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ABSTRACT

) The increased sophistication and complexity of new weapon systems have
ge‘terated an expone'xtxal growth in the associated technical support documentation.
This data explosion” 1mpacts several data management issues including: the exorbitant
costs associated with the initial development and distribution of this required
information; the massive weight, environmental and space considerations attributable
to the storage of this data; and the complex task of publishing and distributing
revisions to previously disseminated documentation.

This research serves as a preliminary feasibility study, anaivzing the optical
media storage and presentation alternatives applicable to Naval Aviation technicai
manual publication and distribution methodologies. The research includes a synopsis
of the DOD/DON directives and programs aimed at data automation and dlgxtxzanon
processes with particular emphasis on the Naval Aviation environment.

This thesis concludes with the recommendation to continue investigation of the
optical mass storage alternatives. Furthermore, this study recommends research
emphasis of the CD-ROM format due to its standardization lead, technological
maturation, economy to scale advantages resultin. from the audio compact disc
success and the environmental and transportable benefits associated with this medium.
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I. INTRODUCTION

A. A FUTURE SHIPBOARD SCENARIO

The Airboss is hot. A two cycle launch and recovery evolution was disrupted
due to a fouled deck. The final F-14 aircraft of the first stage recoverv cyvcle made a
low approach, grazed the ramp, barely caught the number four wire and skidded to a
screeching halt on the aircrafts’ belly after shearing the entire under-carriage, missile
racks and drop tanks. Miraculously, there were no personnei injuries, however, Jue 0
flving debris and foreign object damage (FOD) to multiple aircraft spotted on the
carrier flight deck, {light operations were cancelled until a complete carrier air wing
aircraft status report is completed.

The maintenance controis of the four squadrons accountable tor the seven tctai
damaged aircraft. assign one technician per aircraft to asses the damage. LEach
technician takes his personal, portable aircraft status anaiyzer computer to the aircraft
and plugs a cabie from the computer to a receptacle in the aircraft that automaticaily
‘reads’ the serial numbers, flight hours flown and status, performance data on every
component in the aircraft to a floppy diskette residing in the portable computer.
Additionally, the technician dictates visual damage and similar pertinent information
into a recorder attached to the portable computer. This verbal information may
include examples such as tire damage, airframe or skin damage and the location of this
damage. The technician returns to maintenance control and transfers his diskette into
the maintenance control’s server computer that links the maintenance and supply
Jepartment’s local area network. The main computer determines the aircraft’s status,
automatically assigns worxklcads to the appropriate workcenters, completes the required
supply transactions and determines where the needed replacement parts are located. If
the parts are not on the carrier. an immediate dispatch is telecommunicated :o the
closest re-suppiv ship or to the appropriute suppiy depot. Within a aaif hour, :he
CAG (Airgroup Commander) has a detaiied report listing wing aircratt status and
damaged aircraft mainienance requirements.

If, as in this scenario, the maintenance actions run the gamut from a minor
airframe hole patch to a complete wing replacement, there exists the possibility that the

available technicians have not performed the required maintenance repairs previously.
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To accommodate this dilemma, each maintenance control has at its disposal a

computer generated, multi-media display system consisting of an audio-visual and
elegantly indexed text presentation. This interactive automated technical
documentation system describes every possible maintenance action including an on-
line, real time video simulation with audio explanations of the required: maintenance
procedures, technical level of expertise, tools and support equipment and quality
assurance involvement.

The Airboss is not happy because of the situation, but at least he can continue
with the second stage of the planned launch and recovery cycle within one hour of the
mishap. The damaged aircrait are below deck in the hangar with five of the seven
aircraft expected to be in an up status within 12 hours, and the remaining two expected
to be up in 48 hours depending on parts delivery.

B. PRELIMINARY THESIS PURPOSE AND SCOPE

Although this previous scenarioc may sound somewhat dramatic and perhaps even
far-fetched, the specific automated data processing((ADP) applications depicted in this
dialogue including: automated supply transactions, flight hour accountability, on-board
component status systems and an automated or computer generated Navy technical
manual presentation system are presently in the implementation or research and
development stages. These programs include the Shipboard Non-tacticai ADP
Program (SNAP) series project, Naval Flight Record System (NAVFLIRS), Naval
Aviation Logisticc Command Management Information System (NALCOMIS)
prerogatives, the F'A-18 on-board engine and avionics systems analyzers and the Navy
Technical Information Presentation System (NTIPS). In fact, Mr. Joe Fuller of the
David W. Taylor Naval Ship Research and Development Lab in conjunction with the
Navai Air Systems Command. is developing a prototype NTIPS application study with
an F-14 squadron at NAS Miramar, Ca. The prototype consists of a ‘hangar-deck
workstation” which includes a standard micro computer, monitor (CRT). laser printer
and a commerciallv developed software package that retrieves and presents on-line
troubleshooting, corrective-maintenance and iogistic, suppiy (transaction coding and
part number verification) information. The operational ‘field’ test portion of this first
stage evaluation produced promising results and will be discussed in greater detail later
in this research paper.

