.

x 100
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C4 - Radio Transmitter

DESCRIPTION: This radio communications transmitting equipment is designed
for use as a modulator for standard shipboard and submarine transmitters.

(1) SPECIFIC OBJECTIVE: Evaluate transmission accuracy.

(MOE)] = Percent of transmissions detected which are satis-
factorily transcribed into legible copy

Number of detected transmissions
satisfactorily transcribed into

x 100

= \legible copy
umber of detected transmissions
(MOE)2 = Percent transmissions with textual errors

(Number of transmissions)
with textual errors
“Number of transmissions

(MOE), = Average number of errors per message
3
(MOE)4 s Average number of errors per character sent

x 100

REFERENCE: Final Report on Project 0/S566 FY63
"Conduct an Evaluation of the AN/WRA-3 Radio Transmitter*

11 April 1963, SECRET
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C5 - Data Communications Set

DESCRIPTION: This set s designed to provide secure and rapid tactical
communications between ships in dispersed formations.

(1) SPECIFIC OBJECTIVE: Determine traffic handling capability.
MOE = Data rate achieved (in words per minute)

REFERENCE: Final Report on Project C/S19 FY 61
"Concurrent Evaluation of a High Capacity Communications

(HICAPCOM) System"
21 August 1962, CONF.

8-38



Cé

C6 - Drone Control Set

DESCRIPTION: This system is designed to send commands, receive telemetry
and track a drone, both in range and azimuth, via an RF (radio frequency)
1ink from either a shore or shipboard installation.

(1) SPECIFIC OBJECTIVE: Determine message decoding performance.

MOE = Command message error probability, which is defined
as the probability that the system transponder will
error in decoding a word in the command message 1ink
for given maximum word length (bits) and received
target strength (dbm)

« Number of words with decoding errors
er of wo ecoding attempts

REFERENCE: Phase II Report on Project X/C8
"Conduct an Operational Assist of the Integrated Target Control

Sys tem"
5 March 1974, UNCL.
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C7 - Message Processing and Distribution System (MOPS) and Facilities

Control System (FCS)

The MPDS is a stored program, three computer system designed
to process, store, log and internally distribute record message traffic

and digital data "on-1ine" with radio receiving and transmitting equipment.
The FCS provides for quality monitoring of communications circuits, for
generation of central frequency and time signals, and for patching and
adjusting of radio frequency and terminal equipments.

DESCRIPTION:

(1) SPECIFIC OBJECTIVE: Evaluate the capability of the MPDS to do message
processing.

MOE = )i P1

where

message recognition factor
message distribution factor
message journaling factor
message transmittal relay factor
broadcast screening accuracy

1 . Number of broadcast screening errors
Number of broadcast messages

operational availability

1 - Jotal downtime
Total time in use

measure of effectiveness for the FCS

1 &
antilog F‘ Tog C,

number of circuits
1th individual circuit/channel reliability
percentage

(Time 1th circuit/channel 15)
of tra“fic quality

Demand usage time x 100
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