~AD=A036 509 TRACOR INC SAN DIEGO CALIF F/6 1771
HUMAN FACTORS STUDIES. CONFORMAL/PLANAR ARRAY.(U)
SEP 66 F J BLAISDELL N123(953)54996A
UNCLASSIFIED TRACOR=66=562~C




““ 10 %M fe

g

T
”“E I

22 fhis e

MICROCOPY RESOLUTION TEST CHARIT




R ot

[

” 7

T

A
B

Bl

Document Number

TRACOR 66-562-C

Contract N123(953)54956A
Serial No. 2110-227

Task Number 8

(@
-
L)
O
(A
e
-
o
<

TECHNICAL MEMORANDUM

HUMAN FACTORS STUDIES (U)
Conformal/Planar Array

Submitted To
Conformal/Planar Array
Project Office
Code 2110 - USNEL N

30 September 1966

WYL
C

MMSS‘HED ®=:MOST ProJect 1 =

-RUP o
& , YE"}!'_TE V&Si
i V I .ME(%(

BB 5 o
TREVSIIG

MAR 7 1977

NGRS
D

e ee—

DISTRIBUTION S7=1-MENT A
Approved for pullic release;
Distribution Unlimited

6500 TRACOR LANE e AUSTIN, TEXAS 78721 e 512 926-2800

spionage Lawg, Title 18,9

Inigec S © i )
Hr_ ‘ . ) Jtans Hﬂxm or the re‘xl.»tl o f J!l
c@nt ’nt 8 0 unautior { zed 'suny pro it oﬁ. v

* (NCLASSIFIED




NCLASSIFIED ,
Sy ¢

TRACOR, INC. 3065 ROSECRANS PLACE., SAN DIEGO, CALIFORNIA 92110

Document Number
'I@TRACOR-ﬁe 562-C
Iﬂ\ ontract’/ 53)54996A
S=2’Serial No,—2110=227
Task Number/a

/" '
TECHNICAL MEMOOEMUN

iy e | HUMAN FACTORS STUDIES. (¥

iﬁf : -t o SPEGRL | Conformal/Planar Array,
Y |

§ : :

h’“&.’..&l- e ; k

Submi tted To
Conformal/Planar Array
Project Office

Code 2110 - USNEL [) [) (:
D (] .E-HZIE

. - MAR
(]l 30 septeder 1966 mJ =

(TS 13l
Approved: b TS v Prepared By:
P PO i;zp .
G. 47 Huey <~ K“[Q I3 11 S P! ;

Project Director

Approved for pub 7x- rolease;
Distribution Uniim ted

[ DISTRIBUTION STATLMENT A ]

" SRR b
, % Group- 4% &

DOWNGRADED AT 3 VEAR INTE S:
BLOLEFIE AFTER 12

UNCLASSIFIED




TRACOR, INC. 3065 ROSECRANS PLACE, SAN DIEGO, CALIFORNIA 92110

\ ABSTRACT

\

‘E_The Conformal/Planar Array was studied from the Human
Factors viewpoint. The study produced: human factor source
docunents, a description of a detailed Human Factors Program
Plan, system-operator information flow charts, and man-machine
tradeoff considerations.F?Specifically, the report contains the
following items: \

a. A partially Annotated Bibliography of titles
organized into seven major areas of interest
to design groups. In addition, an index of
representative human factors parameters keyed
to the Annotated Bibliography was included as
a convenience.

b. A detailed Human Factors Plan organized to
show the logically sequenced tasks required
for a human factors effort to support the
Conformal/Planar Array System Design. The
plan indicates the relationships among project
management, system design, and the detailed
Human Factors Tasks. The plan also delineates,
within each task, th~ relevant inputs, processes,
and outputs including feedback loops to other
Human Factor tasks. A task and time schedule
is included aloug with manning requirements.

c. A set of information flow charts. The charts
depict the kind of input-output information
required for system operation at various
functional levels including the kinds of
information categories required of operators.
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A man-machine tradeoff study. Tables are

included showing the rating factors applied
to the tradeoffs considered and how com-
petitive factors were evaluated.
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1. INTRODUCTION

This report contains the results of work on Task
Assignment Number 8, Conformal/Planar Array: Human Factors
Studies, performed by TRACOR, Inc., Austin, Texas, under
U. S. Navy Contract N123(953)54996A, U. S. Navy Electronics
Laboratory, San Diego, California, dated July 26, 1966. The
Human Factors Studies comprise one task in a series of tasks
required for studying general C/P Array requirements during
the Concept Formulation Stage. The task reported on herein
addressed itself to the following problems:

‘Obtaining preliminary data on human factors
source documents.

‘Developing a detailed Human Factors Plan for
participating in the design effort aimed at
assuring operability, supportability, and
trainability of the system.

‘Preparing functional information flows within
the projected personnel subsystem and between
it and other subsystems.

-Conducting initial human factor trade-off studies
considering such factors as level of automation,
back-up capability, and multi-purpose displays.

The report is divided into the following three
sections: Introduction, Technical Effort, and Conclusions
and Recommendations. An Annotated Bibliography and an Index
to General Human Factors Parameters are presented as
Appendixes.

The Technical Effort of the report contains a
description of the Annotated Bibliography of over 200 source
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documents of human factors parameters relevant to the C/P
Array. Also, there is an organized index of these parameters
cross-indexed to the bibliography for easy reference in future
work. A Detailed Human Factors Plan was prepared which describes
the sequence of Human Factor Tasks and the requirements for their
per formance, the relationships among the Human Factors Tasks
and the requirements for their performance, the relationships
of the Human Factors Tasks to System Design and Project Planning
Personnel, and finally, a Task and Time Schedule along with
Manning Requirements, Memorandum and Reports information. The
Human Factors Technical Effort also resulted in several levels
of analysis of the functional flow of information necessary
for system performance. Man-machine functional information
flows were identified in terms of categories of input-output
information required by the sonar operating personnel for
performing assigned functions in their relationship to more
general functional system information flows.