The purpose of this thesis is to investigate the feasibility of implementing a large
scale automated data publication and distribution application similar to this prototype.




The research methodology will include a review of the evolution of Naval Aviation
technical manuals from the paper copy era to the possible future digitization
alternatives presently in the research and development stages. This data
transformation and automation effort will be analyzed with particular emphasis on: the
DOD:/DON directives relating to this issue, the more significant programs implemented
by the Navy concerned with Naval Aviation technical documentation and the mass
storage implications and media aiternatives associated with this topic. The mass
storage media option analysis will accentuate the optical/laser technologies, examining
and comparing the advantages and disadvantages of cost, environmental concerns,
updaung considerations and revision accountability. Consequentlv, due to the
enormous applications and breadth of such an analysis, this thesis will serve as a
preliminary feasibility study. This “go/no-go” determination will conclude with a
recommendation for continuance to a formal feasibility study.

C. THESIS CHAPTER OUTLINE

The following paragraphs briefly summarize the organization and contents of the
remaining chapters included in this research paper.

Chapter II provides an in-depth background of the Navy’'s technical
documentation problems, introduces the DOD’s initiatives on data conversion [rom
paper to a digital representation and advances the Navyv’'s concept and goal of the
‘paperless’ ship. This chapter includes thesis topic decision criteria, a more formalized
scope and objective statement and specific research questions that will be investigated.
The methodologies and limitations encountered in answering these questions are also
presented.

Chaprer IIl reviews general DOD DON data automation directives, while
Chapter IV details the evolution of Naval Aviation technical manual development.
This chapter analyzes several Naval Aviation programs implemented during various
stages of the technical documentation automation progression.

Chapter V orfers an overview of the ontical laser technologies. A brief historical
review and technicai treatment of the three options and the varied media formats
within each category is presented. The advantages vs disadvantages of each medium
and format. particularly those related to the large-scale publication and distribution
environment, are compared. The optical media format standardization issues are
discussed. This chapter additionally assesses the specific DOD military applications
and the on-going research projects investigating these applications.

12
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Chapter VI will review the development process of an actual on-line CD-ROM
aviation technical manual application developed for the British Airways’ Boeing 757
aircraft. The discussion will include the indexing and technical illustration
. representation problems and those issues that would effect the Naval Aviation
technical manual automation process. A review of the future technoiogy
advancements, such as the interactive CD-ROM (CD-I or DVI) concepts which
combine the text, video and audio benefits onto one disc, will be briefly analyzed {or
future applications.
Chapter VII will summarize the research effort, establish conclusions and make
recommengdations as to the most suitable alternative analvzed.

A

[
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II. BACKGROUND AND OBJECTIVES

A. DATA EXPLOSION PHENOMENON

The penalty or trade-off to implementing the automated data processing systems
described in section A and B of Chapter I is an aggregation of data that just could not
be accommodated by present day technologies given the limited resources and physical
constraints imposed bv the Navv’'s operating environment. Even before these data
intensive ‘advanced’ interactive and muiti-media ADP support svsiems are :ully
implemented. the administrative burdens associated with present technical support data
are becoming unmanageable. The increased technology and sophistication of new
weapons svsiems have generated support dJdocumentation requirements which are
increasing at an expiosive rate. This necessity for =xiensive technical suppert
documentation coupied with the sver increasing administrative and tactical suppert
data requirements have created a data management crisis that is reaching a crnitical
juncture in the DOD.

This exponeatialiv increasing data storage requirement has a significant impact
on several factors that intensifv this data management crisis. These factors incluce: the
exorbitant costs associated with the initial development and distribution of this
required information: the massive weight, environmental and space considerations
attributable to the storage of this data; and the complex task of publishing and
distributing revisions to previousiv disseminated documentation. In addition to the
excessive costs and nandling deilavs related to the extensive pubiication revision
processes, the technical manuai updaung accountability tparticulariy in the Navy's
diverse, dvnamic and giobal environment). is an administrative nightmare which ail too
often is not effectively managed. This inabiiity to eflectively follow up on and ensure
incorporation of technical decumentation revisions. presents a severe safety hazard
wilen denuuied mproper or utdated mamntenance procedures conunue oo e
performed.

This ‘data explosion’ predicament, a major problem effecting all Naval activities,
is degrading mission readiness and overall DOD performance. To illustrate this
problem of exponentially increasing technical support documentation within the Naval
Aviation community, an example of the historical technical manual growth by aircraft
1s depicted in Table 1.
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TABLE 1

