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CONCLUSIONS AND RECOMMENDATIONS

The Apollo Applications Program (AAP) - Data Archives study has provided the
opportunity to relate the work accomplished in the Mercury, Gemini and Apollo pro-
grams to the planning and development phases of the AAP, The study has reviewed
and investigated those aspects of the programs which relate to collecting, storing,
and distributing the experimental data and experimental support data associated with
the AAP. Certain critical facts have been exposed during this study, bringing into
focus the parameters to resolve the plan for establishing a repository for the ex-
perimental data. The aspect of making the AAP experimental data available to
industry and other users as a public service has been addressed,

As a result, specific conclusions and/or recommendations are highlighted in
this section, to direct attention to those items which are considered most signifi-
cant. These items are hereby presented in an orderly, condensed format, Addi-
tional facts and data may be found by a more detailed perusal of the complete
report.

The task emphasized during this period was the survey of potential users, This
emphasis was necessary because the need for an archives as well as the ability to suc-
cessfully interface with users had to be established as soon as possible. Only 17
percent of those contacted were aware of the AAP experiments relevant to their own
scope of research, only 22 percent were aware of the results obtainable by combin-
ing data from AAP sensors and none were aware that data from the AAP would
be made publicly available, Most of the potential users contacted are eager for data
and already have equipment capable of handling it. The eagerness has demonstrated
itself in an expressed desire by some companies to design and submit their own ex-
periments and to participate in a pilot Apollo Applications Program Archives System.
This study was hampered by a lack of open literature from NASA concerning the
approved AAP experiments and by a general lack of publicity concerning the AAP
itself. Thus, it became necessary to devote a great deal of time to educating poten-
tial users. The study has shown that if appropriate information is made available,
the archives will be replenished by new data from experiments generated by industrial
and academic communities. The new experiments will be a direct result of "in depth"
investigations into experimental data made available from the archives.

A continuation of the survey is recommended if NASA expects to work with in-
dustry toward uses of experimental data derived from AAP. The highly organized
method of operation derived during this contract has provided the key clements (i.c.,
initial contact point, prebricfing letter presentation, continued liaison) {for an operat-
ing nucleus which can be expanded. In the event that it is impossible to continue the
linison established during this study, action should be taken to dissolve this relation-
ship to prevent loss of confidence in the ability of NASA to deliver required information
to the potential user,

vi
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As it has been a key element in this study, the interface with users will also be
an essential feature in the development of the Apollo Application Program Archives
(AAPA). For an undertaking such as the AAPA, it is extremely important to have an
active body of users who are both aware of the system and the data stored therein, as
well as the mechanics for extracting or retrieving the data. Thus, it is recommended
that the user visitations and presentations be continued on an even larger scale to a
broader base of industrial, academic, and governmental representatives. Experience
gained from this study further indicates that in order to accommodate the small busi-
ness activities with the AAPA, it will be necessary to provide a central repository with
some peripheral equipment for analyzing data.

With so many experiments having a potentially large user interest, it would be
possible to establish the pilot AAPA on data from AAP 1-A alone, The data itself is
of extremely diverse content and in formats so various and numerous that the types
of record media to be handled are not even known in advance. Data use is by a geo-
graphically dispersed group of users who in total cannot be identified in advance with
certainty and who have no organization, subject or discipline in common. It is a
messy situation and one which is potentially quite expensive, or disastrous, or both
for the AAPA. Effective steps to manage such a difficult situation will require imme-
diate action to create a broad and facile information tool to support the AAPA data
control subsystem.

The first thing required in any further investigation is a rigid definition of the
scope of the system; i.e., what direction will the system take, what data will it store,
and what data classes (experimenter tapes, reduced data tapes, raw data tapes, etc.)
will it store. With this completed, the functional details behind the first level flow
diagram (Section 3.7) may be established.

It is believed that at least initially, the AAPA should be a self -contained system
storing all non-space-oriented AAP data (the space-oriented data to be stored within
NASA at the NSSDC). As such it will have its own distribution scheme, Since the sys-
tem will service government, industry, and the scholastic community, the detailed
nature of the distribution mechanism will accordingly depend both upon the users'
facilities and the frequency with which each user queries the arcchive.

The initial system, aimed at fulfilling the system requirements through a limited
time period (about two to three ycars), will provide a basic working system, conservia-
tively outfitted but capable of multidirectional expansion. While the system is evolving,
additional user information can be gathered, and as this data accrues, the systematic
expansion can then be planned to enable a closer fit between system demands and per -
formance capabilities. This approach is in keeping with the general economics of a
system such as the AAPA, Since the utilization requirements will be small at first
and grow with time, there is no justification for implementing a full -blown system
at the outset when it would not be utilized.

vii
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It has been concluded that although user requirements must be given due con-
sideration in determining which experiments data are to be stored in the AAPA, the
exact requirements cannot be predicted in advance with a full degre= of accuracy.

Nor is across-the-board active storage of all data the solution; this operates at cross
purposes with the effective and economic retrieval of data required to satisfy user
needs. The argument then, is strongly in favor of a dynamic system involving the con-
cepts of both active and inactive (or less active) storage, and depending on the retire-
ment of low usage data for preservation of effective retrieval. This is the basis of

the system concept outlined in Section 3, 8.

The requirements of the users of the experimental data do not, at this time,
justify a decentralized system of distribution. The types and forms of experimental
data that will be available for distribution, according to the present experiment list-
ing, do not require real time or near real time distribution. The number and location
of potential uscrs presently interested in the experimental data do require a source
of information concerning AAP experiments, but during the initial phase of the program,
the demand for experimental data is unlikely to be so great as to justify the increased
facilities.

NSSDC is the logical repository for all space science data resulting from AAP exper-
iments. Because of the fact that the information is applied to different disciplines and that
the users will probably require different types of information and have differing needs,
it is recommended that the NSSDC and the AAP Data Archives should be separate
organizations. Up to thirty-five percent of the presently scheduled AAP experiments
are space science oriented and should be housed at NSSDC.

It is clear that there is neither a complex of software, nor one piece of hardware,
which can perform all of the major functions involved in a total information storage and
retrieval system. Such a system requires pieces of hardware and software tied to-
gether by a set of procedures, If the AAPA is to function principally as a straight -
forward information retrieval system, the business -oriented computers secem opera -
tionally adequate., If the archive operation develops more toward retrieval and
specialized output processing to suit individual users' necds, it can bhe generally
assumed that this will constitute an additional need for scientific processing capability.
In this case, the procurement of main frame equipment more oriented towards scien-
tific processing may be justified. It was ascertained that state-of -the-art equipment
and software is adequate for a pilot svstem,

Two outstanding problems are 1) the need to educate the broadest possible
base of potential users and 2) the need to provide each user with sufficient information
about the background of experiments to permit a self-analysis of data requirements.
To help alleviate these problems, while at the same time providing a positive step
toward the creation and organization of the AAPA, it is further recommended that
NASA undertake to review and categorize (under S.I.C. sector number designations)
cach experiment, That is, at some time during the cycle of approving an experiment,
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each experiment should be reviewed to determine its applicability to an economic
(as opposed to scientific) endeavor and then an effort made to pinpoint the specific
economic sector, This would compliment NASA's internal bookkeeping, initialize an
AAPA reference index and provide for efficient distribution of information to poten-

tial users.
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SUMMARY

The Apollo Applications Program Data Archives (AAPA) study was made for the
purpose of identifying the requirements for a system to handle the experiments-relat-
ed data associated with this program. The work performed consisted of the five tasks
listed below:

1) Survey of ficld of potential users to determine what their requirements will
be

2) Definition of performance specifications and development of a first level
flow chart for information storage and retrieval system to serve the needs
of future inquiries to the archives

3) Study of alternative structures which the archives might assume and recom-
mendations regarding the amount of decentralization required

4) Study of the feasibility of including the archives within, or joining them to,
the National Space Science Data Center (NSSDC) at the Goddard Space Flight
Center

5) Asscssment of the state of the art of ADP hardware particularly suited to
the unique information processing and storage tasks associated with a data
archive

The period of performance for this project was from May 15, 1967 until February
15, 1968. The results of the performance of these five tasks are contained in this re-
port. The task emphasized during this period was the survey of potential users. This
emphasis was necessary because the need for such archives as well as their ability to
successfully interface with their users had to be established as soon as possible.

Following is a list of the highlights accomplished in the performance of the five
tasks:

Rescarch Highlight: Designed and Developed Unique User/Space Experi-
ment Corrclation Technique

e Analysis of Experiment Data to be Made Available
° Formal Uscer Briefing Designed and Developed
@ Review of NSSDC; Existing System and Charter

User Survey Conducted. 32 Government Agencies Contacted
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15 Presentations Made to Industrial Firms

3 Meetings With Academic Institutions

® Established AAPA Performance Boundaries and Assembled Criteria of
Operation

o Estimate of Data Base Established
e Analysis of Distribution Methods Based Upon Preliminary Requirements
® Review of Software Consideration for Library Forms

e Established a Preliminary List of Primary and Secondary Input Sources to
the Archives

e Investigation and Analysis of AAPA Input/Output Interface Requirements
® Developed Factors for Future Growth Pattern of Archives

® Preliminary Throughput Analysis of AAPA System Conducted

e Conducted State-of-the-Art Assessment

® DPreparation of Bibliography for AAP Archives and Data Flow

® AAPA System Specifications Defined for '""Pilot" and ""Operational' Phase
® Development of AAPA System Functions and ""First Level" Flow Chart
® Detailed Analysis Performed on Critical Control System for AAPA

® Generated Staffing Requirements for AAPA

e Dotential User's Requirements Analyzed and Discussed

® Review of AAPA System Specifications for AAP TFlight IA

e Developed and Analyzed Impact of Geophraphical Distribution of Users on
AAPA Design

X1
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APOLLO APPLICATIONS PROGRAM
DATA ARCHIVES

By Clifford W, Williams, George E. Schmidt, Jr.,
and David L, Sharp
Hamilton Standard System Center
Farmington, Connecticut

1.0 INTRODUCTION

The primary objective of the AAP Experiments Data Archives study has been to
identify and investigate the requirements for a system that will collect, store, retrieve,
and distribute experiments -related data, The study of the system has been oriented to-
wards the user of the data because a long-term need must be established before imple-
mentation begins to justify the expenditures to relate the experimental data of AAP to
existing scientific and engineering facts. It is understood that the archives will provide
a public service function and will tend not only to pull together technical information
from different agencies of the federal government but to afford industry a new frontier
of endeavor so as to increase their profitability. Furthermore, the study has shown
that if appropriate information is made available, the archives will be replenished by
new data from experiments generated by industrial and academic communities. The
new experiments will be a direct result of '"in depth' investigations into experimental
data made available from the archives.

This study has attempted to bring into focus the facts surrounding and related to
the establishment of such an archive. Consideration has been given to the present pos-
ture of the space programs, including the acquisition, communication, and reduction
capabilities of NASA and the major types of data and information (i.e., scientific, op-
erational, intelligence, and experimental) that is presently being released. It was
also necessary to examine historical precedence in data handling and factor this into
a practical plan of implementation for the AAP archives. The study was divided into
five separate tasks. These tasks were found to be interrelated and interdependent to
some degree. Figure 1 (Study Tasks) identifies these tasks and their relationships.
During the initial phase of the study it was determined that Task 4 (Assessment of
Present Archival Facility), Task 5 (ADP Hardware State of Art Assessment) and
Task 1 (User Requirements) had to be partially completed before Task 2 (Performance
Specifications) and Task 3 (Systems Requirements) could be started. Information,
made available by NASA at the outsct of the study, substantiated this course of action.
At the outset equal emphasis was placed upon the performance of each task,
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TASK 1 TASK 2 TASK 3 TASK | TASK 5
e ASSESSMENT ADP
USER PERFORMANCE SYSTEM O PRESENT HARDWARE
REQUIREMENTS SPECIFICATIONS CONFIGURANTION ARCHIVAL STNTE O ART
FACILITY ANSESSMENT

& ¢

Figure 1 Study Tasks

After reviewing the descriptive literature for each experiment, initial discus-
sions were held with potential users of the experimental data, During these discus-

sions and following the review of the National Space Science Data Center (NSSDC)
Visitors Log, additional emphasis was placed upon Task I (User Requirements)

because of the need to extricate and prepare potential users before obtaining responses
to a survey questionnaire. The information transferred to users was collected, sorted,
selected, and formulated into prebriefing and presentation packages. This activity was
completed with the aid of NASA/ERC so that data requirements of potential users could
be obtained. Although results were obtained from a relatively few major organizat.ons,
it can be shown that these results represent rather large segments of the economy,
Each industry briefing audience contained an average of 15 people.

The investigation of thc AAP experiments-related data descriptions in documen -
tation furnished by NASA/ERC formed a foundation upon which the state of the art
assessment (Task 5) and the study of the present facility at NSSDC (Task 4) could be
made. As the study progressed in these areas, it was ascertained that state of the-
art equipment and software is adequate for a pilot system, Furthermore, it was
found during the assessment of NSSDC that this repository would not serve the total
interests of the AAP. This investigation has shown that other topical or discipline-
oriented repositories, as well as NSSDC are, in fact, additional sources of experimen-
tal data and information.

As a result of these cfforts, (i.e., Tasks 1, 4 and 5) a performance specification
and system configuration (i.e., Tasks 2 and 3) has been established, The performance
specification considers the size and type of data base, software, distribution methods,
personnel, and cost considerations. A considerable amount of time was spont during
this study to define specific terms since it was found that communications improved
between NASA -oriented groups and other organizations when this was accomplished,

A first level flow chart of the operation of the archives was developed afler relating
such factors as geographical acquisition and distribution, decentralization, present
charter mandates, the presently defined AAP data flow system, and precedonce of pro-
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cedures already established. As many operational characteristics were investigated
as time would allow, and functional specifications were outlined for an initial system.
The functional specifications considered the necessary interfaces and centralization of
operation as required.