The final portion of the Technical Effort presents
the results of trade-off studies for Automatic vs. Manual
Classification Clue Evaluations, Multi-Mode vs. Single Operator
Functional Displays, and Automatic System vs. Manual System
Control.

The Annotated Bibliography and Index of General
Human Factors Parameters are presented in Appendices.
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2. TECHNICAL EFFORT

The first portion of the Technical Effort contains a
description of the Annotated Bibliography and Index of Gereral
Human Factors Parameters. This is followed by a discussion of
the Detailed Human Factors Program Plan describing the tasks to
be performed, the relationships among these tasks, the relation-
ship of the Human Factors Program to System Design and tha Project
Planning Personnel, Task and Time Schedules, and Manning Require-
ments. The third portion of the Technical Effort contains
Information Flow Charts starting at the System level and
continuing down to the operator level where categories of input-
output information are identified. A detailed description of
the information flows is also presented. The fourth section
contains a discussion and analysis of the trade-offs considered,
the methodology and criteria used, and a summary of the trade-
off results.

2.1 DESCRIPTION OF THE HUMAN FACTORS ANNOTATED BIBLIOGRAPHY
AND PARAMETER INDEX

The Human Factors Annotated Bibliography (see Appendix
A) was prepared from source documents furnished from TRACOR files
and the Naval Elect.ounics Laboratory.

The bibliography provides the reader with a partially
annotated report which has studied critical human factor
parameters in connection with the design of the display systems.

An attempt was made to provide sufficient information
in the annotations for the reader to decide whether the article
provided useful human factors parametric data.

The documents reviewed have been divided into seven
major sections.
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I. Display Systems

EE. Console Design
EIL., Information Presentation
IV. Operator Performance
V. Maintenance
VL. Personnel and Training
VII. General References

In the above sections, further breakdowns into sub-
sections, such as information processing, display symbclogy,
vigilance, etc., are made. Within the subsections, the
bibliographic entries are listed alphabetically. The entriec
are numbered consecutively throughout the bibliography.

An index of general human factors parameters was also
prepared (see Appendix B). The purpose of this index is to
allow the reader to determine whether a particular parameter
of interest has been referenced in the Annotated Bibliographv
of Appendix A. The numbers following the index entry refer
to the numbered entries in the bibliography which contain
information about the Human Factors parameter of interest.

Zo2 DETAILED HUMAN FACTORS PLAN, CONFORMAL/PLANAR ARRAY

1

The objective of the Detailed Human Factors Plan,
Conformal/Planar Array, is to present a comprehensive human
factors program for establishing operability, maintainability .
and personnel planning information procedures for the Concept
Formulation Phase of the Conformal/Planar Array project. The
plan can be used to provide appropriate guidance to system
hardware and software elements in order to assure a high
degree of operability and maintainability at acceptable cost,
and to develop and document personnel planning information and

manpower requirements for selection, training and trainer devi

4
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2.2:1 Source Document Updating of Human Factors (Task 1.0)
i Project
"’{j Planning
s Personnel
— s |
LS
1.0 #y

N
|

2.0 _E : - Ja.o
3.0 :’_—‘J

=l

The inputs required for this task will be the initial
bibliography included in this report, newly available studies
presenting descriptions of the functional systems for the C/P
Array System, studies which present man's reliability in his
role as an operator in large-scale systems, experimental data
from governmental and non-govermmental laboratories which are
relevant to capabilities and limitations of operators, and
training data in terms of time and costs for increasing operator
reliability for large-scale systems.

The process required is the behavioral classification

of all documents so that ready access is available to studies
presenting critical human factors parameters pertaining to
operators in the C/P Array System.

The output required is the alphabetically and behav-
iorally classified documents. It is an essential input to Task
3.0,
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2.2.2 Personnel Subsystem Functional Analysis (Task 2.0
Sy Project
u Planning
- Personnel
1.0
r////
2.0 A 4.0
P
3.0

The inputs required for this task are the list of
scelected missions for the 1970 time frame, a breakdown of each
mission into operational phases along with predicted times to
perform each phase during a mission, the probable type tacti-
cal target(s) to be encountered, the probable personnel
organization needed to operate the system and perform mission
tasks, and the modular functional equipments required for use
by personnel for each functional subsystem.

The process required is to organize the inputs listed

above, using a type mission, into a time-dimensionalized matrix
The COLUMNS of the matrix will provide the breakdown of phases
and sub-phases of a given mission and their predicted time
constraints; the ROWS of the matrix will be formed by the
functional subsystems and modules with which the personnel

must interface; and the CELLS of the matrices will contain
extended time-bars identified appropriately in the matrix

s0 as to be useful for future analysis. The purpose of this
analytical process is to organize on a systematic basis, at

all appropriate functional levels, all anticipated functions

9
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initially assigned to operators during a typical mission.

The outputs required are the identification of the

necessary functions to be performed by the personnel sudsystem

to accomplish a given mission, their durations, and their

proper coding according to phase and subphase of a mission as w:

as the relevant functional equipments with which the operators

will interface.

The feedback is positive in that the outputs will

be used to make systematic determinations of all subsequent
operator functions and tasks at the detailed level; however,

the outputs from Task 2.0 are immediately essential to Tasks

4.0, 5.0, 6.0, and 7.0.