“.
NAVAL AVIATION TECHNICAL MANUAL GROWTH :
A
("
o X
: 500 :-.
’ 400 :
[ ] .
z :
' NAVAL y
AVIATION .
! TECHNICAL 300 :
; SUPPORT .
; DOCUMENTATION N
(thousands of pages) ° N
| 200 3
. r
! X
1 . F
i
100
| -
0 R .__4?........“@“Ll.uikml.., o
1935 1945 1955 1965 1975 1985 R
YEAR %
YEAR  AIRCRAFT DESIG  AIRCRAFT CALL TECH. MANUAL i
; 1939 I-F GOOSE 525 PAGES 3
| 1942 F-6F HELLCAT 950 PAGES ~
| 1946 F-8F BEARCAT 1,180 PAGES .
,f 1950 F-9F COUGAR 1,880 PAGES N
: 1953 S-2 TRACKER 12,500 PAGES
. 1962 A-6A INTRUDER 150,000 PAGES
| 1969 F-4 PHANTOM 225,000 PAGES -4
1978 F-14 TOMCAT 380,000 PAGES g
1981 FIA-18 HORNET > 500,000 PAGES N
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B. THE PAPERLESS SHIP CONCEPT
A major point of the simulation of the original carrier flight deck scenario
presented in section A of Chapter I, is the ‘paperless’ transactions that transpire at
every stage of the maintenance evolutions described. The Navy, whose operational -]
constraints relating to weight, space and environmental conditions are more critical.
has long since recognized the need to solve the paperwork storage explosion problem.
A product of the research effort invested in trving to solve this ‘paperwork’ or d
data expiosion problem was the innovative and daring concept of the U.S. Nawvv
‘paperless’ ship. The goal of the ‘paperless’ ship has strong support trom the Navy s
highest level as directed by the CNO in a memo of DEC 1986 [Ref. []. This directive
confirms the fact that this goal is not just a iong term pipe dream but a commitment to
accomplish this objective by 1990. Spearheading this ‘movement’ to reduce this
paperwork storage requirement is Vice Admiral Joseph Metcalf, Deputy CNO :or
Surface Warfare. In an AP wire service ariicle titled “Damn the Paper Work. Fuil N
Speed Ahead”, Admiral Metcalf suggests:

When one of the Navy’'s newest frigates leaves port it carries Standard air-
defense mussiles, Harpoon anti-ship missiles, MK-46 torpedoes - and lots of
paper.

So much paper that if you add in the file cabinets needed to hold it all it
comes to 41,000 pounds--20 tons . . . “We do not shoot paper at the enemyv”. 5
Most of it represents thousands and thousands of pages in technical manuals, '
considered essential to sailors who must maintain or repair the sophisticated -*‘
weaponry and propulsion systems that make a modern warship potent. "We -
don’t train sailors to be registrars and correctors of publications . . . that’s dumb” o
. . . Navy ships already have small personal computers on board and the Navv y
also is now exploring off-the-shelf items in use by industrv such as “laser cards” .
and magnetic or opticai discs. [Ref. 2]

Echoing this call for a reduction in paperwork storage, Rear Admiral Harrv S. .

Quast, Director for Navy Information Syvstems. foresees the need for a svstem similar

to that described in the carrier scenario of section A of Chapter 1.

F WY Y

0

Gone will be the libraries of maintenance manuais, instruction books and
operations data weighing several tons and filling hundreds of storage shelves in
the sea service’'s 600 ships . . . Gone, too, may be lesson plans for classes, laundry
lists, cooks’ menus and even their recipes. Pens and pencils could become
archaic . . . in their place--more fitting for the Star Wars age--will be compact
discs, portable laser machines and other computer generated images the ships’
crew will need to perform the day-to-day work and maintenance on their vessels.
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Instead of carrying a maintenance book into the bilges of a ship to repair a
pump, tomorrow's sailor may well carry a small computer terminal in his
toolbox. [Ref. 3: p. D1]

The Navy is of course not the only DOD agency dealing with this paperwork

storage provlem. In fact, a precursor to the Navy's proclivity towards a ‘paperiess’
agency, was the DOD’s efforts to establish a policy on data conversion from the
existing paper-intensive documentation support process to an electronic and automated
digitized data format. It should be obvious that the transition from the paper based
media to digital oased storage alternatives is no short term or easv evolution. The

my e g0 g

DOD and more specifically the individual services, have to acknowledge the long term
ramifications of disjointed data digitization methodologies. It is imperative that the
N DOD and the individual services ratifv a policv on data standardization issues early on
in this process and vet remain flexible enough to accommodate the ccnsiderable
technological breakthroughs cccuring frequently in the ADP environment.

C. DOD DATA DELIVERY AND PRESENTATION DIRECTIVES

As a result of the concern over the vast amounts of paperwork associated with
new weapons systems, a DOD initiated study was established to preclude the Defense
Department’s (or for that matter the entire Federal Government’s) repeated occurances

. ol Sl

of inter-service, non-standardized acquisition of support documentation related to both
hardware and software information environments. The DOD has been researching this
data transportability problem for several years and this study culminated with the
formulation of a joint agency agreement on digital data standardization. The release of
the DOD CALS {Department of Defense Computer-aided Acquisition and Logistic
Support) draft in March of 1987 [Ref. 4], which included MIL-STD-1840A also of
March 1987 [Ref. §}, directed that current and future DOD documentation will be in a
digitized format. This joint services initiative was a major DOD commitment that
heralded in a new era of data presentation and storage. Although this directive is a
major milestone in the implementation of elecironic information transfer within the