To assure continuation of this effort, an implementation plan which includes a
pilot system with the capability for expansion into the ultimate system is recommended.
The further definition of users' requirements is desirable as pointed out in the user's
requirements critique which was delivered during the course of this study. Further
investigations should be made into data acquisition sources (i.e., ground truth data)
and liaisons should be established with secondary sources as users requirements might
dictate. Additional effort should be directed towards furhter defining equipment and
software for record keeping. As the plan for AAP becomes more definite, projections
should be made to maintain and to strengthen the archive and distribution system of the
AAPA.
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2.0 USER REQUIREMENTS

A key to the success of such a study (to determine the requirements for systems
research of a data storage and retrieval facility) is an accurate assessment of demands
of the system., The systems specifications are dependent not only upon identifying the
experiments to be performed and the locations within the Federal Government by and
for whom they will be performed, but also upon identifying the potential user of the
experimental and engineering data. Since the experiments provide experimental data
for a wide range of scientific and enginecring disciplines, the potential users of this
information in the academic and industrial environment appear to be abundant. There-
fore it has been necessary to judiciously choose representatives of various industrics
in a manner to give meaning to the assessment of the specification. To a large extent,
these specifications are contingent upon determining what the needs and desires of the
users will be, Thus considerable time and effort has been expended to determine these
user needs., The avenue of approach which has been followed is to contact potential
users directly. In addition to this assessment, it has been necessary to investigate
existing data storage centers such as the National Space Science Data Center (NSSDC)
and the regional dissemination centers sponsored by NASA's Technology Utilization.
While both of these mechanisms have proven informative, the information which comes
directly from the potential users will determine feasibility, size, interface require-
ments usage and deployment, Presented in this section is a review of the techniques
employed for estimating user requirements and of a scheme for correlating potential
users with planned experiments, and a discussion of the results achieved.

2.1 Techniques for Estimating Requirements

An archive or distribution center must have a source or input of material to
store or distribute to a user of the facility. The demand or pressure put upon the
storage and distribution function is created by the user. Therefore any technique
applied to estimate the requirements of a storage and distribution facility must first
determine the needs of the user. The user must know what material is available to
him if he is to specify his requirements and must relate the material of the archive
or distribution system to his interests. In addition to the direct determination of
user interests, the source of the material coming into the archive must be determined,
The techniques for estimating requirements of a data archive are therefore bounded
by the constraints of the input and output parameters.

Any one of several techniques could be applied to the Apollo Applications Pro-
gram (AAP) Data Archives, The fact that precedence has becn established on other
NASA programs, that facilities such as NSSDC are operational, and that some AAP
Experiments and Integration studies have beon initiated limits the choices of tech-
niques for estimating the requirements. Furthermorc the implementation of the
archives will be constrained by choosing "state of the art' equipment which must be
in concert with the potential users' equipment. Other data sources for the potential




Hamilton

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae HSER 4994

user such as ESSA and the Geodedic Survey and Navy Oceanography libraries must be
considered either as a companion source or an input to the Data Archives,

Considering these and other aspects of the known techniques it was decided to
utilize the correlation scheme described below to identify potential users and to inter-
rogate these potential users as to their requirements, This study, however, was ham-
pered by a lack of open literature from NASA concerning the approved AAP experiments
and by a general lack of publicity concerning the AAP itself, Thus it became necessary
to devote a great deal of time to educating potential users and bring them to a point where

they are now in a position to make a reasonable decision about their usage of an AAP data
archives,

2.2 Correlation Scheme for Potential Users and Experiments

In order to identify the potential users, a means was devised of associating
experiments and potential industrial users via the Standard Industrial Classification
(S.I.C.) codes. This technique, submitted to NASA/ERC as a rescarch highlight and
described in the First Quarterly Progress Report (pp. 3-16), has thus far proven very
successful and has paved the way for some very fruitful discussions,

In summary, the technique separates industry into the eighty-onc industrial
sectors of the 1966 Scientific American economic input/output chart (q.v., "Input/
Output Economics', prepared by the editors of Scientific American, 1966). For con-
venience these sectors can be further grouped under nine major categories:

Resource Oriented Industry, Medicine and Medically Oriented, Communications,
Optics and Instrumentation, Metal Product Manufacturing, Agricultural, Non-metal
Manufacturing, Research and Development, and Services and Miscellaneous, These
nine groupings were revised from the seven used by Scientific American to better
accommodate the purposes of the AAPA and to provide greater compatibility with the
probable areas of space experimentation. Utilizing S.I.C. designations, industrial
firms were listed by sector numbers and then cross-correlated with the experiments,
While the assignment of experiments was somewhat more arbitrary, the method was
very successful, A list of the eighty-one sectors, by group, follows in Table I.

Table II which follows is a selective list of experiments that arc planned for
the AAP, An attempt has been made to project an obvious usage and to assign economy
scctor numbers to cach. Table III provides a list of potential archive users which includes
most of the segments of industry that can be related to experiments in the Apollo Applica-
tions Program.

[$)]
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TABLE I
GROUPING OF INDUSTRIAL SECTORS
A. RESOURCE ORIENTED
37 Nonferrous Metal Ores Mining 102, 103, 104
105, 108, 109
38 Primary Iron and Steel 331, 332, 3391,
Manufacturing 3399
39 Iron and Ferroalloy Ores Mining 101, 106
41 Stone and Clay Mining and
Manufacturing 145, 148, 149
43 Glass and Glass Products 321, 322, 323
45 Paper and Allied Products, 261, 262, 263
Except Containers 264, 266
47 Lumber and Wood Products, 241, 242, 243
Except Containers 249
48 Forestry and Fishery Products 074, 081, 082
084, 086, 091
50 Rubber and Miscellaneous Products 301, 302, 303
306, 307
54 Livestock and Livestock Products 013, 014, 0193
02, 0729
55 Misc, Agricultural Products 011, 012, 0192
0199, 014, 02
56 Agriculture, Forestry and 071, 0723, 085
Fishery Services 098, 0729
57 Plastics and Synthetic Materials 282
58 Chemicals and Sclected Chemical 281, 286G, 287
Products 289
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TABLE I (continued)
Sector No, Industry Sector S.I.,C, Nos.

59 Chemical and Fertilizer Mineral 147
Mining

60 Petroleum Refining and Related 291, 295, 299
Industries

61 Electricity, Gas and Water 49

62 Coal Mining 11, 12

63 Crude Petroleum and Natural Gass 1311, 1321

64 Federal Government Enterprises None Applicable

66 State and Local Government None Applicable
Enterprises

73 Finance and Insurance 60, 61, 62, 63,

64, 66, 67
78 Research and Development* None Applicable

. MEDICAL

7 Drugs, Cleaning and Toilet 283, 284
Preparations

71 Medical and Educational Services, 0722, 7361, 80, 82,
Nonprofit Organizations 84, 86, 8921

C. COMMUNICATIONS

13 Radio, T.V. and Communication 365, 366
Equipment

69 Radio and T. V., Broadcasting 483

74 Communications, Except Radio 481, 482, 189
and T, V. Broadcasting
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TABLE I (continued)
Sector No, Industry Sector S.I.C. Nos.
D, OPTICS AND INSTRUMENTATION
16 Optical, Ophthalmic and Photo- 381, 385, 386
graphic Equipment
19 Scientific and Controlling 381, 382, 384

387

E. RESEARCH AND DEVELOPMENT

78

Research and Development*

None Applicable

F. METAL PRODUCT MANUFACTURING

10

11

12

14

17

18

20

Special Industry Machinery and
Equipment

Ordnance and Accessories

Aircraft and Parts

Miscellaneous Transportation
Equipment

Materials - Handling Machinery
and Equipment

Misc, Manufacturing

Service-Industry Machines

Household Appliances

Office, Computing and Accounting

3551, 3552, 3553,

191, 1925, 1929,
193, 194, 195, 196,
199
372
373, 374, 375, 379

534, 3535, 3536,
537

3
3
391, 393, 394, 395,
396, 398/9

3581, 3582, 3584,
3585, 3586, 3589

363

* Includes colleges and universities
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TABLE I (continued)

Sector No. Industry Sector S,I.C. Nos.

F. METAL PRODUCT MANUFACTURING (continued)

21 Farm Machinery and Equipment 352
22 Engines and Turbines 351
23 Construction, Mining and Oil 35631, 35H32, 3533

Field Machinery

24 Misc. Electrical Machinery, 369
Equipment and Supplies

25 Metalworking Machinery and 354
Equipment

26 Motor Vehicles and Equipment 371

27 General Industrial Machinery 364

and Equipment

28 Electric-Lighting and Wiring 364
Equipment
29 Electrical Industrial Equipment 361, 362

and Apparatus

30 Electronic Components and 367
Accessories
31 Heating, Plumbing and Structural 343, 344

Metal Products

32 Machine Shop Products 359
33 Metal Containers 3411, 3491
34 Stampings, Screw Machine 345, 346

Products and Bolts
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TABLE I (continued)

Sector No,

Industry Sector

S.I.C. Nos.

F. METAL PRODUCT MANUFACTURING (continued)

36

Other Fabricated Metal Products

Primary Nonferrous Metal Manu-
facturing

342, 347, 348,
349

2819, 333, 334,
335, 336, 3392

G. AGRICULTURAL USERS

4

Tobacco Manufacturers

Apparel

Misc. Fabricated Textile
Preparations
Food and Kindred Products

Borad and Narrow Fabrics, Yarn
and Thread Mills

211, 212, 213,
225, 231, 232,
234, 234, 236,
238

239

201, 202, 203,
205, 206, 207,

221, 222, 223,
225, 226, 228

214

233,
237,

204,
208,

224,

H. NONMETAL M

ANUFACTURING

40

42

Footwear and Other l.eather

Misc. Furniture
Household Furniture

Stone and Clay Products

Printing and Publishing

313, 314, 315,
317, 319

252, 253, 254,

324, 325, 326, ¢

328, 329

271, 272, 273,
275, 276, 277,
279

316,

10
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TABLE I (continued)
Sector No, Industry Sector S.I.C. Nos.
H. NONMETAL MANUFACTURING (continued)

44 Paperboard Containers and Boxes 265

46 Wooden Containers 244

49 Misc. Textile Goods and Floor 227, 229

Coverings

‘ 52 Paints and Allied Products 285
| 53 Leather Tanning and Industrial 311, 312

Leather Products

1.

SERVICES AND MISCELLANEOUS

64

65

66

67

68

70

72

76

7

Federal Government Enterprises
Transportation and Warehousing
State and Local Government
Enterprises

Hotels; Personal and Repair
Services, Except Automobile

Automobile Repair and Services
Amusements

Wholesale and Retail Trade

Business Services
Real Estate and Rental

Misc. and Repair Construction

None Applicable

40, 41, 42, 44,
45, 46, 47

None Applicable

70,

72,

16,

76
N3, 54,
n8, 59
89
17

<

11
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TABLE I (continued)
Sector No. l Industry Sector S.I,C, Nos.
I. SERVICES AND MISCELLANEOUS (continued)

79 Office Supplies

80 Business Travel, Entertainment
and Gifts

81 Scrap; Used and Secondhand Goods

None Applicable

None Applicable

None Applicable

12
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TABLE III
POTENTIAL ARCHIVE USERS (Page 1 of 4)
SIC SECTOR

INDUSTRIAL FIRM NUMBERS NUMBERS
American Telephone and Telegraph 4811, 4812 74
Company

195 Broadway

New York, New York 10017

American Electric Power Company, 8931, 8911, 8111, 7392 75
Incorporated

2 Broadway

New York, New York

American Mineral Spirits Company 2911, 2818, 2819 58, 60
(Div. Union 0Oil Co, of Calif.)

Mountain Avenue

Murray Hill, New Jersey 07971

Ampex Corporation 3651, 3811 13, 19
401 Broadway

Redwood, California 94063

Armour and Company 2096, 2042, 2872, 2841, 7, 8, 23, 29,
401 N, Wabash Avenue 2818, 2011, 2834, 3531, 58
Chicago, Illinois 60611 3629

Central Appalachian Coal Co, 1211 62
(American Electric Power Co.