10
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2.2.3 Human Factors Constraints (Task 3.0)

Project Planning

Personnel [{;__ o
_._.:l 1..0

2.0 4.0

3.0 //]

The inputs required for this task are the outputs
generated during Task 1.0 and the gross functional tasks
required of operators generated by the outputs produced during
Task 2.0.

The process required is the systematic analysis of
all predicted functional tasks required during typical missions
for operations, maintainability, and manning of the system for
mission performance in relation to known human factor con-
straint parameters. Special consideration will be given to
the fact that an operator's function may not be critical during
one portion of a mission but the same operator function may be
very critical during another portion.

The output required is a compilation of human factor
constraint parameters in relation to system performance during
a typical mission. The compilation must be organized for use
by Project Planners, Engineers, and for SOR documentation as
well as for Task 4.0, performed by Human Factors Personnel.

The feedback loop is negative to Task 2.0 and
positive to Task 4.0.

11
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2.2.4 Man-Machine Subsystem Functions Allocations (Task 4.0)

Project Planning Personnel

1.0 ~1 [—— | - 5.0
2.0 2 mZ /—% 6.0

4.0

1 o]

3.0 1.0

S Project Planni' g
‘[ ] Personnel

The inputs required for this task are the outputs

from Tasks 2.0 and 3.0. The primary input is from the compi-
lation of critical human factors determined from the analysis
of Task 3.0.

The process involved is the systematic organization
and identification of personnel subsystem functions classified
according to whether the functions are kest the responsibility
of a man or a machine.

The output involved is a preliminary recommendation
of all system functions classified as to their assigmment (o
man or machine and the basis for each assigmment. Data will
be sent to Project Planning, Engineering Personnel, and to
SOR documentation.

Two feedback loops are required: the first is
positive to Tasks 5.0, 6.0, and 7.0; the second is negative
to Task 2.0, where appropriate changes will be re-considered
in system operation.

12
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2.5 Definition of Preliminary Display and Console Concepts
For Personnel Subsystem (Task 5.0)
5.0
Project (= = 1 ST,
Personnel }-——7;‘<
B S s I //
6.0
|
4.0 ] T : 8.0
- T 1
E 7 T 7 e it Project Planniug
[ H ) Personnel
)

The inputs required for this task are primarily from
the preliminary recommendations of system functions allocations
arrived at from the output in Task 4.0. Other inputs must be
tentatively available from parallel on-going Tasks 6.0 and
/.0 so that an iterative process is generated from the inputs
and outputs from all three tasks. Updated information will b«
furnished by Project Personnel.

The process involved is the systematic definition of
the display and console concepts in terms of required infor-
mation flow for system operation and mission performance.
Specific static or dynamic anthropometric considerations for
human operators will not be required; however, appropriate
assumptions should be made explicit. A preliminary link

analysis will be performed.

The output produced is a set of display and console
concepts logically related to information flow for system
operation and mission performance where human operators are
involved. |

13 ’:
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The feedback loops are negative and iterative within
Tasks 5.0, 6.0, and 7.0. Outputs are received by Project Personnc . .

14
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2.2.6 Definition of Operator Information/Control and of
Command Information Requirements, (Task 6.0)

5.0
Project = r-—--
Personnel

4.0 [:7// - 8.0

L _'”] Project Planning

Personnel

7.0

The inputs required for this task are primarily from
the preliminary recommendations of system functions allocation:
received from the output in Task 4.0. Other inputs must be
tentatively available from parallel on-going Tasks 5.0 and 7.0
so that an iterative process is generated from the inputs and
outputs from all these three tasks. Updated information will
be provided by Project Personnel.

The process involved is the systematic definition ol
operator and control requirements for information based upon
man-machine flow charts, and the systematic definition of
command information requirements also based upon mutually
consistent man-machine flow charts.

The output required is the definition of operator
information and control requirements as well as command
information requirements. The scope of the information for
operator and command must include safety and 1life support
information as well as mission tasks and ship operations.

The feedback loops are both positive and negative as

tor Task 5.0.
15
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2.2.7 Information Logic Flow Chart Preparation for

Personnel Subsystem, (Task 7.0)

[3.0
6.0

-

4.0 ?——‘ 8.0

Project ——“L e 7 ,_J] =N Project
Personnel =ik 7454“] _ _ _|Personnel

The inputs required for this task are primarily from
the preliminary recommendations of system functions alloca-
tions arrived at from the output in Task 4.0. Other inputs,
however, must be concurrently available from parallel
activities on-going in Tasks 5.0 and 6.0 even though only
tentative. The project office will furnish alternative
designs.

The process involved is the preparation of logic flow
charts defined by MIL-H-24148 (SHIPS), for each system design
representing the information flows to operators from machines
and to machines from operators as well as to and from personne
in the command network.

The outputs required are the several logic flow charts
representing information flows for each system design for
operators and command. Information flow must include safety,
life support, and psychological decisions, as well as mission
tasks and ship operations. The flow charts will be made
available to project personnel.

The feedback loops are to Tasks 5.0, 6.0, and 8.0.

16
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2.2.8 Definition of Control and Display Requirements for

Personnel Subsystem, (Task 8.0)

5.0 L
8.0 9.0
| 2 .
6.0 7% g J
r”14299 l,
10.0
7.0 ]

; ' e ' Project Personnel

The inputs required for Task 8.0 are all the outputs
generated from Tasks 5.0, 6.0, and 7.0. Primary emphasis will
be on the outputs from Task 6.0, the operator information and
control and command information based upon man-machine and
man-flow charting techniques. Updated information will be
furnished by Project Personnel.