DOD, many unanswered questions and compiex problems related to the transition :0

T W W S, e

the digital tormat remained. Therefore, the CALS directive and similar pertinent DOD
directives related to the evolution of data representation processes will be discussed in
this paper. Unresolved issues concerned with this data conversion and relating to the
mass storage of this support documentation, will also be investigated in this research
paper.
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D. NAVAL AVIATION TECHNICAL MANUAL EMPHASIS

Due to the myriad of data management issues that can be analyzed within just
the Navy's organizational structure, this research necessarily will concentrate on a
specific area. Consequently, this preliminary feasibility study will investigate the
directives and programs specifically applicable to the Navai Aviation technical manual
publication methodologies. Furthermore, a detailed analysis of the aiternative digitai
data storage and presentation methods applicable to the Naval Aviation technicai
manual arena will be conducted. This specified research arca is a fairly representauve
segment of the DOD regarding data storage problems. The Navai Air Systems
Command (NAVAIRSYSCOM) has been rather progressive in approaching :his
problem and has initiated several programs to automate the aviation maintenance
system and its associated logistical support structure. These programs will be reviewed
as appiicable to the evolution or contribution to the digitization process of Navai
Aviation technical manuals. A major unresoived issue, one of which s a signiificant
topic deveioped in this paper, is the method to convert the literally mules of historicai
technical data files to the digital format. The raster scan process versus the
vectorization method will be anaivzed and detailed as a major objective of this thesis.
Additionally, and more specifically, the emerging laser optical mass storage format -vill

be analyzed for possible applications to solve this information deluge problem.

E. THESIS TOPIC DECISION

The optical mass storage technology is at best in its infant stage. In fact, after
completing close to half of the requirements for the Computer Systems Management
master’s program at NPS, I was virtually unaware of the optical media potential not to
mention :he on-going optical media technology research applicabie to and in some
cases sponsored by the Department of Defense. | determined my thesis topic wouid
relate to Naval Aviation technical documentation and the optical media alternatives
while fulfilling a quarter project for a course titled Contemporary Computer Svstems.
Assigned to submut a paper and deliver a classroom presentation on the emerging :leid
of optical mass stcrage technelogies, [ was immediateiy struck with how weil suited
optical media applications (particularly the CD-ROM format) related to the large scaie
technical publication environment of Naval Aviation. I contacted the Naval Aviation
Technical Service Facility (NATSF) seeking sponsorship. Quite coincidentally, Mr.

Jerry Gruden, of the NATSF Policy and Plans Division, was conducting preliminary X
feasibility studies on the electronic data distribution alternatives which included the ]
»
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; optical media option. The NATSF organization agreed to sponsor my research and
’ funded a fact-finding research trip to the NATSF facility in Philadelphia and to several
’ electronic data transfer research labs in the Washington, D.C. area that are
investigating or implementing an optical mass storage svstem.

F. OBJECTIVE

The objective of this research begins with a review of the evclution of weapon
svstems’ support documentation development, publication and distribution
methodoiogies. This evolution review will include a synopsis of pertinent DOD and
DON directives reiated to the automation of this supporung documentation ‘vith
particular emphasis on the Naval Aviation environment. The paper continues with the
analysis of data digitization processes and mass storage methods and media
alternatives. This research wiil specifically investigate the opticai media solutions
relating to the excessive costs, andling delavs and administrative puraens associated
with the present Naval Aviation technical manual distribution system.

G. RESEARCH QUESTIONS
The following research questions represent the overall direction, organization and
scope of this paper:
1.  What DOD'DON directives and programs related to support documentation

development and storage have contributed to the digitization process and data
automation goals? (a review of the evolution of these programs and policies)

2. Does the cptical mass storage media option have any practical applications in
the militarv environment and in particular relating to the Naval Aviation
publication distribution regime ?

L 9Y)

What are the implications of converting the present dav paper or microfich
Jdocumentation iibraries :nto the dJdigitized format! iraster scan vs vecier
representation issues)

4. What are the implications of the revision or updating issues related tc the
optical storage technologies? (telecommunication possibilities for critical
technical pubiicaticn updates; cost and accountability considerationss

ta

Wil the present lack ot sptical technoiogy standards Deceme 4 UjoOr srue o
military investment and appiications ?

6. What are the implications of the developing interactive muiti-media optical
storage techniques with regard to technical referencing, maintenance technician
training and improved troubled-shooting and quality assurance actions’

19




H. METHOD OF STUDY
A three-step methodology will be utilized in this research to determine a
recommendation for continuation to a formal feasibility study:

1. Stage One: This stage will consist of an extensive literature search with
particular emphasis on the {ollowing topics:

e DOD'DON directives and programs related to the evolution of technical
manual digitization and data automation

e Specific optical media issues :

- historical development - brief review of pioneering <corporations’
attempts to develop and market optical media: problems encountered.
significance of the compact disc audio inaustry success and unresoived
probiem issues (standardizaticn, text search and retrieval software
efforts)

- technological overview - basic ‘nuts and bolts’ issues, comparison of
technology between both magnetic media ind the severz]l tvpes <f
opticai storage -advantages vs. Jisadvantages)