System)

Montgomery, West Virginia 25136

Chase Manhattan Bank 6025 73

1 Chase Manhattan Plaza

New York, New York 10015

18
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POTENTIAL ARCHIVE USERS (Page 2 of 4)

TABLE II

SIC SECTOR
INDUSTRIAL FIRM NUMBERS NUMBERS
Clevite Corporation 2714, 3069, 3399, 3611, 10, 26, 29,
17000 St. and Clair Avenue 3497, 1929, 3566, 3679 30, 35, 38
Cleveland, Ohio 50
Connecticut General Life 6312 73
Insurance Company
Hartford, Connecticut 06115
Consolidated Natural Gas Co. 4922 61
30 Rockefeller Plaza
New York, New York 10020
E.I. duPont de Nemours and Co. 2892, 281, 282, 2851, 50, 52, 57,
DuPont Building 3069, 3029, 2899, 2879 58
Wilmington, Delaware 19801
Eastman Kodak Company 3861 16

343 State Street
Rochester, New York

W. R. Grace and Company
7 Hanover Square
New York, New York 10005

Georgia Pacific Corporation
Equitable Building
Portland, Oregon 98204

International Business Machines
Corporation
Armonk, New York 10504

281, 2879, 4511, 3079,
2071, 2042

2432, 2641, 2621, 2421
2661, 2899, 3275

1941, 357, 2645

40, 45, 47,
o8

10, 20, 45
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POTENTIAL ARCHIVE USERS (Page 3 of 4)

TABLE I

200 Park Avenuc
New York, New York 10017

SIC SECTOR
INDUSTRIAL FIRM NUMBERS NUMBERS
International Nickel Company, Inc, 3356 36
67 Wall Street
New York, New York 10005
Kennecott Copper Corporation 1021, 1069, 104, 1031 37, 39
161 East 42nd Street
New York, New York 10017
Kollsman Instrument Corporation 3811, 3921, 3831 13, 16, 19,
(Subs, Standard Kollsman 3611, 3673, 3662 29, 30
Industries, Inc.)
80-08 45th Avenue
Elmhurst, New York 11373
Phillips Petroleum Company 1311 63
Phillips Building
Bartlesville, Oklahoma
Radio Corporation of America 3679, 4833, 4899 13, 30, 69,
30 Rockefeller Plaza 74
New York, New York 10020
Shell Oil Company 281, 282, 2879, 58, 60, 63
50 W, 50th Street 2999, 1311
New York, New York 10020
Texas Gulf Sulfur Company 1477, 1311, 281 58, 59, 63

20
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TABLE III
POTENTIAL ARCHIVE USERS (Page 4 of 4)
SIC SECTOR

INDUSTRIAL FIRM NUMBERS NUMBERS
United States Steel Corporation 3312 38
New York, New York 10006
Weyerhaeuser Company 2631, 242, 243, 2499 45, 47

Tacoma, Washington 98401

2621




Hamilton U HSER 4994

DIVISION OF UNITED AIRCRAFT CORPORATION

Standard Ae

2.3 Description of the Survey

Early in the program it was recognized that some type of presentation would be
necessary for describing the AAP to potential users of the data storage and retrieval
system, The presentation was designed not only to present examples of space acquired
data but also to show some of the use to which this data can be applied. The philoso-
phy of the program and its objectives were explained in terms of the program's goals
so that a solicitation could be made for estimates of projected requirements,

As a background for the presentations, a study was made of sensors with poten-
tial application to Earth resources. While there are only a few experiments to be
performed in this area, if was felt that the concept of exploitation of Earth resources
from space would stimulate much interest both for the presentation and also in the
actual AAPA operation, Two tables which summarize the results of the study are pre-
sented below. The first, Table IV, was composed by Peter Badgley of NASA and
R.J.P. Lyon of ARL to demonstrate the characteristics of the electromagnetic spec-
trum which are suitable for terrestrial applications. The table includes such things
as data type and storage formats of representative sensors in each frequency range
of the spectrum as well as some of the possible applications, The second table,
Table V, lists a group of instruments and sensors currently being tested for use in
space and indicates the potential applications of each,

In order to obtain maximum communication with a selected group, the pre-
sentation was divided into two parts. The first part consisted of an introductory
package containing a letter of transmittal, three colored space photographs, a descrip-
tion of three representative AAP experiments, a booklet describing the AAP, and a
questionnaire on items pertaining to the Data Archives for discussion, The second
part consisted of a visitation to the group by a NASA and United Aircraft representa-
tive for the purpose of an oral presentation and an assessment of the initial interest.

Below, a brief discussion of the survey is provided, This discussion is basic-
ally a review, as a complete report (Critique on User Requirements) has already been
submitted to NASA,

2.3.1 Users Interrogated. - In the course of the survey more than twenty pre-
sentations were made to industrial concerns, scientists (mostly principle investiga-
tors of approved AAP expcriments), universities, and government agencies., An
attempt was made to involve only the top corporiate management in industry to insure
the most knowledgeable and authoritative responses and to evoke the fastest possible
action., The list of presentations is plotted in Figure 2 according to the data rendercd,

2.3.2 Response to the Briefing. - The briefings to top level corporate manage-
ment proved very successful though it was found that few people in industry were aware
of the potential applications of Earth-oriented space data, let alone of the AAP, Thus

22
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it became necessary to educate the selected representatives of industry in a manner

to create a positive image for the pursuance of the AAP experiments data, Of the
industrial representatives contacted, only 28 percent were aware of the scope of the
experiments or of when the program is slated to get underway, Further, only 17 per-
cent of those contacted were aware of the AAP applications relevant to their own scope
of research, only 22 percent were aware of the results obtainable from combining
AAP sensor data, and none were aware that data from the AAP would be made publicly
available,

The presentations which were delivered were very well received and stimulated
much interest. All but one of the companies have since established working groups
within their respective organizations to examine the applicability of AAP data to their
own product/research effort and have appointed liaison personnel to work with NASA
in developing the AAPA, A further indication of the interest stimulated is the fact that
these liaison personnel are also, by and large, top management personnel and that
their appointments are for an indefinite period, A list of the liaison personnel is pro-
vided in Table VI along with a list of those initially contacted as corporate manage-
ment representatives,

During the user visits, a question and answer session was conducted following
the presentation so that some immediate feedback was derived, In every case, the
verbal response has indicated a need for more information from NASA about the
AAP experiments, Specifically, the information required by industries includes a
list of AAP experiments, the types and number of sensors to be employed, the signa-
ture characteristics of the sensors, the geographical locations to be scanned by the
sensors, and points of contact within NASA concerning experiments,

In summary, most of the potential users contacted are eager for data and already
have equipment capable of handling it. The eagerness has demonstrated itself in an
expressed desire by some companies to design and submit their own experiments and
to participate in a pilot Apollo Applications Program Archives System., However, it is
recommeded that NASA release more information to these potential users concerning
the details of currently approved experiments. Because of industry's general unaware-
ness of the AAP, the user survey under this contract was forced into the position of first
becoming a user Education Program. This proved highly successful and has provided
information for a first estimate of data requirements, However, a continuation of the
survey is recommended if NASA expects to work with industry toward uses of experi-
mental data derived from AAP, The highly organized method of operation derived dur-
ing this contract has provided the key elements (i.e,, initial contact point, prebriefing
letter, presentation, continued liaison) [or an operating necleus which can be expanded,
In the event that it is impossible to continue the liaison established during this study,
action should be taken to dissolve this relationship to prevent loss of confidence in the
ability of NASA to deliver required information to the potential user,
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3.0 PERFORMANCE SPECIFICATIONS

3.1 General

In order to arrive at the performance specifications for the AAP Experiments
Data Archives (AAPA), first it is necessary to decide upon the overall configuration
of the basic operational system. Before this can be accomplished. certain governing
and influencing parameters must be obtained and evaluated.

The parameters which are discussed in this section may be grouped under three
broad categories: input, output, and system environment. Input consists of the experi-
mental data comprising the archives data base: its total volume, quantitative distribu-
tion among the various scientific/technical areas involved, rate of accrual, and various
formats and media. Output encompasses the total data distributed to the user commu-
nity. Here is where the feedback concerning the user requirements is brought to bear:
the data types, formats, media, and volume which are to be provided will represent a
joint consideration of user requirements and the archive's cost effective implementation
scheme. System environment parameters define the real world of existing policies,
funding, intra- and interagency relations within which the archive must function.

In this section, input considerations are further broken down and enumerated un-
der the headings of Experiment Classification, Data Storage Considerations and Esti-
mate of Data Base. Output is discussed in the paragraph entitled Data Usage Considera-
tions. System environment is essentially an overview which prevails throughout this
and subsequent sections.

3.2 Experiment Classification

The Office of Manned Space Flight (OMSF) documentation lists experiments cur-
rently included in the NASA Manned Space Flight Experiment Program. The total”
number of experiments listed (192 at the time of this writing) are classified primarily
on the basis of the office sponsoring the experiment (OMSF, OSSA, DOD, etc.), each
of which encompasses a number of scientific and technical areas. This classification
scheme is presented in Table VIL

It is recognized that the AAPA must preserve a certain measure of continuity rel-
ative to the original sponsoring office. DOD, for instance, may decide to imposce cer-
tain data handling requirements upon its experiments data that differ [vom other agency
requirements. Or, conliguous storage of all experiments sponsored by a particular of -
fice may be politically or operationally desirable. These and other considerations, based
on the experiment groupings of Table VI must be carefully considered when structuring
the archive characteristics.
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TABLE VII
EXPERIMENT CLASSIFICATION SCHEME EMPLOYED
BY OMSF EXECUTIVE SUMMARY

Sponsoring Office

DOD DOD
Space Applications
Electronic Controls
Space Vehicle Technology
Navigation and Traffic
Particles and Fields
Engineering Activity
Biomedical and Behavioral
Communication

Scientific OSSA

Astronomy
Environment Biology
Natural Resources
Meteorology
Physical Biology
Particles and Fields
Solar Physics
Planetary Atmosphere
Interplanetary Dust
lonospheric Physics
Planetology
Communications

Technological OART

Communications
Navigation and Traffic
Electronic Controls
Biotechnology

Space Vehicle Technology
Biomedical and Behavioral
Behavioral Technology
Interplanetary Dust
Engineering Activity
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TABLE VII' (Continued)
EXPERIMENT CLASSIFICATION SCHEME EMPLOYED
BY OMSF EXECUTIVE SUMMARY

Sponsoring Office

Medical OMSF
Biomedical and Behavioral
Engineering OMSF

Engineering Activity
Communications
Navigation and Traffic
Solar Physics

Space Vehicle Technology
Lunar and Planetary SC
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Nevertheless, it can also be seen that some revision of the above classification
scheme must be effected in order to better evaluate two additional items of paramount
importance, namely: 1) archive organization on this basis of scientific and technical
fields of interest and 2) archive organization on the basis of user requirements.

The twenty different scientific and technical areas listed in Table VII offer a
sound base for the type of reorganization called for in item 1), except that twenty areas
are somewhat bulky to handle effectively. It is advantageous, therefore, to regroup
these areas into a smaller number of more general categories. Accomplishing this in
light of the criteria of item 2), the various scientific and technical areas have been se-
questered into seven major categories which are roughly tantamount to and equatable
with the regrouped S.1. C. categories of Section 2.0. These seven categories and their
included scientific and technical areas are listed in Table VIII. The degree to which
these topical categories relate to the regrouped S.1. C. categories is further discussed
in Section 3.5.

Tables VII and VIII provide a working base from which more detailed qualitative
and quantitative investigations of the data base can be made. These investigations are
accomplished in the ensuing paragraphs.

3.3 Data Storage Considerations

Even a cursory glance through the Executive Summary reveals the wide expanse
of scientific and technological endeavor encompassed by the currently planned experi-
ments. This leads to numerous questions concerning the data base which must be re-
solved in order to establish a functioning and effective archive. However. as will sub-
sequently be seen, not all of these questions are completely resolvable at this time,
due to the tentative definition of substantial areas of Apollo Applications. Consequently,
the goal of this study has been to investigate all areas within the bounds of presently
available information, resolve those areas which appear sufficiently well defined, and
leave posed, but unresolved, those questions which appear to be inadequately defined
at this time. In doing so, it is hoped that presently nebulous areas may not be decep -
tively blanketed by gross engineering estimates. Instead, by properly underscoring the
less defined areas. it becomes possible to design an open-ended system with the major
points of flexibility concentrated in the unresolved areas.

3.3.1 Types of Experiments to be Housed. - Not all of the experiments data col-
lected during the course of the AAP will nccessarily be deposited in the Experiments
Data Archive. There are two predominant factors which will influence the archive al-
location of this data; namely, the relationship of the AAPA with exisling archives, and
the consideration of user requirements.

3.3.1.1 Relationship with Existing Archives. - There are several existing ar -
chives within the structure of the Federal Government which are dedicated to the storage

33
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TABLE VIII
CATEGORIZATION OF AAP SCIENTIFIC AND TECHNICAL AREAS

Inclusive Scientific and
Assigned Category Technical Areas

Space Science Astronomy
Planetary Atmosphere
Interplanetary Dust
Planetology

Physical Sciences Solar Physics
Particles and Fields
Ionospheric Physics

Space Engineering Engineering Activities
Space Vehicle Technology
Electronic Controls
Space Applications
Navigation and Traffic
Lunar and Planetary SC

Life Sciences Biomedical and Behavioral
Environment Biology
Physical Biology

Biotechnology
Communications Communications
Meteorology Meteorology
Earth Resources Natural Resources
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of data or information endemic to certain specialized areas of science or technology.
Any of these archives are possible candidates for the storage of those portions of the
AAP experiments data falling within the bounds of their individual specialties.

One case of particular interest during the course of this study was the National
Space Science Data Center (NSSDC) located at the Goddard Space Flight Center in Green-
belt, Maryland. This center was established by NASA to further the widest practicable
use of reduced data obtained from space-science investigations and to provide investi-
gators with an active repository for such data. As such, it is responsible for the ac-
tive collection, organization, storage, announcement, retrieval, dissemination, and
exchange of data received from satellite experiments, sounding-rocket probes, and
high altitude aeronautical and balloon investigations. In addition, the Data Center col-
lects correlative data, such as magnetograms and ionograms, from ground-based ob-
servatories and stations for NASA investigators and for onsite use at NSSDC in the anal -
ysis and evaluation of space science experiment results. NSSDC is, therefore, the log-
ical repository for all space science data resulting from AAP experiments. This
organization has selected forty-two AAP experiments which are within NSSDC's field
of interest, and has listed twenty-five others for which there is presently insufficient
information to base a decision*, Up to thirty-five percent, then, of the presently sched-
uled AAP experiments should be housed at NSSDC.