The process involved is the categorical definition of

each control and display in terms of mission tasks, system
operation, life support, safety of equipment and personnel,
fault detection and isolation, formats, dynamic range, storage
characteristics, operational modes, back-up modes, listing of all
controls and displays with their approximate location and func-
£ RO

The outputs are the systematic presentation of control
and display functional requirements. Problem areas likely to
arise should be discussed in terms of data from Task 3.0 (Human
Factors Constraints) and conceptual studies should be proposed
where the area is likely to be system critical and type mission

17
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limiting and/or where trade-offs cannot be made without some
experimental data.

18
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2.2.9 Potential Sources of Human Error in System (Task 9.0)
2.0
9.0
e T
4.0 .
Y
8.0
5.0 | 11.0
10.0
{
6.0 J s
7.0 Project [~ ~
C Plannin

The inputs required for this task are the data from
Tasks 2.0, 3.0, 4.0, 6.0, 7.0 and 8.0. The primary inputs
are from Tasks 4.0 and 8.0. Maintainability and reliability
data from Project Planning and Engineering Personnel are
required on equipment tentatively proposed for alternative
systems for: ASW, Communication, AAW, SW, EW, and the Ship's
System. Experimental data from control theory parametric
studies will be used where available. Updated information will
be furnished by Project Personnel.

The process involved should be a form of control
theory schematics in which the human transfer function can be
derived and relevant human factors parameters identified for
operations and for likely potential sources of system degradation
due to human operator error, equipment failure due to human
error, or both.

The output will be: control theory type of schematics
for relevant subsystems in which the sonar operator and super-
visor are involved; systematic identification of the human
transfer function expected; parametric values for the human

19
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transfer function parameters correlated with experimental data
on these parameters; prediction of the capability of the sonar
operator to perform maintenance tasks where the degradation
is due to equipment failure; prediction of those potential
sources of degradation leading to the probability of mission
abort, human jeopardy of life, and/or subsystem failure, and
the probability that a human operator could prevent these
catastrophic failures by the use of appropriate maintenarce
actions. The potential utilization of the system will be
predicted based on both equipment redundancy and/or the use of
the operator in a maintenance role (fault detection, fault
isolation, and equipment replacement). Alternative control
schematics, with accompanying parametric values, will be
prepared so as to reflect the incorporation of maintainability
principles, to predict system maintainability for each alter-
native design, and to define the role of the operator in
decreasing system downtime.

The feedback is to Tasks 2.0, 4.0, 5.0, 6.0, 7.0,
8.0. Project Personnel will receive outputs from this task.

20
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2.2.19 Human Factors Maintainability Recommendations (Task 10.0)

9.0

8.0 PW 11.0

B Project
Planning

The inputs required for Task 10.0 are those from Tasks
8.0 and 9.0. Updated information is furnished by Project
Personnel.

The process involved is the systematic organization
of maintainability recommendations in terms of mission perfor-
mance, life support, and safety predictions for different
alternate system configurations and the maintenance role of
man in each configuration in terms of a classificatory schematic.

The output is a systematically organized set of
maintainability recommendations in terms of mission performance,
life support, and safety predictions for different alternative
system configurations. A preliminary taxonomy of personnel
maintenance tasks will be formulated, based on control theory
or similar models.

Project Personnel will receive the outputs from Task
10.0, as well as Personnel Subsystem Planning (Human Factors
Personnel).

21
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2.2.11 Human Factors Data For Cost-Effectivess And Personnel
Feasibility Studies (Task 11.0)

Project Personnel

— jr:j::;;:i:} (Rel. & Main. Data)
9.0| ‘"j
{ / __.’
e ij - 13.0
10.0 ——j 11.07

12.0

The inputs required for Task 11.0 are those from Task
9.0 and 10.0 and the maintainability and reliability data fron
NASL or the contractor through Project Personnel.

The process involved is the systematic analysis of «
cchematics and maintenance recommendations developed in Tasies
5.0 and 10.0 in order to predict the influence of human ervo
on system reliability. Available reliability and maintcnance
data will be utilized for the alternative design points.
f.valuation of the human error factors will be made in terms
marginal analysis.

The output will be human factor data for a schedule
of costs for a given amount of system effectiveness (probabils
oL success in mission performance), based on selection and trai
ing parameters. Assumptions will be explicit concerning the
selection and trainability of operators and supervisors.

The feedback is positive to Tasks 13.0 and 14.0.
Project Personnel receive data from Task 11.0.
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2212 Study of Anticipated Performance of Operator Stations

(Task 12.0)

9.0 11.0

13.0

10.0

7

12.9

Project
Personnel ETWEy

The input required for Task 12.0 are the outputs from
Tasks 9.0, 10.0, and 11.0. Updated information is furnished by
Project Personnel.

The processes involved are mock-ups of the operator

station(s) and a computerized analytic (stochastic-deterministic)

model of operator and equipment performances during a typical
mission for the selected design approach. Appropriate ranges
of input values will be used for supervisory functions and for
each proposed operator station in order to exercise detection,
tracking, acoustic intercept, target classification, and fire-
control functions. The multi-mode display console will be
included in the modeling.

The output required is the mock-up of the operator
station(s), the analytic model, and the computerized runs.

The feedback is positive to Task 13.0 and to Project
Planning and Engineering Personnel.

23
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2.2.13 Human Factors Data For System Trade-off Studies,

(Task 13.0)
s A Projecf
T Planning
11.0 __J
// 14.0
2

r 13.0

12.0

The inputs required for Task 13.0 are the data from
Tasks 11.0 and 12.0. Project Personnel will provide alternativ«
design points.

The process involved is the classification of critica!l
human factor parameters in terms of mission and system perfor-
mance within the constraints of human and equipment safety fo:
alternative design solutions.

The outputs required are the classified human facto
parameters for each design alternative.