- pubiishing applications - investigate the large scale publication
environment and highlight the areas most susceptibie to optical media
implementaticn and in particular consistent with military applications

- industry projections - cost reductions, improved and automated data
retrieval  development, multi-media Jdiscs  appiications, projected
technology breakthroughs

e Graphic or illustrative representation issues - non-textural digitization
methods, CAD/CAM implications, raster scan vs vector format

2. Stage Two: This stage will analvze the Naval Technical Manual Publicaticn
and Distribution methodologies including: evolution of program: pertinent
Jirectives and charter: and short and long range plans to improve the svstem -1a
clectronic means. Additionaily, this anaivsis will review those programs reluted
(0 Jata autcmauon and or the intormauon digitization process inciuding: e
DOD directive titied Computer-aided Acquisition and Logistics Support
{CALS), the Navy Tecanicai Information Presentation Svstem ¢NTIPS). the
Maintenance Information Automatic Retrieval Svstem (MIARS), and the
Naval Aviation Logistic Command Management Information Svstem programs
INALCOMIS,.  This stage will review the specific militarv  applicutions
rpurticularty the on-going rescarch projects) deualing with tne optical storage
media  field. This review  will inciude the preposed cpucal storag:
implementation schemes and alternative solutions related to the data
distribution and storage problems within the Navai Aviation environment.
Stage Two included travel to the Naval Aviation Technical Services Faclity
(NATSF) as well as several Naval Research Labs and government contracted
corporations developing optical media storage and publication projects refated
to NAVAIR technical manual administration.
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3. Stage three: This stage will evaluate all the data reviewed in stages one and two
and will offer an overall analysis of cost vs. benefits (maintainability,
survivability, space and environment support savings), initial hardware
investment estimates, security and standardization issues, future training
implications of the interactive optical alternatives, indexing and data retrieval
problems, :iext vs. graphic (illustrations and diagrams) digital representation
1ssues and f{leet acceptance. This stage will determine a recommendation (a 'go-
no go’ decision) for continuation to the prototyping stage for realistic cost
estimation and system effectiveness.

I.  SCOPE AND LIMITATIONS

Thus research will serve as a {irst-step or preliminary feasibility study *o determine
the viabiiity of the optical mass storage alternatives in relation to the Naval Aviation
technical manual documentation digitization process. The advansiges and
disadvantages of the ‘ormats within this technology wiil be compared 'with particuiar
emphasts aimed at the Naval Aviation technical Jdocumentation publication and
distributicn methodologies. A historical review of approoriate DOD 'DON directives
and the previousiv implemented programs aimed at automating Navai Aviauon
maintenance data retrieval and recording will be presented. An analvsis of the
completed, commercially developed CD-ROM Boeing 757 maintenance manuais
developed for British Airways will be presented and screen dumps of this application
will be included if approved bv appropriate proprietary authoritv. Due to :he
immaturity of this technologv, many companies did not have a completed cost study
avaiiable or due to competitive pricing, were not willing to release cost compariscns or
development investment on optical disc preparation. The majority of the literature
review was constrained to periodicals due to the limited published references on rhis

technoiogy.

J.  EXECUTIVE SUMMARY

The increased sophisticaticn of weaper systems has generated an exponential
growth n the associated technical support Jocumentaticn. This “data explesien
reiated 10 DO weapen sysiem - USPOr J0CUMEniaton » JeLdnung inmanadgeanie i
its present form. Tue DOD hus recogniced thus diemma and embriced 1 ;o0int DCL-
industry study which culmunated :n the relcase ot the Computer-aided Acguisition and
Logistic Support {CALS) muatve. This direcuve required ail current and iuture

weapon systems’ technical support documentation to be in a digitized format.
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The Navy, whose operational constraints related to weight, space and
environmental conditions are more critical than other DOD agencies, has long since
‘recognized the need to solve this paperwork storage problem. The DON has been
pursuing electronic data representation and information automation with programs
such as the SNAP project and NALCOMIS development plans. The CNO has

demonstrated strong support for the ‘paperless’ ship concept and with the release of

OPNAYV 5440 of FEB 1987, the CNO has assigned responsibilities for impiementation
of the DOD CALS initiative.

With the advent of cpticai mass storage media, a five foot stack of tvpewritten
pages can be piaced on one CD-ROM. The implications or being abie 10 store such 2
massive amount of data on one 4.72 inch (12 cm) disc that is pracucaily
environmemélly unalterable , deserve investigation. British Airways in cooperaticn
with The Boeing Aircraft Companyv has cpted to incorporate the opticai CD-ROM)
technology for their next generauon of aircrait by placing the new Boeing ~37's aircrait
maintenance and related manuais ¢ a multi-volumed ., ‘ive foot stack of *ext ind
illustrations ) onto one CD-ROM. This research will attempt to Jdetermune if rthe
commitment on the part of a major commercial aviation activity applies to Navai
Aviation. Additionally, due to the advancements in the CD-ROM interactive
environment, the possibilities of multi-media applications will also be investigated.
There is presently available a technical manual that has been arranged on a CD-
Interactive medium that displays a video, audio and textural presentation via a CRT
screen. The quality assurance and training implications of this application relatzd 1o
the Naval Aviation environment are phenomenal.
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III. EVOLUTION OF DOD/DON DATA AUTOMATION DIRECTIVES