In addition, it was recommended that this study examine the National Weather
Records Center in Asheville, North Carolina; the National Oceanographic Data Center
(Navy) in Washington, D. C., and the National Aeronomy and Space Data Center (ESSA)
in Boulder, Colorado, as possible repositories for other selected experiments. As
brought out earlier by ERC**, both the National Library of Medicine and the National
Library of Agriculture would also be candidates for selected AAP experiments results,
Basically, the option which exists is that of either incorporating certain of these repo-
sitories within an AAP archives system, and thus topically decentralizing the achives
itself, or treating these other repositories as AAP Data Users, and establishing a more
centralized archives structure for AAP Experiments Data. A more detailed evaluation
of the various ramifications involved in this trade-off is presented in Sections 4.0 and
5.0 of this report.

It is advantageous at this point, however, to consider only a single division between
experiments on the basis of topic, namely: space science or non-space science oriented.
The breakdown is shown in Table IX. In some cases, an entire category has been rele-
gated to NSSDC for the sake of continuity. In other areas, somec duplication of storage

*NASA letter, dated August 28, 1967 from James Vette, NSSDC, to Maurice Moroney, ERC.
P+¥The KRC/SL Presentation at the AAP Data FFlow Planning Review at the Marshall
Space Plight Center, March 28, 1967.
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TABLE IX
TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS

EXPERIMENT ARCHIVE ALLOCATION (%)

I. SPACE SCIENCE NSSDC AAPA

A. Astronomy

*S001  Zodiacal Light Photography

*S013 UV Astronomical Camera

*S017 X-Ray Astronomy

*8019 UV Stellar Astonomy 100
*8027  Galactic X-Ray Mapping

*S028  Dim Light Photography

*S030  Dim Sky Photography/or Thicon

*S069  X-Ray Astronomy (B)

B. Planetary Atmosphere

S011  Airglow Horizon Photography
+8021 Airglow Horizon Photography

. 50 100
S025 IR Temperature Soundings
*S063 UV Airglow Horizon Photography
C. Interplanetary Dust
*S020 UV X-Ray Solar Photography
*8035  Medium Energy Solar Wind
*S038  Low Energy Solar Wind
*8064 UV Photography of Dust Clouds 100

*S070  UV/X-Ray Solar Photography
*T015 Meteoroid Composition
*T016 Meteoroid Entry Observation
*T017 Meteoroid Impact + Erosion
*T021 Meteoroid Velocity

D. Planetology

*S031  Lunar Passive Seismology
*S032  Lunar Gravity
*S033  Lunar Active Scismology

*Desired by NSSDC
+Possibly Desired by NSSDC
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TABLE IX

TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS

(Continued)

EXPERIMENT

I. SPACE SCIENCE

D. Planetology

*5034
*S036
*S037
*5058
*5059

Lunar Tri-Axis Magnetometer
Suprathermal ION Detection

Lunar Heat Flow
Cold Cathode Ionization Gauge
Lunar Geology Investigation

1I. PHYSICAL SCIENCES

A. Solar Physics

M454
*S010

S012
*5018
*5029
*5052
*5053
*8054
*S055
*S056
+5062
+S067

Shadow Shield

Agena Micrometeorite Collect
Micrometeorite Collection
Micrometerorite Collection
Libration Regions Photographs
White Light Coronagraph

UV Coronal Spectographs

X-Ray Spectrographic Telescope
UV Spectrometers

Dual X-Ray Telescopes

Solar X-Ray Flux Variation
Gamma Ray and X-Ray Spectroscopy

B. Particles and Fields

+S009
5016
*S022
*5023
+5024

Nuclear Emulsion

Trapped Particles Asymmetry
Low 7 Cosmic Rays

High 7 Cosmic Rays

Nuclear Emulsion

*Desired by NSSDC

+Possibly Desired by NSSDC

ARCHIVE ALLOCATION (%)

NSSDC

100

100

100

AAPA
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®
TABLE IX
TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS
(Continued)
EXPERIMENT
II. PHYSICAL SCIENCES NSSDC

B. Particles and Fields

*S051
D008

Daytime Sodium Cloud
Radiation in Spacecraft

C. Ionospheric Physics

+S026

ION Wake Measurement 100

III. SPACE ENGINEERING

A. Engineering Activities

M401
M402
M403
*M404
*M405
*M406
*M407
*M408
*M409
M410
M411
M412
M:13
MA15
Mil6
M117
M8
M119
M420
M422

Mapping and Survey System
Orbital Workshop

Electrostatic Charge
Proton/Electron

Tri-Axis Magnetometer 14
Optical Communication

Lunar UV Spectral Reflect

Beta Spectrometer
Bremsstrahlung Spectrometer
Color Patch Photography
2-Color Earth S Limb Photos
Landmark Contrast Meas
Subcritical Cryo Storage
Thermal Control Coatings
Propell and Mass Determination
Liquid Interface Stability
Boiling lleat Transter
Cryogenic Propellant ‘T'ranster
Propell and Storage System

DC Motor + Gear Lubrication

38

*Desired by NSSDC

+Possibly Desired by NSSDC

AAPA
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TABLE IX

TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS

(Continued)

EXPERIMENT

III.  SPACE ENGINEERING (Continued)

A. Engineering Activities (Continued)

M423
M426
M427
M432
M433
+M436
M466
M469
M475
M484
M486
M487
M492
M493
M495
M496
M497
M508
M509
1002
1004
1010
TO19
T020
D012
D016
D017
D018
D019
D020

Hydrostatic Gas Bearing
Condensing Heat Transfer
Strapdown Platform

Large Space Structures
Satellite Recovery

Artifical Gravity

Space Suit Evaluation

ST-124 Removal

Water + Waste Management
Orbital Workshop Artificial G
Astronaut Eva Equipment
Habitability/Crew Quarters
Tube Joining in Space

Electron Beam Welding

Lunar Surface Engr Properties
Liquid Drop Dynamics

Fluid Density Gradient
Astronaut EVA Hardware Evaluation
Astronaut Maneuvering Evaluation
Moderate Depth Drill

Lunar Surveying System
Variable Gravity Support
Pegasus Panel Retrieval
Jet-Shoes

Astronaut Maneuvering Unit
Power Tool Evaluation

Carbon Dioxide Reduction
Integrated Maintenance

Suit Donning + Sleep Sta Eval.
Alternate Restraints Eval.

FPossibly Desired by NSSDC

ARCHIVE ALLOCATION (%)

NSSDC

AAPA

39
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TABLE IX
TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS
(Continued)
EXPERIMENT ARCHIVE ALLOCATION (%)
III. SPACE ENGINEERING (Continued) NSSDC AAPA

B. Space Vehicle Technology

M479 Zero Gravity Flammability

M483 Radar Attitude Sensing System

M488 High Pressure Gas Expulsion

M489 Heat Exchanger

T005 Fusible Material Radiator 100
T022 Heat Pipe

T023 Surface Absorbed Materials

D003  Mass Determination

D021 Expandable Airlock Technology

D022 Expandable Reentry Structures

C. Electronic Controls

T003 In-Flight Nephelometer

T011 Reentry Communications 100
T013 Crew-Vehicle Disturbance

D002 Nearby Object Photography

D. Space Application

D001 Basic Object Photography

D006  Surface Photography 100
D007  Space Object Radiometry

D015  Night Image Intensification

F. Navigation and Traffic

+M439  Star Horizon Automatic 'T'racking

M111  Noncooperative ‘I'racking Radar

T002  Manual Navigation Sightings

1011  Orbital Horizon Definition 21
+D004  Celestial Radiometry

D005  Star Occultation Navigation

a
2
oy |

+Possibly Desired by NSSDC
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ARCHIVE ALLOCATION (%)
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TABLE IX
TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS
(Continued)
EXPERIMENT
III. SPACE ENGINEERING NSSDC

E. Navigation and Traffic

D009
D010

Simple Navigation
ION -Sensing Attitude Control

F. Lunar and Planetary SC

1001
1009

LSSM
Nuclear Emulsion

IV. LIFE SCIENCES

A. Biomedical and Behavioral

MOO1
MOO03
MO004
MO05
MO06
MOO07
MO08S
MO009
MO0O11
MO12
MO017
MO18
MO19
MO020
MO21
MoO22
M023
MO048
MO049
MO50
MO51
MO052

Cardiovascular Conditioning
In-Flight Exerciser
In-Flight Phonocardiogram
Bioassays Body Fluids

Bone Demineralization
Calcium Balance Study
In-Flight Sleep Analysis
Human Otolith Function
Cytogenetic Blood Studies
Exercise Iirgometer
Thoracic Blood Ilow
Vectorcardiogram

Metaholic Rate Measurement
Pulmonary Function
Semicircular Canal Function
Red Blood Cell Survival
Lower Body Negative Pressure
Anti G Elastic Garment
Analysis CO + COy
Metabolic Activity
Cardiovascular Function Assess
Bone and Muscle Changes

AAPA

100

100
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TABLE IX
TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS
(Continued)
. EXPERIMENT ARCHIVE ALLOCATION (%)
IV. LIFE SCIENCES : NSSDC AAPA

A. Biomedical and Behavioral (Continued)

M053 Human Vestibular Function
+M054 Neurological Study (EEG)

M055 Time and Motion

T006  Vision Test Equip Eval

T007 Human Transfer Functions

D013  Astronaut Visibility

B. Environment Biology

S5002  Sea Urchin Egg Growth

S004  Radiation + Zero G on Blood 100
S061  Potato Respiration

T009 Primates in Long Term Zero Gravity

C. Physical Biology

S008  Visual Acuity ' 100
S015  Zero G Single Human Cells

D. Biotechnology

T004  Frog Otolith Function
T008 Electrolysis Cell 100
T010  On-Board Centrifuge

V. COMMUNICATIONS

A. Communications

M430 LM Relay

M440 Wide Band Variable Power Trans

1003  Emplaced Scientific Station

S041  Millimeter Wave Propagation 100

+Possibly Desired by NSSDC
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TABLE IX

TENTATIVE ARCHIVE ALLOCATION OF ANNOUNCED AAP EXPERIMENTS

(Continued)

EXPERIMENT

V. COMMUNICATIONS

A. Communications (Continued)

T001 Reentry Communications
T012 Optical Technology
+D014 UHI-VHF Polarization

VI. METEOROLOGY

A. Meteorology

S00G  Synoptic Weather Photography
+5007  Cloud Top Spectrometer
*S039  Day-Night Camera System

S040  Dielectric Tape Camera System

+S043 IR Temperature Sounding
+3044 02 + H20 Microwave Radiometer
*¥5045 IR Filter Wedge Spectrometer

S046 Visible RAD Polarization Meas
S047  Stellar Refract Density Meas
S048 UHT Sferics Detection

+8049 IR Interferometer Spectrometer
+3S050 15 Micron Grating Spectrometer
+S057  Multi-Channel Radiometer
+S060  Seclective Chopper Radiometer

VII. EARTH RESOURCES

A. Natural Resources

S005  Synoptic Terrair Photography
+8042  Multi-Spectral Photography
+S065  Multi-Bank Terriin Photography

*Desired by NSSDC
+Possibly Desired by NSSDC

ARCHIVE ALLOCATION ((-‘/())!

NSSDC AAPA
As 100

Desired

o 100

Desirved
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(overlap) may prove desirable in order to better service both AAPA and NSSDC users,
This table affords a cursory insight, by major category, to the particular experiments
data which may be expected to be housed at NSSDC or the AAPA, assuming that the AAPA
houses all nonspace science data. The considerations for topically decentralizing the
body of nonspace science data are enumerated in Section 4.0, while the actual relation-
ships between the AAPA and NSSDC are discussed in Section 5. 0.

3.3.1.2 Consideration of User Requircments. - One of the principal concepts
underlying the establishment of the AAPA is that "user needs [ be| reccognized as key
considerations because they affect the amount of data stored in the archives and also
the frequency with which this stored data is used."* To help ascertain these needs,
questionnaires were distributed to the companies and institutions which received brief-
ings from the AAP user requirements team. Although many of the more specific ques=
tions could understandably not be answered at the time, some general requirements
were expressed and others can be inferred. TFor instance, some categories of experi-
ments, namely those classified under Earth Resources and Metcorology, are of such
a nature that the sensors involved and their method of employment should enable the
resultant data to be utilized by a wide variety of users in a manner never intended or
conceived by the original experimenter. This will undoubtedly hold true both for other
whole categories and for various isolated experiments. On the other hand, because of
the high degree of specialization of many other scheduled AAP experiments, it may be
predicted with equal certainty that there will be a significant number of experiments
which will contain little or no "user appeal'. This also has been borne out by discus-
sion with potential users.

Despite their obvious importance, however, consideration of user needs does not
alone define the archive. Some means of archival storage must be provided for all

AAP cxperiments data, regardless of the presence or absence of any potential user ap-
plication. The actual problem definition, therefore can be seen to be twofold in that:

1) All experiments data must be archived.

2) Certain selected experiments data must be provided with sufficient
retrieval capability to adequately satisfy user needs.,

Although these different aspects of the problem have sufficient commonality to make a
single solution feasible, consideration of dual, but related, solutions may be warranted.

*[LRC/SL Prescntation
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If a single homogeneous solution is chosen, the problem of anticipating user re-
quirements is effectively eliminated; all experiments are stored on an equal basis, and
the user has complete freedom of access to any which interest him. It nccessitates,
however, that the entire data base be "active" to the same degree as the most frequent-
ly accessed data. This poses a considerable burden on the entire retrieval system,
the complexity of which tends to be directly proportional to the size of the data base.