Outputs are sent to Project Planning and Engineering

Personnel.
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2.2.14 Preliminary Task Analysis And Training Requirements,
(Task 14.0)

Project Planning

[-—i}—_ Personnel

13-4 §j;2; — To:

14.0 Appropriate
Documen ts

The inputs for Task 14.0 are primarily from Task
13.0.

The processes required are: (1) a logical, time-flow
of sequential tasks required in the man-man, man-machine sub-
system modular interfaces. Events must be represented in a
symbology appropriate to inputs, decision, and actions of
man and equipment for performing type missions. The tasks
will be derived systematically from the data of Task 2.0;

(2) a systematic analysis of workloads per unit of time per
modular subsystem per operator; (3) the psychological and
behavorial classification or taxonomy, if feasible, of operator
and maintenance skills per task; (4) and the type and degree

of training requirements to perform each task; and (5) the
organization of duty positions with the back-up and duty
rotations required. The data will be organized for
computerization, if feasible.

The outputs will be:

a. Symbolically and temporally organized sequence

of tasks for type missions.
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b.

System critical task intervals with type tasks
involved and number of all tasks in the
interval.

Psychological and behavioral classification ol
operator and maintenance skills per task.

Type and degree of training requirements to
perform each task.

Probabilities, that each task can be performed
correctly, out of 100 trials, given proper
training, under normal, optimal, and worst
case conditions.

Indication of need for training devices for
system critical tasks.

Indication of training times for system
critical tasks.

A description (computerizable) of the personnel
organization, duty position, duty rotations, and
system critical personnel selection variables,
given Navy manpower availabilities.

The feedback is to Project Planning and Enginecring

Personnel, System Specifications, and Conceptual Phase

vocuments,

as well as SOR Documents.

26
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2.2.15 Memorandums and Reports

Table 2.2-1 indicates the cognizant agencies and person-

nel receiving the relevant memorandums and reports generated
by the Human Factors Plan.
TABLE 2.2-1 MEMORANDUMS AND REPORTS
PROJECT |
No. TASK HFD| PRASD| PLANNING |ENGINEERING [NASL |CONTRACTOR
Source Document
1 Updating X X » .
System Functional
2 Analysis X X 3 A 4
Human Factors ;
3 Constraints % B = &
Man-Machine System
4 [Functional Alloca- X X X X
tion
Preliminary Display v
3 & Console Concepts = = # -
Operator Informa-
6 [tion/Control & X X X
Command Info.Reqmts
Information Logic ;
/ Flow Charts A » =
Control and Dis- 5
8 play Reqmts. & A = .
' Sources of Human ,
| 9 Buese s X X X X X X
Maintainability g
10
|16 Recommendations X - X . X

Cost-Effective- :
11 |ness & Personnel X X X X X .
Feasibility Studies

Performance of ;
2
12 Operator Stations X ’ .
13|Trade-0ff Studies X X X ?
4
Task Analysis & X X X X X

l.‘raining Reqmts.
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2.2.16 Tasks and Time Schedules

The Task and Time Schedule for the Detailed Human Factor:
Plan is shown in Table 2.2-2. This is a comprehensive schedule
providing a logical sequence of events for the orderly achieve-
ment of technical work leading to acceptable Human Factors design
criteria. Assumptions are made that relevant inputs to Human
Factors personnel are properly organized and timely so as to
facilitate the type of reformulations and analysis required for
the accomplishment of the Detailed Human Factors Plan and to
provide needed inputs to other engineers and agencies when
expected by them.

28
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2.2.17 Human Factors Plan: Task-Manning Requirements,
(Table 2.2-3)

The Task-Manning Requirements for the Human Factors
Plan are indicated below by Task Number, Fiscal Year and Quarter,
Month, Men per Month and Totals by Month, Quarter, and by Year.

Assumptions are made that the following human factor:
personnel are available for the HF Program Plan:

a) Ph.D.s with 5-7 Years Human Factors Experience,
b) M.A.s with 8-10 Years Experience, or
c) B.A.s with 11-15 Years Experience.

Senior personnel must have had actual experience witt
advanced design studies and to have had experience with decsign
groups to include avionics, reliability, maintainability,
operations analysis, mock-up personnel, computer personnel,
and system/mission functional analyses. Formal education should
preferably be in Psychology (or related sciences), or some
combination of science and engineering involving the human

¢ lement.
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2.3 INFORMATION FLOW CHARTS

This section discusses the flow of information between
the Sonar System and other ASW Ship Systems and the flow of
information within the Sonar System with the Sonar Operators and
Sonar Supervisor as the main focal point.

Information flow will be analyzed at four levels. Fir-
the system concept and the personnel organization of the ASW
Ship are discussed and all ASW Ship Systems are identified.
Secondly, an over-view of the information flow within the Sonar
System is presented. Thirdly, a more detailed information flow
is presented which links the system and subsystem infermati
flow to operator function. Lastly, the man-machine inform
flow is described in detail.

The documents used as references for the information
flow charts were TRACOR Document No. 66-494-C, ASW Ship
Definition, TRACOR Document No. 66-517-C, ESS Baseline
Description, NEL Specification 3180-66-2, Specification for a

Multimode Sonar Console, C/P Array Preliminary Technical
Development Plan, April, 1966, and NEL Document ASW Ship
[ntegrated Combat System, October 1964.

2.3.1 ASW Ship Information Flow
Figure 2.3.1-1 dericts the main flow of informati
within the total ASW Ship. Responsibility for Own Ship Conma

resides with the Commanding Officer. The functions of Command

ind Control are divided into three major areas, Bridge Guidance
ind Control, Tactical Command and Control, and Weapons Sele

| Control, the latter two major functions taking place physic
ithin the Combat Direction Center. Figure 2.3.1-1 shows the
nanned posit ; associated with each of these Command and

Centrol functions within dotted circles.