A. COMPUTER-AIDED ACQUISITION AND LOGISTIC SUPPORT (CALS)
INITIATIVE

The eventual replacement of paper as the primary medium of communication
coupled with the integration of an automated information system. have been the long
range goals of the Department of Detense's Logistic Infrastructure since the
proliferauon of eiectronic data representation. As the sophistication and the
accompanying support documentation of present and new weapon systems continues
to grow, the method to store. transport and access this data has become a major
problem and expense. In addition :0 this previously described data expiosion problem.
the growing demand tor a uniiled. inter-service life cvcle methodology relating to
weapon svstems acguisition and maintenance. supports the need for DOD standardized
data support.

The Defense Department recognized the need to embark upon a goal of inter-
service operability or data portability and embraced a joint Industry-DOD study aimed
at recommending some solutions to this growing issue. This study, completed in late
1985, culminated with the release of the CALS (Computer-aided Acquisition and
Logistic Support) Core Requirements Coordination Draft (PHASE 1) [Ref. 4]. The
CALS ‘directive’ endeavors to establish a standardization policy relating to the
development, acquisition and maintenance of weapon systems’ support documentation.
The underlying motive for this ‘directive’ is to provide an integrated set of program
requirements with accompanving guidelines, procedures and standards to facilitate
contracting for digital data in weapon system and data system acquisitions. Directed
at Military Depariment and Defense Agency program offices, the requirements provide
a common baseline for future technical data acquisiticn. As such, the overail

objecuves of the CALS Core requirements:

. embodies a strategy to develop networks of shared systems between
industry and government, using “intelligent” data as the exchange media. The

program’s goal is full and total implementation within a ten year plus time frame.
[Ref. 4: p. 3]

23

Sy

[}
f]

IR A,

P
L |
o .,

B AR

W ' e
A

"\ % 's \"-.

st e .
T

v

.
* ;L

Ny

o . -
[}
sty Yt

>

‘e Ty Te e My

“» s
.',"‘..‘.

i

o

XXX Ay

4@ %

]
'a’a



gt et Lt ¢ st gt N e Am g s &t N N o av bl A'e AV Al tatale Al al tad tal af caf b { s v A ol fak ‘el el ek gk b, BN

b Embarking upon such an ambitious project, even over this proposed ten year
period, requires an awesome managerial effort. The fact that this “directive’ is a draft
proposal not yet fully sanctioned or approved by the DOD is noteworthy. Trving to
formulate a standardization policy within just one defense agency by itself is a major
milestone. Trying to establish a standardization policy of such far-reaching magnitude

-

across the entire DOD organization may in itself prove to extend beyond the ten years
planned for the entire CALS package implementation. Accordingly, this objective is
predicated upon a long range phase implementation program [Ref. 4: p. 3] that wiil
\ ultimately link the enure military logistical infrastructure to foster:

e Streamlining and integration of selected weapon system functions pertaining :0
Jesign and logistic support

¢ Minimizing data redundancy and maximizing data integrity, consistency, and
traceability :

e Increasing effectiveness and efficiency in the inter-organizational exchange of
digital data among the DOD and the defense contractors

The CALS goal is to be realized in two major stages. Phase | is concerned with
the ‘system architecture’, or the ‘hardware’ interfacing of the myriad computer svstems
and applications currently utilized within the DOD. The evolution of the Defense
Data Network, its standardization efforts, inter-service proliferation and acceptance is
an example of this first phase goal. Phase II is more concerned with the ‘data
management” issues. The access, ownership and general database distribution policies
and format standardization are examples of Phase II considerations. This phase will
additionally set integration standards for emerging technologies. Phase [I will
emphasize the implementation of on-line database interaction vice the file bulk transfer
exchanges accentuated in the earlier phase. 2

The scope of the CALS program encompasses the entire weapons svsiem ’
procurement process from the preliminary mission element needs statement to final
delivery of the technical support documentation and the revisions associated with this
disseminated information. This spectrum includes any automated data processing
action apriicable to weapons system acquisition. Some exampies inciude:

- an agency's request for proposal (RFP) is presently listed :n speciiied K
government periodicals. The CALS directive would enable this information to
be ‘sent” by digital representation via electronic mail to those corporations
subscribing to the appropriate "bulletin board’ service on a joint DOD-industry
supported network. "
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Although many specific data representation and transmission standardization r
requirements are presented in the CALS draft. various general issues [Ref. 4: n. 6-9] 4
. X . ~ . . L -]
that have yet 10 be resolved with a {inal, approved CALS directive inciude:

e Data Security - transmission of classified ; proprietary data and authoritv to o
modify or update contractor data comprise several data securitv issues o~

e Contractual Statement of Work Language - format and distribution policies {or "3
functional requirements and contractor bids, proposals for contract decisions ;

e Graphical or Technical lilustration Representation - foermats and standards for
non-textural information needs to be addressed promptly as CAD:CAM -
weapon system development is becoming commonplace in the aeronautical , .
environment (vector representation issue) g