On the other hand, if a dual solution is chosen, whereby the data base is divided
into "active' and "inactive" sections, the archival requirements are still satisfied, yet
the retrieval burden - since it would operate primarily from the "active' data base - is
considerably alleviated. The main problem then, is how to decide which data should be

active, and which inactive. Although the basic criterion is obviously "user requirements',

the means of implementing this criterion are unfortunately limited, and require a clo-
ser examination. For example, it might be argued that the body of experiments to be
housed in the "active' AAPA be preselected on the basis of their anticipated user ap-
peal. However, it must be remembered that there are presently not adequate means
for establishing in advance the complete usefulness of the experiments data even to the
experimenter himself*,

Selection might be postponed, then, until after the data has been recovered and
subsequently reduced and analyzed by the experimenter. At that point, the potential
useclulness of the data would be better known and a more meaningful set of criteria for

assaying its potential user appeal could be established. Nevertheless, despite the sound-

ness ol any preestablished criteria, there will always be some potential application of
data which will be overlooked by any review board, no matter how competent. This is
due to the inhcrently inventive nature of the type of applications technology towards
which Apollo Applications is geared.

Since any advance prediction of user requirements can be only a gross appro:xi-
mation of the actual requirements, it is worthwhile to consider a system which is
more closely coordinated with these actual needs. Such a system could operate as
follows:

1) Accept, process as necessary, catalog, and actively store all incom-
ing experiments data. **

*Ludwig, A. H. GSIFC, Advanced Space information Systems

"It must be kept in mind that the experimenters ave frequently not able to prediet
the detailed characteristics of their expecled data accurately enough to permit
them to write the final processing programs before launch. "

++The topical apportionment of experiments discussced in the previous subscection is
intentionally ignored at this point for the sake of simplicity.
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2) Maintain each experiment in active storage for some set period of time,
and record its usage characteristics,

3) If any experiment fails to meet a predetermined usage count, or sub-
sequently falls below a certain usage rate, purge it by transferring it
from active to inactive (or less active) storage. These ''data retire-
ment thresholds' may be left variable, and thus additionally function
as a control over data base stability.

4) As experiments (or portions thereof) are retired, record this fact in a
catalog so that there remains some centrally located record of all ex-
periments which have passed through the system. After some longer
period of time, certain sections of the active catalog may themselves
be retired.

In summation, it has been concluded that although user requirements must be
given due consideration in determining which experiments data are to be stored in the
AAPA, the cxact requirements cannot be predicted in advance with a full degree of
accuracy. Nor is across-the-board active storage of all data the solution; this operates
at cross purposes with the effective and economic retrieval of data required to satisfy
user needs. The argument then, is strongly in favor of a dynamic system involving
the concepts of both active and inactive (or less active) storage, and depending on the
retirement of low usage data for preservation of effective retrieval. This is the basis
of the system concept outlined in paragraph 3. 8 of this section.

3.3.2 Forms of Data to be Stored. - The AAPA will have to deal with many dif-
ferent forms of data in order to house a wide variety of experiment categories and sa-
tisfy the demands of an equally diversified field of users. Specifically, it must be de-
termined:

® Which forms will be accepted by the archives
® Which forms will actually be provided archival storage
® Which forms will ultimately be distributed to the uscr

The underlying considerations which must first be resolved in order to determine the
above are twofold, namely: 1) which data forms are normally produced during an ex-
periment, and 2) which forms will be required by the user.

It has been noted that information relating to item 2) is extremely sketchy at this
time. This situation may be perpetuated to a certain extent well beyond the first AAP
launches. Consequently, it is dcemed advisable that - initially at least - users be con-
strained to utilize either the same data made available to the PI, or that which is nor-
mally yielded by PI reduction and analysis. This is considered to be a workable con-
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straint in that: 1) the data provided for the experimenter is normal’y in a format alapt-
able to large-scale digital computers*, and 2) the initial users of the AAPA may be ex-
pected to be primarily those organizations already having comparable computer capabil -
ity at their disposal. If it is subsequently determined that additional formats are re-
quired to properly serve an expanding user community, this service may be effectively
incorporated at the retrieval and output portion of the archive, rather than at the input
and storage portion.

This results in a fortunate simplification, namely, that the data forms to be ac-
cepted and stored by the AAPA consist principally of those forms normally made avail-
able to the PI, or those produced by his subscquent reduction and analysis. In order
to more competently evaluate the AAPA data storage requirements, a review of both the
types of experiments data and their various format versions is required.

3.3.2.1 Data Types to be Stored. - In spite of the increasing complexity of the
sensors employed in space experiments, coupled with the greater involvement of on-
hoard computer processing, the variety of methods actually required to record the re-
sultant experiments data appears relatively fixed. Analog, sampled analog, bi-level,
digital, and scanned image (facsimile or digital representation) data is normally trans-
mitted via PCM telemetry to one of the Manned Space Flight Network (MSI'N) Remote
Sites. The signal is then recorded, along with ground timing and other pertinent infor-
mation, on seven track analog magnetic tape. After telemetry post-processing, "clean-
ed up'' digital versions are forwarded to the experimenters. Alternately, any of the
above data types can also be stored on magnetic tape aboard the spacecraft for eventual
recovery after splashdown. In this case, image data can be recorded photographically,
rather than by facsimile techniques. Other data may appear in the form of astronaut
notes and physical samples.

Under contract with NASA, Bellcomm, Inc., has compiled a list of experimenter
data requirements for the initial five AAP launches involving fifty-five experiments**,
This report lists the recovered data as being of the following types:

Electrical
Digital - Expressed in bits

Analog -

Narrow band (0 - 100 Hz) - sampled for transmission and recorded
digitally.

*lelemetry Processing for NASA Scientific Satellites, Habib, E. J., Information Pro-
cessing Division, GSIFC.

**Data Generated by Experiments on AAP Plights 1A through 4, Agarwal, R.K., Bellcomm,
Inc., Sept. 22, 1967.
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Mecdium band (100 - 3000 Hz) - Recorded as analog, expressed in medium
band channel hours.

Wide band (> 3000 Hz) - Recorded as analog, expressed in wide band chan-
nel hours.

Non Electrical

Film - 8, 16, 35, 70, and 75 mm, plus "film strips' and "photos'"*.

Written notes - Hard copy

Physical Samples - Biological, soil, and space samples (e.g., stardust
and green cheese)

For the purposes of subsequent data volume estimates, plus the overall AAPA
system design, the above data types are considered to represent the inpul types re-
quiring storage within the AAPA. The actual system media for cffecting this storage
is discussed in Section 6. 0.

3.3.2.2 Data Versions to be Stored. - Between the time an experiment is con-
ducted on board the spacecraft and the time the PI publishes his finzl results, the ex-
periment data will undergo an assortment of data handling and processing operations.
During the course of these operations, several different versions of the original data
will be produced: some of these constitute merely refinements or a rearrangement of
the base data, while others involve data reduction and interpretation. A re-
view of some of the aspects of post-flight data flow is therefore required in order to
1) enumerate the major data versions produced, and 2) ascertain which versions are
best suited for the AAPA.

The Raw Analog Data tapes recorded at the MSEN sites and containing the tele-
metered experiment data will be forwarded to the GSIFC, where they will be monitored
to assurc proper network operation. These tapes will then be forwa rded to MSIFC or
MSC for processing. NASA Center processing will consist of the following activities:

1) Analog-to-digital processing, in which the data will be signal condition-
ed, converted to digital form and recorded on digital magnetic tapes.

*TI'he conventional standards for photographic film, as established by MSC, are: 8, 16,
35, and 70 mm, 5in., and 9 1/2 in.
**AAP Experiments Data Flow Plan, Bellcomm, Inc.
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2) Digital computer processing, in which the data will be processed to flag
crroncous data readings, to verify the correct time when necessary and
to sort the data readings and time for presentation to the appropriate ex-
perimenters.

3) Data plotting, in which data to be presented to experimenters in graphi-
cal form will be plotted.

4) Support data processing, in which supporting information such as orbit/
attitude data and command data will be prepared.

5) Quality control, in which all processed data will be inspected and certified
prior to being released to experimenters.

6) Production control, in which the overall scheduling and control of the
facility will be achieved.

Figure 3 shows this overall processing sequence as it relates to the NASA Centers.
The decommutated (sorted) digital data tapes which are ultimately forwarded to the ex-
perimenter are referred to as Experimenter Tapes.

The data retained on board the spacecraft, rather than being transmitted to the
MSFN sites, will be shipped with the spacecraft to the MSC. Physical samples will
be handled in accordance with instructions fromthe PI; film will either be delivered in-
tact to the PI or processed at MSC; and on-board tapes will be processed as necessary
for release to the experimenter. Together with the Experimenter Tapes these data
constitute the Raw Data which will normally be forwarded to the PI.

This Raw Data then passes under control of the PI, who is faced with the task of
reducing the bulk data into forms from which meaningful conclusions about the pheno-
mena being investigated can be reached. Reduced Data is defined as data which has
been configured in the manner most amenable to final analysis, but has not been sub-
jected to any types of reduction which might alter or destroy any of the fundamental in-
formation content. It therefore represents the most refined level of data prior to the
interpretation stage. Although the actual point at which data ceases to be "reduced"”
and commences being "analyzed'" may elude precise definition, data reduction common-
ly incorporates such operations as reformatting, sorting, merging, accumulation, sta-
tistical analysis, and mathematical manipulation of the raw data. 1t also includes some
provision for outputting the summarized data in a readable form, such as line printer
tabulations, x-y plots, motion picturcs, cte. The volume of the data which must be
handled, and the complexity of the programs for handling them, vary depending upon
the intended analysis technique. These techniques can generally be sorted into four
major categories:*

*Advanced Space Information Systems. Ludwig, G. H., GSFC, April, 1967.
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1)

3)

4)

Data Scanning - It is frequently necessary to scan all or a major portion

of the data rapidly and with relatively simple processing to select the
most interesting portions for detailed analysis. Dynamic visual displays
appear most promising for this operation.

Mapping - Many experiments require the selection of data from specific

and predictable regions or periods of time to provide a mapping in either
space or time. Inmany of these cases only a portion of the data must be
processed, but the processing may be relatively complex.

Analysis of Selected Events - Detailed analysis may be performed on
selected special occurrences, such as penetration of the earth's mag-
netospheric boundary surface, or solar storms.

Full Analysis - Certain experiments may require full analysis of all
data. This is especially true for very slowly occurring phenomena such
as micrometeorites or heavy cosmic rays, where all events must be
analyzed to obtain statistical significance.

The results of these analyses - the Final Analyzed Data - is that data which the
PI designates as best containing the scientific results of his experiments. The end
product - namely the experiment results - are ultimately published in the scientific and
technical journals serving thePI's particular field of endeavor.

The post-flight experiments data, then, can generally be considered as being pro-
cessed into four major versions: Raw Analog Data, Raw Data (digital), Reduced Data,
and Final Analyzed Data. Obviously, it will not be necessary on the basis of either
archival requirements or user considerations to house all of these versions. Inthe
case of the Raw Analog Data, the NASA centers performing the post flight processing
will retain the analog station tapes for six months, and then erase and reuse the tapes. *

In assaying the remaining three versions, it is worthwhile to consider the pre-
cedent established by NSSDC.  To quote from their literature:

"Primarily, NSSDC acquires reduced data records which have been
prepared from the original data by the introduction ol such factors as cali-
bration and correlation. These data normally present the value of the quan-
tity measured as a function of time, position, and other appropriate para-

meters.

In addition, an attempt is made to assure later investigators in-

dependent use of the data by providing corollary information such as:

*AADP Ixperiments Data Flow, Bellcomm, Inc,, Pauley, R. J.
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e Description of the instrument or measuring device for collecting
data.

e Discussion of any important or unusual developments occurring during
the course of the experiment which affected the data.

e Specific methods employed by the principal investigator in performing
his data reduction and data analysis.

e References to the scientific results of the analyzed data and all other
pertinent bibliographic materials.

In addition, NSSDC obtains those final analyzed reduced data which the
principal investigator designates as best containing the scientific results of
his experiment. Paramount in this acquisition is the preservation of the in-
tegrity of the investigation. Consequently, the form of the reduced data ac-
cepted by the Data Center is determined by the nceds of the experimenters. "

Expericnce has shown that at NSSDC the Reduced and Final Analyzed Data were
the most useful versions of data from the user standpoint. It was pointed out that the
Raw Data, or Experimenter Tapes, were normally meaningful only to the experiment-
cr, and that only after the type of reduction outlined above could the data be readily
interpreted by other investigators. Of course it must be remembered that in this case
only space science cxperiments data is being considered.

Aside from user requirements, there is another factor which may have to be con-
sidered in deciding whether to store Raw Data in addition to the Reduced and Final Anal-
yzed Data in the AAPA. NSSDC has the advantage of being located at Greenbelt, Mary-
land, along with the GSFC Central Processing Facility (Building 23) and its tape archi-
val facility (Building 16). Under the present policy, this tape storage includes the origi-
nal analog tapes, buffer tapes, edit tapes, and final experimenter tapes. From the ar-
chival standpoint, then, there is no need for NSSDC to store other than the Reduced and
Final Analyzed Data versions.

This may not be the ease with the AAPA, The NASA Center responsible for the
majority of the experiments and subsystems on 2 module, pencrally the Center respon
sible for the module telemetry system, will process all the post-tlight data from the
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module. Consequently, nearly all AAP postflight data handling will be performed

cither at MSC or MSFC.* Therefore, determination of which data are to be stored in

the AAPA depends to a certain extent on the availability of other archival facilities. If
there are none available, the AAPA might be configured to store all experiments data
except the analog station tapes, which are to be erased and reused. If other archive
facilities are available, it might be feasible to store only - the Reduced and Final Analyz-~
ed Data — much in the same manner as NSSDC.

Since this item represents a major consideration in deciding the location, de-
centralization, and organizational structure of the archive, its more detailed evalua-
tion is included in Sections 4.0 and 5.0. For the purpose of defining the archives data
base, however, two versions will be considered - one containing the Raw (digital), Re-
duced, and Final Analyzed Data, and the other just the Reduced and Final Analyzed

Data. It will be seen that the only principal difference is the size of the data base; the
structure and activity of the system are not significantly affected.