It was central to the concept of the ICS System and
the SEA HAWK ship to have a central Data Reduction and Proce
32
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Complex responsible for communications throughout the ship and
for man-machine interface at each operator location. Some Data
Reduction and Processing facilities, however, are associated
separately with each of the major Ship Systems. The majority
of communications between the Command and Control functions and
the ASW Ship Systems are routed through the Data Reduction and
Processing Complex. A dashed line surrounds part of the Own
Ship Command, part of the Data Reduction and Processing Complex,
all of the Tactical Command and Control functions, and all of
the Weapons Selection and Control functions. This area has
been designated as the Integrated Combat System.

The major systems on board the ship are the ASW Syste
the Communications System, the Anti-Air-Warfare System, the
Surface Warfare System, and the Electronic Warfare System, all
suppurted by the Ship System which supplies navigation and

stavilization signals, prime power, and cooling and refrigerati:

Within the ASW System, there are two subsystems, the
ASW Sensor System and the ASW Weapons System. The C/P Array
Sonar is the primary ASW Sensor and interfaces very closely witl
the ASW Weapons System to the extent that certain computations
required for fire-control purposes may be provided within the
framework of the C/P Array Sonar. This is shown by the dashed
lines, indicating the C/P Array Sonar overlapping the ASW
Sensor System and the ASW Weapons System.

Thus, the C/P Array Sonar interfaces at the system
level with the ASW Weapons System; the Ship System, for prime
power, navigation and stabilization, cooling and refrigeration;
and those Command and Control functions of the ship which arc
performed within the Combat Direction Center.

Wit.. ¢his organizational description as a point of
departure, five oper:t s are assumed within the C/P Array

Sonar; three sonar operators, one sonar supervisor, and one

34
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periscope radar operator. The periscope radar is considered to
be a portion of the ASW Sensor System, but not a part of the
C/P Array Sonar.

2:.3.2 Sonar System Information Flow, General

Figure 2.3.2-1 demonstrates the use of the display as
the focal point of information flow within the C/P Array Sonar.
In accordance with the Preliminary Technical Development Plan,
five subsystems are involved in the C/P Array Sonar Program.

They are:
a. Active Subsystem
b. Passive Subsystem
Torpedo Detection Subsystem and Acoustic Counter-
measures

Acoustic Intercept Subsystem
e. Acoustic Communication Subsystem

To support the above functional areas, two further

subsystems are required. These are:

a. Automatic Fault Isolation and Self-Check (FISC)
b. Automatic Performance Prediction

All of these subsystem functions are under the contro!
of a central data processor contained within the C/P Array Sonar,

and not shared with any other System of the ASW Ship. The data
processor is used for system and subsystem interface and sonar
system control. The data processors interfaces in machine
language with other ASW Ship Systems and provides all the
digital information required for operator functions to central
display units. It is through these displays and via the data
processor that the sonar operator communicates with other Ship

Systems.

b
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235 Sonar System Information Flow

Figures 2.3.3-1 and 2.3.3-2 expand in more detail the
information of the previous section. The five major subsystems
defined by the Preliminary Technical Development Plan are shown
interfacing with the data processor. The Auxiliary Functions of
Automatic Fault Isolation and Self-Check and Acoustic Performance
Prediction are augmented, for the sake of completeness, by the
functions of operator training and system control, almost all of
which is performed within the data processor. These latter
functions are grouped into the dotted area referred to as
Auxiliary Functions (See Figure 2.3.3-1).

The data processor, in turn, is linked to the multi-
mode displays manned by the Sonar Operators, the Sonar Super-
visor, and a Radar Display for the Periscope Radar Operator,
(See Figure 2.3.3-2). The data processor via the multimode
display transmits to the sonar operator information from the
ASW Ship System, the Combat Direction Center, and the ASW
Weapons System (See Figure 2.3.3-2). These are the areas of
major system interface.

The information flow of Figures 2.3.3-1 and 2.3.3-2,
are enumerated in detail below.

2.3.3.1 Active Subsystem Information Flow (Figure 2.3.3-1)

a. Inputs

(1) Normalization Constants. For equalization
of the noise on all bearings and ranges.

(2) Beam Steering

(3) Ping Sequences

(4) Signal Selection

b. Outputs. Single Ping Target and Noise Output.
Information from up to 900 receive beams at 3 depression angles
and from up to 15 contacts selected for tracking.

37
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7.3.3.2 Passive Subsystem (Figure 2.3.3-1)

a. Inputs
(1) Normalization Constants. For noise equaliza-

tion on all beams.
(2) Required Integration Periods.
(3) Required Depression Angles.

b. Outputs. Integrated energy outputs on all beams.

PAEge S Torpedo Detection Subsystem and Acoustic Countermeasures
(Figure 2.3.3-1)

a. Inputs. Countermeasures, activation and control.
b. Outputs. High closure rate alarms from active,
passive, and special purpose equipments.

2.3.3.4 Acoustic Intercept Subsystem (Figure 2.3.3-1)

a. Inputs. Stored signature information for the
identification of intercepted signals.
b. Outputs. Output of the reception of intercepted

active acoustic transmissions.

e I, S Acoustic Communications Subsystem (Figure 2.3.3-1)
W ¥

a. Inputs. Buffered outgoing messages.
b. Outputs. Incoming messages for EDP buffering.

2.3.3.6 Automatic Fault Isolation and Self-Check (FISC)
(Figure 2.3.3-1)

p
In this subsystem function, fault indications from
equipment racks are fed to the data processor, where they are
scanned. The data processor, in turn, supplies fault circuit
interrogation signals to the fault indication circuitry in each

equipment module.
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9
L

.3.3.7 Acoustic Performance Prediction (Figure 2.3.3-1)

The functional block for acoustic performance prediction
describes those sensors which are used to derive acoustic
prrformance prediction by the data processor, since performance
jrediction is a software problem. Information will be derived
f-om at least a bathythermograph and fathometer. The data
processor will, in turn, interrogate these sensors in order to

provide new performance prediction information.