¢ Data Compaction and Consoiidation - with the advent of less expensive <
magnetic media memorv and the laser disc technologies, data intensive but [
elegant ‘three-dimensional’ engineering drawings that can be manipulated "3
(rotated , reduced or magnified) are now available, however, government
contractors need standardization guidelines (CAD,CAM issue) X

¢ Digital Conversion of Archival (paper or microfiche based) Technical .
Documentation - the raster vs vectorization options for the digital conversion of '

the numerous repositories of non-digitized records and drawings is a major issue :
that is discussed and is :dentified as an immediate decision item "

® ‘expert’ systems - ‘intelligent’ {decision support) data resident in knowledge X
bases and interactive or advanced telecommunication appiications are exampies ~

of the iterative technologies that justity CALS impiementation flexibility

The optical technologies are discussed in both the CALS directive and the MIL- .
STD-1i8<DA, but to iilustrate the mmmatunty of this topic, OD3 (opucai digitai data N
disk) is Jdescribed as an evolving technciogy that has vet tc stabilize sufficientlv :or R
standardization.

In Conclusion, the CALS and MIL-STD-1840A are quite technically specific and b,
detailed in describing formats. protocols, data exchange procedures, etc. However, o
because so many digital data issues are still evolving in a verv dynamic manner, many ;

;
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an illustrated parts bulletin (IPB) data base developed on a CAD/CAM vector
format system with text portions complying with the SGML (Standard

LA

Generalized Mark-up Language) text structure and format coding standard.
a logistic support structure designed with an automated supply transaction [
interface. ,:

An example related to this research includes quarterlv revisions of a Navali
aircraft maintenance manual mailed on a CD-ROM with rapid action .
maintenance engineering changes (RAMECS) sent via telecommunication link

and stored on a magnetic floppy for indexing overiays.



appropriate or efficient standards set today may well be obsolete within a year. The
CALS program attempts to solve this dilemma by establishing general guidelines vice
specific standardization policies for the more iterative and less crucial issues. The
‘directive’ defers setting a standard on these issues until the technology stabilizes or
matures. As noted. some issues require 1mmediate government intiated
standardization. In many cases, this commitment bv the government or more
specifically by the DOD, may actually set the industry standard and force stabiiization
of that area.

Most significantly, CALS is functioning 4s a generai guideiine or ‘umbreiia’,
which has identified the major probiems associated with daia digitization
standardization. The CALS core requirements package is {lexible enough at :his stage
to give each of the individual services enough leeway 1o make specific inputs to a final
standardization policy while enabiing a gradual transition of present und under
Jevefopment wearon svstems to 4 digitized data tormat. Zach orf the separate services
have cstabiished techinical documentation automation programs that wiil ve influenced
by this initiative when f{ully sanctioned. Exampies of these programs inciude: *wo
Army’s projects--TIMS (Technicai Information Management Svstem) and EIDS
{Electronic Information Delivery Svstem): the Air Force’s project ATOS ‘Automated
Technical Order System); and the Navy’s project NTIPS (Navy Technical Information

Presentation Syvstem).

B. THE NAVY TECHNICAL INFORMATION PRESENTATION SYSTEM
(NTIPS)

The Navy's NTIPS program is a comprehensive effort to identifv the proviems
and define solution =arameters associated with the technical information Jdevelopment.
organizauon and distribution poiicies. This program encompusses ail technical
documentation associated with the operation, maintenance, training and logisticai
support of Navy svstems and equipment. This program was in response to repeating
technical information deficiencies in the {lect, recognized dv several readiness review
srgamizations as euriv as 1977, Following nputs {rom numerous tleet commanders
echoing this technicai documentation probiem, the CNO estabiished an R&D program
on technical documentation improvement that evolved into the NTIPS program. Some
of the deficiencies identified by this study [Ref. 6: p. 1.3.1] include:

® [ncreasing complexitv and volume of TI (technical information) coupled with
decreasing reading and comprehension ability of Navy personnel




¢ Delays in providing initial documentation and in updating documents to correct
errors and reflect configuration changes

¢ Inconsistencies between technical documentation for training and technical
documentation for maintenance

¢  Excessive number of errors and other inadequacies in T1
® Escalating costs of developing and distributing TI
The NTIPS study evolved into an automated technical documentation delivery
system analysis. This shift resulted as the issues developed in Chapter 11 of this paper
(data ‘explosion’ and 'paperless’ ship concept) became more apparent. [n addition to

these previously bricied documentation considerations {cost, weight. space and

updating issues), this study was driven by the exponentally decreasing costs of

electronic data representation, storage and distribution. This drastic cost reduction
enabled large scaie DOD computer implementation and elicited new technical
documentation deveiopment and distripution procedures. This wind{all accelerated the
autornated electronic delivery design process and evaluation stages.