3.4 Estimate of Digital Data Base

The preceding sections have dealt with the types of experiments and versions of
experimental data which appear most appropriate for storage in the AAPA. In order
to ascertain the characteristics and size of the data base predicated by these considera-
tions, it is first necessary to regress one step and consider the overall experimental
data volume.

The AAP Data Flow Plan Tasks and Assignments lists six basic tasks. Task
No. 1 - Estimates of Experimental Data Generation - has been undertaken by Bellcomm,
Inc. To date, the estimates released by Bellcomm relate to the digital data produced
by the fifty-five experiments scheduled for the first five flights. At present, there is
not enough information known about the photographic requirements of these experi-
ments to permit an estimate of image data volume. **

In the above referenced repbrt, low-estimate figures are obtained by tabulating
only the desired data from each experiment; i.e., the bits that are collected if the dura-
tion of the experiment and the rates at which the experiment sensors are sampled are
exactly as requested by the PI. These figures are listed in Table X.

*AAP Experiments Data Flow Plan, Bellcomm, Inc.

**""Data Generated by Experiments on AAP Flights 1A through 1," Case 600-2, Agarwol,
R. K., Bellcomm, Inc., Sept. 22, 1967.
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TABLE X
DESIRED DIGITAL DATA VOLUMES FOR AAP
FLIGHTS 1A THROUGH 4

DATA RATE TOTAL DATA
FLIGHT (Bits/Sec.) (Bits)
AAP 1A 3K 4 x 108
AAP 1-2 18K 2 x 109
AAP 3-4 19K 6 x 109

The actual amount of data collected from an experiment may considerably ex-
ceed this "requested" amount because of the small variety of sampling rates available
on existing Apollo and Gemini PCM systems. Using this and other related considera-
tions, the report further provides estimates to show the '"best-fit"" between desired
data and the sampling rates available on the carrier module. These more realistic
figures are contained in Table XI.

TABLE X1
ADJUSTED DIGITAL DATA VOLUMES FOR AAP
FLIGHTS 1A THROUGH 4*

DESIRED DATA ADJUSTED DATA ADJUSTED
RATE RATE TOTAL
FLIGHT (Bits/Sec ) (Bits/Sec ) (Bits)
AAP 1A 3K 11K 1.5 x 109
AAP 1.2 18K 47K 5.2 x 109
AAP 3-4 19K 40K 1.3 x 1010

Furthermore, it is possible to obtain high estimate figures by considering the
spacecraft communications link as the final limiting factor in the collection of experi-
mental data. This approach was suggested carly in this study during discussions be -
tween Belleomm, BERC, and UACSC. ¥*  Since the previously referenced Belltecomm
report does not attempt an overall data estimate on this basis, this study group has

*Adjusted totals are not contained inthe Bellcomm report. Those presented were
calculated in direct proportion to the increased data rates.
**UACSC Trip Report (Contract No. 7), Bellcomm, Inc., June, 1967.
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made such an estimate based on communications information contained in a second
Bellcomm report. *

Using the data figurcs obtained by Bellcomm for the first 55 experiments and the
three approaches outlined above, it has been necessary to establish some bases for
extrapolating these figures for the remainder of the projected AAP experiments, and
estimating that portion which would be stored in the AAPA. These bases are discussed
in the following paragraphs. A thorough familiarity with both of the previously ref-
erenced Bellcomm reports is recommended in order to maintain proper perspective
throughout the remainder of this section.

3.4.1 Desired Data Estimate. - Table IX was established as a basis for dif-
ferentiating between space science and non-space science experiments. This same
method can also be employed to differentiate between the data volumes of these two
factions. Appendix B has been constructed for this purpose. Although hardly an exact-
ing operation, the extrapolation of these initial data figures through the completion of
the AAP can be most realistically made by basing one assumption: that the greatest
data volume similarity exists between experiments in the same scientific/technical
category. Thercfore, the most reasonable estimates may be derived by linearly ex-
trapolating the available figures in each scientific/technical category to obtain category
subtotals, and then combining these subtotals to arrive at a total for all experiments
listed in the Exccutive Summary. As accomplished in Appendix B, this represents the
desired data estimate for the 192 scheduled* * experiments.

3.4.2 '"Best-Fit" Data Estimate. - Tables X and XI compare the acquired data
rates and volumes for '"desired" versus 'best-fit" versions over the first five flights.
The best-fit version can be seen to exceed the desired version by a factor of approxi-
mately 2.4. Applying this factor "across the board" to the desired data figures of Ap-
pendix B yields the best-fit data estimate for the experiments scheduled in the Execu-
tive Summary. Assuming a total of 400*** experiments over the course of the AAP,
these estimates may be further extrapolated (linearly) to give the following figures:

NSSDC: 1.5 x 1011 pits
AAPA: 2.2 x 1011 pits

TOTAL: 3.% x 1011 bits

*'"Apollo Applications Program Experiments Data Flow Plan', Pauly, R. J., Bellcomm, Inc.
**Scheduled at the time of Bellcomm's estimate.
*¥*UJACSC Trip Report, Manned Space Center, Houston, Texas; Question No. 4.
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3.4.3 Telemetry System Transmissionand Acquisition Capabilities. - There
are four spacecraft module telemetry systems which transmit real-time data and three
which transmit playback data from on-board tape recorders. Since various combina -
tions of these modules will be used on different AAP missions, the data transmission
capability on a particular mission will depend on the specific modules assigned. For
the solar telemetry mission, where all seven systems will be employed, Bellcomm
has calculated that the overall daily data transmission capability will be approximately
2 x 1010 pits.* The volume of data acquired at the MSFN ground sites, however, is
dependent on ground station coverage - that portion of the mission during which the
spacccraft is in contact with at least one ground site. [For 30 percent station coverage,
the overall daily acquisition capability, as computed by Bellcomm, is 6. 68 X 107 bits.

It will be noted by comparison with Table X that this theoretical daily limit cmploy -
ing all seven module telemetry systems is greater than the mission total for any of the
individual launches, or even the combined, 56-day duration, AAP 3/4 mission. Never-
theless, one of the overall program goals during the course of AAP will be full utili-
zation of available hardware, and this includes communications hardware. Assuming
a program total of 25 launches, and further assuming that, after the presently scheduled
five launches are completed, this upper limit of data acquisition could be attained, it
is possible to consider some upper limit to the data totals. If these 20 missions were
to be paired into ten twin cluster missions, each having all seven module telemetry
systems and a mission duration of 28 days }** the total experiments data collection over
the course of the AAP would be on the order of 2 x 1012 pits. By proportioning this
figure to the data totals given in paragraph 3. 4.2, this high estimate data total can be
apportioned as follows:

NSSDC: 0.8 x 1012
AAPA: 1.2 x 1012
TOTAL: 2 x 1012

Comparing these totals to those of paragraph 3.4.2 shows somewhat more than a factor
of five spread between the values of high and low (best-fit) data estimates.

3.4.4 Additional Considerations Affecting Data Volume. - Since the beginning
of the space program, there has been an evolutionary development towards higher data
volumes and higher raw information rates from the pasic sensors as the experiments
are designed to conduct more and more detailed measurements. This evolutionary
trend will certainly continue during the next generation of space flight and may be ex-
peeted to include such items as on-board general purpose computers for pretransmission

*"Apollo Applications Program Experiments Data Flow Plan," Pauley, R.J., Bellcomm, Inc.
CPhis 28-day mission life is consistent with Bellcomm assumptions usad in their data
generation estimates, '
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data processing, automation of data acquisition stations, and more extensive real time
data relay to the control centers. One result of these new techniques will be to push
the experimental data transmission rates nearer to the limits of the available commu-
nications channels discussed in the preceding paragraphs. An equally important re-
sult will be the more efficient use of these available communications channels. Esti-
mates have previously been made that in many cases up to 99 percent of the data gath-
ered merely furnishes a background level against which to measure the effect of the oc -
casional disturbance which is the object of the experiment, * As a result of real-

time experiment control and preprocessing of data prior to transmission, it will be
possible to greatly increase the concentration of valid data actually transmitted, In
effect, this constitutes a prereduction of data on board the space craft, and thereby
reduces the amount of reduction required during post-processing at the ground sites,
As a result, the increase in reduced and final analyzed data volumes should be sig-

nificantly greater than the communications channel -limited increase in raw data
volumes,

FFor the most part, these are the types of changes which can be forceast for the
immediate five year period. By using computers and additional control and checkout
cquipment, the data acquisition stations should be able to reduce the setup time for
each satellite pass and hence utilize more time for actual data recording. Other than
this, the basic communication limitation discussed in Section 3. 4.3 will remain essen-
tially the same. Beyond the immediate five year period, however, it appears that or-
biting data relay satellites may come into use.** When they do, they will provide full
time coverage at previously unattainable data rates, and thus effectively remove the
upper limit for data acquisition established by the earlier communication channels.

3.4.5 Tne Data Base. - The figure presented in Section 3.4. 2 represents the
best current estimates of the raw data volumes. In order to complete the data base
estimate, some indication of reduced and final analyzed data volumes is also re-
quired. Discussions with NSSDC indicate that no concrete relationship exists between
the raw data and its subscquent reduced and final analyzed versions. In some cases,
the data volume may be reduced by an order of magnitude or more, while in other casces
it may be inereased by that amount. The assumption here is a one-to-once correlation
between the raw data and the combined subsequent versions.,  Consequently, the high
and low data hase estimates are as shown in Table XII. It should he noted that these
figures do not include any rcecord redundancy. In the actual operating system, such
vedundancy will be required for master records, but not necessarily for copies of re-
cords stored at other lacilities.

*T'elemetry Processing for NASA Scientific Satellites', Habib, E. J., GSFC.
++1"Advanced Space Information Systems, Ludwiz", G. H., GSFC, April 67.
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TABLE X0
DIGITAL DATA ESTIMATES FFOR THE AAPA DATA BASE

COMPOSITION OF DATA BASE ESTIMATE OF DATA BASE (Bits)
Low High
(Best-fit) (Communications
Limit)
Reduced Data 2.2 x 1011 1.2x 1012

Final Analyzed Data

Raw Data (digital) 4.4 x 1011 2.4 x 1012
Reduced Data
Final Analyzed Data

3.5 Data Usage Considerations

Thus far, only the characteristics of the data base itself have been considered.
It is further required to examine the various circumstances surrounding the utiliza-
tion of this data by the overall user community. The reason for doing this is to dis-
close, as early in the planning stage as possible, what type of user trends may be an-
ticipated, which will be high usage and which low usage data, what peak access periods
may be expected, etc. It is possible to construct a hypothetical data-user model to
help analyze these various usage characteristics. Such a model is shown in TIigure 4,
where the AAP Experiment Type Classifications of Table VIII arc matched with the re-
grouped S.1.C. major classifications of Section 2.0. The connecting lines represent
the most likely data flow paths which may be expected to emanate from the archives
to the users. The 'Relative Demand' descriptors for these usage paths represent an
interpretative evaluation of the first-level user responses obtained during this study.
The figures in the upper left-hand corner of the S.I. C. blocks indicate the number of
U.S. companies, as tabulated from Poor's Register of Corporations, Directors and
Exccutives, engaged in that particular area of manufacturing. Areas of overlap (i.c.,
companies involved in more than one major arca of manufacturing) arc ignored since
the intent is to obtain a gross overview of the distribution of major U.S. industries as
related to the profile of AAP experiments.  Using this model in conjunction with the
data base considerations made previously, some basic obscervations can be made.

3.5.1 Initial Usage Characteristies. - Kspecially during the initial phases ol
AAP . the demand for data by users will have a direct relation to the most recent data
(i.c., the only data) acquired. Consequently, it is particularly mcaningful to review
the data accumulation characteristics for AAP flights 1A through 4 as plotted in Figures
5 and 6. These figurcs show that the initial leader in data volume is the Space Engi-
neering category of experiments, which then levels off to be overtaken by both Space
Science and Life Science experiments at AAP-2. Since Space Science is considered
to fall totally under the responsibility of NSSDC, it will not be considered here. Of
the remaining digital data, however, it should be noted that Life Scicnce data constitutes

a8
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approximately 70 percent of the total digital data through AAP-4., Referring to Figure 4,
it can be seen that both Space Engineering and Life Sciences have been classified as low
usage categories. In fact, they may prove to be particularly low usage at first, pend-
ing the promulgation of initial PI resuits through the AAP publicity cycle. Only when
the validity of the initial experiment results and some indication of their net worth to

the user community arc made know, will the AAPA begin to receive any significant
volume of user queries. This vindicates the absolute necessity of having an effective
publicity cycle even before having a full -fledged archive.

It can be further seen that, since the data so far discussed is of a digital nature,
the archives can anticipate a significant 'lag time' between launch and recovery and
the final receipt d data--raw, reduced or final analyzed-- at the archive facility. The
duration of this lag time is dependent on the processing time required by both the NASA
centers and the PI. It is a time impossible to stipulate and, at best, difficult to csti-
mate. In most cases, it can be expected to be somewhere between one and two years
(including PI investigation) although the real-time trends being fostered for AAP will
certainly result in making much data available far sooner. During this initial time
lag period, the AAPA should emphasize the development of its publicity cycle to the
fullest.