2.3.3.8 System Control (Figure 2.3.3-1)

Based on performance prediction, the data processor
can provide to the system control circuitry throughout the C/P
Array Sonar optimum depression angles of the search and track
beams, transmit beamwidths, ping sequences, types of signals
to be transmitted, allocation of the track beams to targets,
and subsystem operating schedules. In turn, from the system
control circuitry, throughout the C/P Array Sonar System, the
data processor must be given the current system control paramete:
staius, i.e., depression angles, beamwidths, track beam

orientation, and ping sequence.

2.3.3.9 Training (Figure 2.3.3-1)

Training is assumed to consist of replays of stored
tapes consisting of multi-ping returns of live sonar data.
addition, stored tapes may be provided which will provide fo.
programmed instruction training. The data processor, in turn,
provides information to activate and control these training
tapes. These tapes provide training instruction for sonar
operator on how to operate the Sonar System.

2.3.3.10 Periscope Radar (Figure 2.3.3-2)

The periscope radar will feed radar video, antenna
position, and range timing signals into a radar display and
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receive from the radar display sector control and threshold con-
trol signals.

The radar display provides the periscope radar operator
/isual displays of the radar inputs and information about the
~adar display console status. The periscope radar operator, in
turn, controls the periscope radar through the periscope radar
display console, and enters into the display unit information
on new contacts, lost contacts, classification evaluation, track
overrides, target location and ASROC splash location for sub-
sequent transmission to the C/P Array Sonar Data Processor.

The periscope radar operator can communicate via voice
intercom with the sonar supervisor, receiving sector coverage
assignments, training requirements, maintenance requirements,
classification overrides, and track overrides from the sonar
supervisor.

2.3.3.11 Sonar Operator (Figure 2.3.3-1)

a. Digital Outputs. The sonar operators communicate

with the data processor via the multimode display where they
receive visual displays of inputs from the subsystems and infor-
mation about the multimode display console status. In turn,
they enter information to the data processor exercise system
control via the multimode display. Each operator provides the
following types of information to the data processor.

(1) New Contact Corroboration. It is assumed
that the computer exercises automatic detection procedures, but
that new cont 'cts are corroborated by the operator and sent back
into the computer.

(2) Lost Contact Reports

‘3) Track Initiation

(4) Track-While-Scan Correction. It is possible
that a maneuvering target may become discontinuous and corrections
may be entered via the multimode display to connect track segments.
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(5) Classification and Classification Override. 3

It is expected that some degree of classification clue extraction

and clue analysis will be performed in the data processor, but
the operator will also have opportunity to do both of these
functions.

(6) Track Override

(7) Sector Control and Sector Expansion

(8) Mode Control, i.e., Active Search, Active
Track, Passive Search, Passive Track

(9) Training Responses

b. Digital Inputs. The sonar operator receives from

the data processor the following information:

(1) Processed Active and Passive Signals.

(2) Multiping History (up to at least 6 pings).

(3) Target Parameter Estimates of Doppler, Range,
Bearing, Speed and Heading, Classification Clues, Classification
Clue Evaluation, and Confidence Level on Target Parameter Estimatcs

(4) A-Scan amplitude and doppler information (in

some sonar modes) to assist in target classification.

(5) Training Displays.

(6) Friendly Naval Order of Battle in order that
friendly ships may be separated from the contacts displayed.

(7) Enemy Naval Order of Battle in order that
already detected enemy ships and submarines may be identified
on the console.

(8) Weapons Firing Information in order that
friendly weapons be separated from the display of contacts on
the multimode display.

c. Intercom. The sonar operator can communicate with
the sonar supervisor via a voice intercom where he can receive
sector assignments, training requirements, maintenance require-
ments, classification overrides, and track overrides; and the
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operator can request assistance from the sonar supervisor.

2.3.3.12 Sonar Supervisor Information Flow

The sonar supervisor is primarily concerned with the
mtrol and monitoring functions of the C/P Array Sonar and with
fault isolation and self-check.

a. Digital Outputs. The sonar supervisor provides

to the computer the following information:

(1) Depression Angle Override. Special require-
ments for coverage would demand that the depression angles be
used which are not optimized, for example, to area of coverage
annulus.

(2) Classification Override.

(3) Track Override.

(4) Ping Sequence Override. Special conditions
may require that the ping sequence be changed or that the active
mode be switched off.

(5) Training Activation.

(6) Countermeasure Activation. In response to
requests from the Combat Direction Center.

(7) Sector Responsibility Overrides. To the
sonar operators.

(8) Requests for Performance Prediction.

b. Digital Inputs. The sonar supervisor receives the

tollowing information from the computer:
(1) Fault Isolation and Self-Check Display
(2) Depression Angles '
(3) Optimum Ping Parameters
(4) Track Beam Allocations
(3) Sector Allocations
(6) The Current Search Pattern Defined From

'he Combat Direction Center

_‘_ ~
‘_\
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(7) Display of Intercepted Signals

(8) Friendly Naval Order of Battle

(9) Enemy Naval Order of Battle

(10) Communications Status on the Acoustic
Communications Subsystem

(11) Countermeasures Selection Requirements From
The Combat Direction Center

(12) Weapon Selection and Activation From The
Combat Direction Center

(13) Coverage Plots. Plots of the coverage
provided by the C/P Array Sonar and provided by the Acoustic
Performance Prediction Subsystem.