During FY 1978, various prototvpe data automated applications were
implemented throughout various command environments tor NTIPS System concept
analysis. The major players involved in this evaluation included the Navy Systems
Commands and the Navy Training Commands. A sampling of the prototvpe programs
implemented during this evaluation -period include: a NAVAIR project writing
emergency procedures found in piiot’s manuals, a NAVSEA program which developed
and implemented the modular specification concept and the Training Community’s
adoption of a computer authored program to write course material on Morse Code for
signalmen and the development cof 23 computer-aided lessons for aerographer’s A-
schooi instruction.

In late 1979 and early 1980 Phase IlA of the five total phases of the NTIPS
schedule included an analysis of these programs. The preliminary results of this study
indicated significant benefits and potential related to electronic presentation and
distribution methods. This nhase concluded with the preliminary svsiem concert
report [Ref. 6: p. 1.6.1] which outiined the following major or long runge rescarch
objectives:

e define the interface between the Integrated Logistic Support Process and
NTIPS - use of a common, on-line database

¢ incorporate an NTIPS interface with the Training Community to ensure
training and operational compatibilty in maintenance procedures
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: ® investigate the possibility that a fully-automated, digitally-based NTIP system
can provide and control variable media presentations

o ¢ Resolve the implications of an all digital system which will:
- permit matching the TI to varying degrees of user experience levels
- be amenable to proceduralized jobs
- make TI update and contiguration management easier
- be capable of collecting data on maintenance efficiency and trend analysis

e develop the concept of moduiar specifications in which a computer will be used
| to select and compile individual requirements statements for each kind of Ti as
specified by the NTIPS user

e Jevelop a computer-authoring concept in which the computer is pre-
programmed to write course material

q e research benefits of an automated publishing system (estimated annual savings
’ for the Training Community s S 700.000)

With the release of the Svsiem Development Plan (SDP) (Ref. 6: p. 1.4.1 - 1.3.1],
Phase IIl established the foilowing NTIPS primary goals and objectives specifically
related to the operators and maintenance technician’s perspective:

¢ Technical Information (TI) quality and consistency - The User-TI Match
process will ensure new T1 will match user ability and present information in a
format suited to user job tasks and working environment.

e Accuracy of the TI - Improved quality assurance procedures, speedier
correction of errors and resolution of configuration mismatches.

. ¢ Homogeneity of the basic technical content presented to users - Job TI will first
be encountered at service schools ashore, later in shipboard or squadron
training and finally in working assignments. NTIPS will provide coordination
and integration for training, operation, maintenance and logistic support tasks.

¢ Efficiency of TI preparation and control - More etficient. standardized methcds
of generation. replication, distribution, feedback and update are inherent in the )
NTIPS underlving policies of digital data generation and transportability.

' e Opportunity to apply cost savings resulting from NTIPS to improve Fleet
readiness in other areas - The Navy currentlv (1982) maintains a S35 billion TI
inventory and spends millions of doilars on TI annualls. Savings i TI
acquisition and update costs would be significant. '

e Re-evaluate state-of-the-art technologies reiated to TI generation, distribution
and control, coordinate with developing DOD directives relating to technical
documentation acquisition and digitization.!

; 'During the later phases of the NTIPS program, the DOD indicated a data
' digitization standard study was being initiated. This study resulted in the DOD CALS
“directive’ published in 1987 and discussed in section A of this Chapter.
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¢ Consider evolving human factors and supporting technologies - include human
engineering principles, define information philosophies and establish
presentation methodologies consistent with current research in the design of
both hardware and software support systems.

In conclusion. the NTIPS program was the Navy’s initial attempt 0 standardize
and integrate the proliferating technical support documentation. The program
generated into a data digitization feasibility study as a result of several overiapping
System Commands’ independent ADP programs initiatives such as NAVAIR’s MIARS
program. NAVSEA’s SNAP series and NAVSUP and NAVAIR's joint etforts in rie
NALCOMIS program. An NTIPS phase -eport conciuded that the henefits and
potential of automated electronic data presentation systems mandated prompt
development foilowed by major command, large scaie impiementation. This program,
in conjunction with those similar automated technical documentation programs of the
Navy’'s sister services mentioned in secticn A of :his Chaprer.~ set the precedent ‘or the
DOD CALS initiative.

2The Army’s TIMS and EIDS projects and the Air Force’s ATOS program
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IV. EVOLUTION OF NAVAL AVIATION TECHNICAL MANUAL DATA
AUTOMATION

A.  AUTOMATED DATA SYSTEM BACKGROUND

The Kennedv Administration of the euriv 1960’s, influenced by Secretarv of
Defense Roover: McNamara. impiemented a Department of Defense weapon svstem
acquisition program similar (0 thut of a4 [oruune SO0 corporation. TS imanve was
an attempt 0 ransiton thie DOD rom 2 non-orotit ke orgomization o a fscal
accountable environment. Bringing the management stvie and budgetary concepts e
used as Chief Executive Officer of Ford Motor Co.. McNamara