One type of experiments data which is not shown in Figures 5 and 6 is photogra-
phic data. The reason for this is that not enough information is presently known about
the photographic requirements of the various experiments to permit even a rudimen-
tary estimation of image data volume. * Scheduled on flight 1A, however, are two
earth resources experiments--S005 and S065-- whose principal mission is of a photo-
graphic nature. One characteristic of photographic data is that it does not require the
intensive postprocessing required of telemetered digital data; it is available upon de-
velopment. Another characteristic is that photographic data is its own best form of
publicity. Also, it can be seen from Figurc 4 that Earth Resources experiments can be
expected to engender by far the highest usage rates. If AAP-1A is consummated as
scheduled, there should be little lag time before the photographic data are made avail -
able to the AAPA, and a considerable influx ol user requests may be expected almost
simultancously, This stipulates that the initial AAPA facility have available (or ac-
cessible) at least o moderately sized photographic reproduction capability.

3.5.2  Later Usage Considerations. - With the completion of & number of sue-
cesslul AAP launches, user requests can be expected to level off in a somewhat more
predictable fashion. User data from previous experiments will have been gatheved,
and this can be applied to predict future requests for both past and future experiments
of a similar nature. Since the highest usage data can still be expected to be Barth Re-
sources and Metecorology, the logical trend will be the seeking ol continual improvement

*Data Generated by Experiments on Flights 1A through 4", Agarwal, R.J., Sept. 22, 1967,
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of user service in thesc areas. This can be primarily accomplished through the Dis-
semination Section which is discussed in Section 6.0. Dissemination is for the most
part a production-oriented operation.

Even though the above tendency may be justified on the basis of user demand,
there is question as to what degree it should be indulged at the possible expense of
other available and useful data. The reference here is to the mass of experiments
data contained in digital form. Although much of this may also contain a wealth of
user-oriented information, it will require considerably more effort throu gh the Sur-
rogation and Announcement functions, discussed in Section 6.0, to make the availabil -
ity of this information known. Since both of these functions are primarily of an intel -
lectual nature, they tend to be more difficult, time-consuming and expensive to per-
form than the Dissemination function. Unless properly promoted by AAPA policy,
much of this valuable, but less obvious, data may tend to lie fallow.

Even so, Figure 4 shows that it is entirely probable that much of the AAPA data
will not experience high, if any, usage. As mentioned previously in this section, the
most sensible archive structure for AAPA seems to be one which segregates active
from less active data with eventual provision for data retirement to a more permanent
archive, enabling the data base to be kept at a working level and more in line with
storage and retrieval requirements.

3.6 Definitions

Examination of the overall nature of the data to be comprehended by any specific

System configuration indicates that the data may be categorized into four major classes

each with distinct and major differences. The articulation of these classes appears to
have useful implications for system design and to provide an appropriate opportunity
for the establishement of a descriptive terminology. Since the four classes happen to
parallel rather directly a similar terminology from scientific and scholarly research
in general, that existing terminology has been adopted in the discussion which follows.
The four classes, discussed in more detail below, because of the fundamental impor-
tance ol the distinction involved, may be summarized here as [ollows:

e Primary data, typified by telemetric reduced telemetric, spacceraft
stored, or photographic data

® Secondary data, typified by technical reports

b

® Tertiary data, typified by summary listings of experiments in progress,

their cost, status, etc.

® Quaternary data, typificd by summaries showing patterns in the tertiavy

data

63



Ham i lton DIVISION OF UNITED yﬂCHAFT CORPORATION HSE R ?49 94
Standard Re

3.6.1 Primary Data. - This the "raw or actual data brought back by sensor and
recording systems. In many cases there appear to be several versions of it, each of
which may have to be stored and managed. There are clean (reduced and partially
analyzed) and dirty (raw telemetry) versions, analog and digital-converted versions,
ete. The differences between these versions and between data records within the pri-
mary class are very large and problematical, but have relatively less immediate ef-
fect upon the process of conceptual design than do inter-class differences. Primary
data tends to be voluminous, difficult and expensive to manipulate, and expensive or
impossible to reproduce if all copies of its record were to be lost by system failure.

It is clear that many of the possible AAPA configurations would involve the storage ol
much primary data in forms such as mag tapes, photographs, etc., where the record
form must be dealt with not only as data but also as an object. There are, of course,
other objects which the system must manage: objects such as the biological and soil
samples and space debris mentioned in the original NASA work statéement, and objects
required in the system's own operations, for instance. The management of substartial
collections of objects results in requirements entirely separate from the management

of data, and these requirements may constitute one of the descriptive boundaries of
the system.

3.6.2 Secondary Data. - This is usually derived from documents reporting the
primary data. The most familiar form of secondary data is the formal summary, in-
terpretation or commentary drawn up by the Principal Investigator (PI) and/or his staff
and rendered as a 'published' technical report, confercnce paper or journal article. If
the same primary data is reused by the same PI or, in a successful transfer of infor-
mation, by another PI, more than one 'version' or families of versions of sccondary
data may occur. Strong provisions have been made clsewhere in NASA for the manage-
ment of this data, under the direction of specific and considered federal and NASA poli-
cies. No justification has been found to consider the inclusion of the management of
secondary data in these 'documentary' versions within the proposed AAPA. There are,
however, a number of considerations involving secondary data which will have to be
defined more exactly; some of these involve policy-type decisions where the considered
judgment of NASA management may eventually have to to solicited. There is, for in-
stance, the question of compatibility and commonality with other NASA and federal in-
formation systems; in many cases these appear to involve links between adjoining classes
of data. How and to what cxtent will primary and tertiary data comprchended by the
AAPA nced to be linked to related tertiary and secondary data managed by, say, the
NASA Scientiflic and Technical Information Center in College Park? Which agency will
establish, store and manipulate the linkage information? The problem of definition
heve is not a minor one.  There is, in addition, the question of alternative versions of
secondary data not comprehended by the document-managing agencies.  Some of these
alternative versions may be particularly problematical beeituse of the occurrence in o
single record of two or more classes of data,  Some examples include:
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1) Lab notebooks and similar notes. Many laboratories have long had for-
mal management arrangements for the storage and control of these, and
the PI himself has a strong interest in them.

2) Backup material not included in the formal journal and technical-report
versions. The existence of the material is frequently alluded to in the
published versions, and is now normally found (when it can be found) in
personal files or organizational files. The American Documentation
Institute has sponsored a growing archive of such material, now housed
and serviced by the Library of Congress. A number of professional and
scientific societies are involved in similar archival activities.

3) Informal communications such as preprints, abstracts, notes for con-
ference '"'talks", etc. Many professional and scientific societies are
now heavily involved in the archiving and distribution to users of such
communications. Their managerial arrangements vary from very good
(ATAA) to disastrous. Involvement in such activities can be very expen-
sive, even where the systems arrangements are efficient. NI, for in-
stance, was spending $416, 000 per year on such activities in only scven
rather narrow subject areas when its program was abruptly ended #nd
NIH returned to its primary role as a research and research-sponsoring
organization.

It appears unlikely at present that the AAPA system will store and manage sig-
nificant amounts of secondary data; the relationship with other agencies which do handle
it, however, will have to be formally specified, and will constitute one of the boundaries
of the AAPA system. The specification of which types of linkages to secondary data will
be handled by the AAPA system, and under what conditions, will describe one of the in-
ternal characteristics of the system.

3.6.3 Tertiary Data. - The most familiar form of this information, frequently
called surrogate data, is probably the library catalog card; indexes and directories in
general are composed largely of tertiary data. It is such information which is mani-
pulated by the NASA/SCAN system; which appears in NASA's STAR publication and the
indexes of the Apollo Parts Information Center (PRINCE/APIC) in Huntsville. Other
examples might include the Executive Summary or "Manned Space [Flight Experiment
Catalog Listing" documents of the Manned Space Flight Program. Tertiary data may
be generated by middlemen, or by middleman agencies, rather than by the Principal
Investigator (PI) or the ultimate user. Aftempts in the past several years to involve
the Pl in generation of tertiary data (viz. the use of DOD form 1473 in the back of DOD
technical reports) have been energetic but largely unsuccessful.

3.6.4 Quarternary Data. - The most familiar form is the survey, usually based
upon a manipulation of tertiary data, which groups and manipulates tertiary data to show
higher order patterns. The manipulation may be performed to show, justify or establish
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funding patterns; review technical efforts by subject areas for program direction pur-
poses. The AAPA system would probably include, as most such systems do, a pro-
vision for informing the searcher that his search query intersects an excessive num-
ber of tertiary records, and that he must add additional descripters to narrow the
search; such an instruction would reflect quaternary data. The sophisticated type of
bibliography librarians call a 'guide to the literature' usually involves quaternary data.
The operation statistics which the system reports on its own operations are quaternary
data.

3.7 First Level Flow Chart

The AAPA will be established by NASA to afford the widest practical distribution
of non space oricnted experimental data, both raw and reduced, resulling initially from
the Apollo Applications Program. As such, it will provide an active repository of ex-
perimental data for all users. This section addresses itself to the functions of the ar-
chive and presents first level functional flow charts for a fully operational system. By
the nature of the system and its data input, the complete AAPA discussed hercin will
gradually evolve from a smaller, more compact pilot system. The pilot system will
be discussed in Section 3.11.

3.7.1 AAPA System Functions and Boundaries. - While this system has been
called a dita archive, its principle concern is with the dissemination of practical, cur-
rent (nonspace-oriented) experimental data and not with the preservation of all AAP
raw data.  As such it will provide an active repository of operational experiments data
for all investigators and will be responsible (Figure 7) for the active collection, organi-
zation, annowncement, storage, retrieval and for the collection of feedback from uscers,
and dissemination of dati,  The system must perform the functions of making known its
usefulness, performing on users' requests, locating sowrce data and conditioning this data
for interpretation by a user. In the process of performing these functions, the AAPA
will keep abreast of current user requirements through feedback from thesc users.

The process of conceptual design for a system such as the proposed Apollo Ap-
plications Program Archive which fulfills the aforementioned functions cannot proceed
rationally and efficiently without a satisfactory and formal delineation of the boundaries
of the system. Such a delineation is, in effect, the first and most general description
of the system. It is also, initially, the description most useful in the early iterative
phases of definitionof other system characteristics such as CPU requirements, memory
capacity and structure, role of the ultimate user, I/O requirements, cost constraints,
and the like. The boundary conditions are graphically shown in Figure 8. The General
Archives System consists of the technologienl constraints of an inputl of data, an output
of data, havdware, and soltware. Theso constraints must hoe determined and measured
in lerms of accomplishing the objective for which the system s to ho desipned and then
tempered by the constraint of cost. 'FPhe degree ol decentralization hecomes a scecondary
[actor depending upon the requirements ol the users and the trade-ofl of ¢cosl versus ser-
vice rendered.
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3.7.2.9  Apollo Postflight Data Handling. - Since the hardware and support

facilities developed for the Apollo Project are to be used to the maximum extent possi-
ble in the Apollo Applications Program, it is logical to first examine the mechanics

of the postflight data flow of the Apollo Project. This has been done and reported by
Bellcomm, Inc.* A suggested postflight data flow, shown in Figure 9, consists of the
data handling activities from the time the data is first recorded on analog magnetic tapes
at Manned Space Flight Network (MSFN) tracking sites until the time these tapes are
placed in permanent archival storage.

Tapes from all of the MSFN sites except Texas (TEX), Guaymas (GYM), and
Cape Kennedy (MIL) are transported by commercial air transport to the NASA/ GSFC,
Manned Flight Operations Division. At Goddard, copies of the tapes containing launch
vehicle data are made and forwarded to Huntsville, Missions Operation Office; copies
of a limited number of tapes are made and retained by Goddard network engincering
personnel; and copics of seclected tapes are made and forwarded to various coniractors
as specitied by the Program Support Requirement Document. The bulk of the original
tapes are forwarded to IHouston, the Computation and Analysis Division, lor analyses;
however, some selected original tapes are also forwarded to the Space Division ol
North American Aviation for analysis.

Tapes from the remaining three MSFN sites - Texas, Guaymas and Cape Kennedy-
are transported by commercial aircraft directly to Houston's Computation and Analysis
Division. Here, copies of the tapes containing launch vehicle data are sent to the Mis-
sion Operations Office in Huntsville; copies of a limited number of tapes are made upon
request and forwarded to the Manned Flight Operations Division of Goddard; and copies
of selected tapes are forwarded to the various contractors as specified in the Program
Support Requirement Document . Again, some original tapes are forwarded to the Space
Division of North American Aviation for analysis and the remainder (the bulk of the ori-
ginal tapes) are retained at Houston.

When North American has completed their analysis, they return the original tapes
to Houston. After two missions or twelve months, all of the original tapes are then sent
to Goddard for permanent archival storage.

3.7.3 AAPA Input Data Flow. - Based upon the Bellcomm report of the Apollo
postflight data flow, a logical input to the AAPA for flight data would be similar to that
shown in Figure 9. It should be noted that AAP data extracted from MFSC tele metry
tapes go dircetly to MSFC from GSFC. Likewise, AAP data extracted from MSC telem-
etry tapes goes directly to MSC from GSFC. Then, since all original tapes will be routed
to their respective control centers, it is assumed that these centers will be responsible
for the deccommutation process of telemetry data and for the distribution of the decom-
mutated copy tapes and hard copy data (photographs, etc.) to the experimenter and the

*'Apollo Data Flow', Casc 600-2, Pauley, R. J.. Bellcomm, Ine., 13 July 1967,
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AAPA. This in no way shifts the responsibility or the point of contact from the other
NASA field offices as far as the experimenter is concerned. An experimenter must still
deal through "his'" field office, and said field office would be advised by the control cen-
ter when data is forwarded to one of its experimenters.

A diagram of the complete AAPA input data flow is given in Figure 10, including
both data flow and control paths. In discussing the system input, the data flow will be
considered first and then the necessary "controls". A more complete discussion of
the overall control considerations will be rendered in the following sections. Figure 10
has been composed based upon the assumption stated above. The alternate assumption
could have been made that each cognizant data center will perform the decommutation
of data for its own experiments - receiving the raw analog tapes from Houston. The
use of one or the other assumption is of little consequence to the AAPA system and is
included merely for completeness.