(14) Training Results

(15) Console Repeat Displays. The supervisor
should be able to see the displays currently on each of the
operator's consoles.

(16) Intercept Identifications

(17) Intercept Signatures

(18) Preventive Maintenance Schedules

(19) Summary Status Displays

(20) Display Mode Status

(21) Torpedo Alarms

(22) Torpedo Location Display

c. Intercom. In addition to the voice communicati
with the sonar operators and the periscope radar operator, it
is assumed that the sonar supervisor has a voice intercom
(Figure 2.3.3-2), for communication with the Combat Direction

Center and the ASW Weapons System.

The sonar supervisor will provide by voice to the Con

bat Direction Center information on torpedo alerts, new contact

fost contacts, and system status. He will receive from the

Combat Direction Center changes in the tactical situation,
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changes in the search pattern, sector emphasis, urgent priorities,
other sensor alerts, classification overrides, target priorities,
and changes required in sonar coverage. This is not meant to
imply that none of this information is interfaced via the data
processor, but that the information may be of sufficient urgency
to require voice back-up.

The sonar supervisor can provide to the ASW Weapon
System urgent changes in system status and information on lost
contacts. He would receive from the ASW Weapons System, weapons
status, weapons activation, fire-control radar data when pertinent
for corroboration of sonar contacts, and special requirements on

track ping rates.

2.3.3.13 System Interface Information Flow (Figure 2.3.3-2)

a. Ship System. Signals must be received from the

Ship's System in order to provide beam steering and stabilization.
These signals would consist of own ship's speed and heading, heave,
surge, sway, roll, pitch, and yaw. No information is fed to the
Ship System from the C/P Array Sonar.

b. Combat Direction Center. The entire sonar system

operates to satisfy the requirements of the Combat Direction
Center, and receives from the Combat Direction Center and its

associated data base and data processor the following informa-

tion:
(1) Oceanographic Data for Performance Prediction
(2) Friendly Naval Order of Battle
(3) Enemy Naval Order of Battle
(4) Data From Other Sensors in order to corroborate
sonar contacfts

1) Prior Intelligence About Submarine Activity
in the Search Area

(6) Search Patterns Required by the Mission
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Required Confidence Levels. On detection,
classification and other target parameters.
Classification Overrides. When the Combat
Direction Center has information that sonar classification is

Track Priorities

Sonar Coverage Pattern Override. When the
normal coverage pattern must be deviated from in order to satis

a tactical exigency.

New Contact Priorities
Countermeasures Selection

Assignment of Track Beams to Specific

Messages for Underwater Acoustic Transmiss
Allocation of Subsystem Usage, i.e., Acti:

Target Signatures. Stored target signaturec

Special Constraints on Ping Sequence

digital form via the Combat Direction Center Displays, the
following information from the C/P Array Sonar:

New Contacts

Lost Contacts

Torpedo Alarms

Target Tracks

Torpedo Tracks

Confidence Levels on Target Parameters
Target Classification

Target Parameter Estimates

System Status
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(10) Coverage Plots

(11) Summary Status Plots

(12) Intercept Reports

(13) Messages Derived from Underwater Acoustic

Transmission

c. ASW Weapons System. The ASW Weapons System derives

fire-control information from the search and track beams of

the C/P Array Sonar. It receives from the data processor target
locations, target parameter estimates, torpedo locations, and
torpedo parameter estimates. It provides to the C/P Array Sonar
data processor target information requests and weapons activa-

tion information.

2438 Man-Machine Information Flow Charts

The Man-Machine Information Flow Charts are derived
from the information flow charts discussed in the above para-
graphs of this section.

The information flow charts contained herein primarily

pertain to sonar operators and their supervisor in relation to
each other. 1In addition, their general relationship to the
Combat Direction Center and the ASW Weapons System through
the Voice Intercommunications System is also depicted, but in
less detail. Information Flow Charts have been prepared for
the following four modes: Active Search, Active Track, Passive i
Search/Passive Track, Control and Monitor. Each of the five
‘ information flow charts show the following:

a. Sonar Mode
b. Sonar Operator (or Supervisor) Functions
¢. Tnput Information to Operator (or Supervisor)
d. wvutput Information to Operator (or Supervisor)
e. Flow Lin ¢ to and from Operator (or Supervisor)

|
f. Flow Lines Between Operator (Supervisor) and j
Sonar Display 1

|
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g. Flow Lines Between Sonar Display and ADP

h. Flow Lines Between Supervisor and Operators
through Intercom System

i. Flow Lines Between Supervisor and CDC and ASW
System through the Intercom System

The following paragraphs discuss, in detail, the

individual, information flow charts.

7 el | Man-Machine Information Flow Chart: Active Search 4
Mode (Figure 2.3.4-1)

In the Active Search Mode, the primary operator functi
are: Search, Detect Track, Enter Track, and Update Track (Manual).
The input information to be displayed to the operator is subsume:
under 20 categories and the output information required from the
operator is 17 categories. It is assumed that these estimates of
informational categories are required for performing the Active
Search Mode Functions by the Sonar Operator. (Intercom functions
and categories of information are not detailed on any of the charts,
but it is assumed at present these categories will be similar to

he operator functional input and/or output categories.)

2.30%.2 Man-Machine Information Flow Chart: Active Tracking
Mode (Figure 2.3.4-2).

In the Active Tracking Mode, the primary operator
functions are: Automatic-Coarse Tracking, Semi-Automatic
I'racking, Automatic-Fine Tracking, and Manual Tracking. The
input information to be displayed to the operator has been
subsumed under 27 categories and the output information required :

from the operator is 12 categories. It is assumed that these
estimates of informational categories are required for performing
the Active Tracking Mode Functions by the Sonar Operator.
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