Scveral types of tapes are candidates for storage in the AAPA, including 1) re-
duced analysis (reduced data and final analyzed data) tapes returned from the experi-
menters; 2) extract tapes for the experimenters; 3) selected data obtained from secon-
dary input sources; and 4) various digital tapes that can be produced from the analog
flight tapes. The first three types would compose the active data base referred to
earlier while the fourth would generally be in an inactive data base. The secondary
input sources referred to in the type 2 data include many of the data centers currently
in existence which store various types of Earth related data. Thus, should the AAPA
receive a sufficiently large number of requests for data which are stored at one of
these other data centers, it may be desirable to obtain and store copies of such data
at the AAPA. A Data Acquisition Group will be responsible for the actual physical ac-
quisition of all data. '

Prompt and complete acquisition of data must be guaranteed for the system if it
is to operate effectively. Such acquisition cannot be assumed and must be secured by
positive and deliberate efforts. Acquisitions Officers must be provided to expedite
and ensure data acquisition and some of these must be remotely located (regardless
of the location of the AAPA control staff and main archive) with adequate travel funds.
The Acquisitions Officers must acquire tertiary data for the system as well as primary
data and over a long chronological span from before the AAPA flight to after the com-
pletion of the experimenter's contract. Acquisition Officers will have to have consider-
able familiarity not only with experimental data techniques but also with the NASA pro-
ject management process.

Once data has been received hy the Data Acquisition Group, it will be torwarded
to a data control department which will consist of a data control group and a usce analy-
sis and technical writing group. The Data Control Group will be responsible for the
generation of most ol the tertiary data associated with the data base, for any data file
conversion, and for the storage of (digital) catalog and abstract data. Tertiary data
commonly includes such things as library catalogs (cards or bound documents), indexes,

71



v

HSER 4994

U
Re

¥1-89

SDOTVLIYD

mo1d eyeq mdu] VAVV 0T 9andig

1sANdIY vivd

JOVHOIS
TVAIHOUV

SALIS NASI
‘TN "RXD ‘XIL

d10SdVO

Jovds

DIVISION OF UNITEQ AIRCRAFT CORPORATION

Hamilton
Standard

aNv
SLOVHIsdV

NOISHAANOD
11 _|_h 0489
viva __
{013 ‘STTINVS M | I
‘SLYOd Y (|
‘SOLOHJ)
AOVHOLS = l""""""““"“"LI_II'Iu_._
Ad0D a¥vH (aovHOLS VIvd dno¥n - VIVA MVH q3I0TTES I
(NOLLVIWHOJNI SLOVHISHEV
TAILVIZHOD ANV DOTVLYD) === SIOUNGS __
anv =~ AUVANOOES I
viva IDVRI vivd
azonaay %m_,mwmwwww DNIdTIA I
Vivd TviIDIa) anv viva ad _ASOOH | -
ADVHOIS TOYLNOD VLVA | ~ZATYNV. G uz | anv NOISNOH
TVAIHOHV "~ TTVNLI ~INFRHIIXE mwwww | OSK
) _ <MJM T #
I - laaonaza | _
ol _ _ | !\
[ | Ls3ndad _ I
ol | viva | I
[ B Il
I HNILVNITHO0D _M
(.
(3SNOH-NI ATTIASLNOH
™0 FO1AI0 dNOYD HNLLM NOLLVI¥OJNI NOLLVNIGHOOD DdSK
ONIINI¥d LAOD) TVOINHOAL ANV
NoILVOrignd SISATVNV dSn
SALVYWILSE VIVA AAONVAAVY 1Yvo
VSSO
ASWO
- _ _ SUdAH
vavv VSVN

WAD “IIK
‘XAl
LdIOXI
SNOILVIS
ONINOVYL

72




Hamilton .. Y HSER 1991
Standard Ae

cross referencing and directories; however, the tertiary data generated for the inactive
data base will be limited to the minimum needed for indexing.

The AAPA Catalog should be partitioned into small systems oriented to the needs
and terminology of particular groups of users. This must be paralleled by a partition~
ing by specialty of the data use staff. Each of the specialists must be responsive enough
to the needs of his own list of customers to effectively prevent him from generalizing.
The actual mix of backgrounds of these specialists may be determined by the system
administrator. It is expected that at least four specialists will be required at the out-
set of system operation,

The spccialists should be centrally based with adequate travel funds. In some
cases, assembling users at AAPA expense may be preferable to having the AAPA data
use specialists travel, and travel funds should be available for such purposes.

The AAPA Catalog products must be responsive both in content and organization
to the needs of the data use specialists intheir dealings with potential users.

As mentioned above, one of the functions of the Data Control Group will be the
performance of any data file conversion. The purpose of the data file conversion pro-
cess is to convert the various data to be archived into a media and format which is more
amenable to the AAPA Storage and Retrieval System. This will include the reformat-
ing of digital data into a common system format, with the addition of any necessary in-
dexing tasks for data identification and retrieval purposes. It will also entail the trans-
ference of image data (mostly pictorial and graphical) onto either a film or magnetic
base which is physically less bulky and lends itself more readily to system manipu-
lation. In the Iatter case, where the data transfer involves image size reduction, there
results a loss ol resolution, and hence a loss of potentially recoverable information.
Therelore, it will also be necessary to retain the original hard copy version of the image
data in permanent though a less readily accessible archival storage. Implicit here is
the incorporation of sulficient cross-indexing information to allow the original hard copy
item to be located from the "compressed image' version, and vice versa.  (Since the
compressed version of the image data has less resolution and hence contains less data,
it may be instructive to think of the compressed version as an "abstract' of the original.
This is especially so in light of the concept of primary, secondary, tertiary, and qua-
ternary data mentioned elsewhere.) When the input processing has been completed, the
data will then be placed in "archival" storage for ready access to user requests.

The control or coordination of the input data flow rests primarily with the Data
Coordinating Group. This group will interface withthe NASA field offices, the experi-
menters and other data centers externally and with the data control department inter-
nally. The NASA field offices 1) will furnish preliminary data estimates to assist in
advanced system planning; 2) will serve as the initial interface between the AAPA and
the experimenter: and 3) will furnish the archives with copices of sclected raw data tapes
that users may request.

-1
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Similar to the procedure employed by the National Space Science Data Center
(NSSDC). it is believed that the experimenter will be under a contractual obligation to
NASA to furnish his reduced data to the AAPA. Some fixed time following the receipt
of his raw data from Houston, the experimenter will be required to file a data analysis
plan to the Data Coordinating Group which specifies in what stages he will reduce his
data and what he anticipates furnishing to the AAPA. From this plan, definite agree-
ment can be reached as to what data the experimenter will furnish and what time sche-
dule he must follow in submitting the data. The AAPA will, in general, be most in-
terested in receiving reduced data, namely the raw data from Houston which has been
calibrated, corrclated, processed to remove noise, and is in a useful torm (as a func-
tion ol time, distance cte.) to undergo analysis; and final analyzed data which is that
data which the experimenter uses to support his {indings.

Internally, the Data Coordinating Group will be responsible for overseeing the
data flow operation. To this end, group personnel will follow the data through its pro-
cessing, file conversion and storage, and the group will maintain copies of all catalogs
and indices, As mentioned above, the primary interface in this task will be with the

data control department, which consists of a Data Control Group and a Use Analysis
and Technical Writing Group.

The Use Analysis and Technical Writing Group will work closely with the Data
Control Group on the indexing task. The group will consist of competent technical
people who are capable of analyzing the best potential uses of data to the extent of
being able to determine the optimal "tags' (index designations) to assign to a given
block of data. The indexing task could prove a fairly complex problem because ot the
various applications possible for a given block of data. Photographs, for example,
could be categorized by the latitude and longitude of the photographed arca; by the geo-
logical, oceanographic, or metcorological phenomena photographed; by the time of day
al which the photograph was taken; by the camera used intaking the photograph, ete.
Thus, members of the group must be able to discern all of the possible ramifications
of a given block of data.

IFor example, Professor A. J. McNair of Cornell University who has had con-
siderable experience in the area of photo applications, has provided a list of the sur-
rogate information which his staff deems essential for referencing photographs. Thesc
reference items are as follows:

1) General location of exposure station - this can be given in longitude
and latitude or in universal trans -Mercator projection,

2)  Altitude of exposurce station - this parameter, in conjunction with item
No. 1, would provide X ¥ 7 location of the exposure station al the in-
stance ol exposure lor each photograph.
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3) In some instances, items 1 and 2 could be satisfied by a complete defi-
nition of orbital parameters. Orbital data might be preferred if ade-
quate computer facilities are available.

4) Orientation elements - these would consist of the direction cosines of
the camera axis with respect to the geocentric center of the earth. In
other words, the axis of the camera would be defined in terms of geo-
centric earth coordinates,

5) Camera parameters -

a) Tocal length of the lens

b) Speed of shutter

c) Type of film used

d) Kind of filter used

e) Type of lens

f) Calibration characteristics of lens
g) Lens distortion characteristics

h) Fluidicial marks

6) The exact time and date on which the photo was taken - time should be

supplied in the most usable form and this would probably be Greenwich
Mean Time.

The above items actually constitute requirements for the use of space photographs
in the fields of photogrammetry, photo interpretation, and geodesy. However. if this
parametric data is to be supplied, then action must be taken while the data handling plan
for the AAP is still in its formulative stages.

The members of the Use Analysis and Technical Writing Group must also include
competent technical writers who can prepare abstracts for the AAPA catalog (to be used
for data searches) and prepare something equivalent to the "Data Users' Notes" employ-
ed by NSSDC. Included in the se notes are the following: a description of the experiment
and the measurements taken; the background of the experiment and the experimenter;
the data reduction tcchnique employed; the format or formats of the available data; a
bibliography; and a list of references. The cooperation of the experimenter would he
expected for validating such notes. The Use Analysis and Technical Writing Group will
also be responsible for the actual preparation of a catalog for gencral distribution much
like the STAR catalog or NSSDC's data calalogs "Satellite and Rocket Iixperiments' and
"Catalog of Correlative Date'.  This textual material may then be printed cither in-housce
or by the Government Printing Office.

3.7.4 User Access and Retrieval. - After reviewing the various promulgatory,
or tertiary. data concerning the nature of the experiments data stored in the AAPA, the
potential data user is in a position to make a preliminary evaluation as to which data he
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desires, and initiate an inquiry or request to the AAPA. The terms inquiry and re-
quest as used here, are differentiated as follows: an inquiry connotes a query for fur-
ther information concerning the archived data, while a request connotes an actual re-
quest for data retrieval, either for on-site review or distribution to the user.

It is assumed that in spite of the descriptive tertiary information provided as part
of the AAPA publicity cycle, the user will probably not have sufficient information at
hand to decide conclusively which data he requires. Consequently, the user should have
the benefit of successive interrogation loops into the archive before actual retrieval and
distribution is effected. For example, assume the initial user inquiry is in somewhat
generalized vein, The AAPA would then respond with more complete tertiary informa-
tion, on the order ol more abstract information, catalog listings, cte. After review-
ing these, the user might then interrogate the archives with & more specific inquiry,
resulting in more specific tertiary information being output for his review. Once he
fcels he has enough information - including the type of data, media, quantitics, and
prices involved to make a decision, he may reenter the retrieval loop with a data re-
quest. This may be a final request, resulting directly in a release of data for distri-
bution to him, or at his discretion and convenience may include a final onsite review
of the data he has requested.

Figure 11 shows both inquiry and request loops as they would exist in the AAPA.
Both would be initially processed through the Data Coordination Group, since this group
retains overall responsibility of all archival activities. The actual processing of the
inquiries and requests would probably be combined as well; however, these functions
are separated in the figure for purposes of clarification. A fundamental difference
between the two processing functions might be the actual data retrieval: the tertiary
data. which would be accessed by a data inquiry, would probably be stored in a smaller
sized, more aceessible storage media; whereas the bulk archival data, which would
he accessed by a data request, would be stored in the archives per sc.

Following machine retrieval of inquiry type daya, compilation is required to pre-
pare the assembled data for distribution. This consists primarily of converting the
clectronically stored data into hardcopy - primarily unbound paper reports, The nature
andd relatively small volume of this operation should cnable it to be accomplished by
AAPA personncl,

The retrieval and compilation of request data will involve the handling of much
larger quantities of data and types of storage media. After machine location of the
stored material. archive's personnel will have to retrieve and handle such diverseand
incompatible media as magnetic tape, microfilm, hardeopy photographs, and document
hardcopy. As previously mentioned, once compiled, this data may merely be prepared
for distribution if desired by the requestor. Iowever, due to bulk of the data and apr
preciable cost of the media involved, the user should also have the option of an onsite
review if desired.  This gives one final check of the data before release for distribution,
and also provides another dimension for utilization - that or potentially costfree use ol




HSER 199

U
(S

DIVISKON OF UNITED AIRCRAFT CORPORA TION

Hamilton
Standard

MOTJ BB TBASIIIOY PUB SS900VY J0s) 17T @andig

MAIATYH
dLIS-NO

1 SOILSILV.IS

_.
| - | I9VvSn
Y |
NOISYIANOD zoEMHszHeoo | DNISSTOOUd
a11d K99 nowsinbov _ ISENOTY
Vivd vivd Y1a4g _ Yivd

e e |

[
N - (FOVHOLS Viva HOVANALNI 10085
P

o |l | mc\wwmwwm« -  SIOVHISSV ANIHOVIX OL NVIK

I v ] — T

I ANV DOTVLYD) L ONISSTOOU NOILVNIQYO0D

A N ONISSHOONA ISENDHYE /ANIAONI vIva

a1 1 | TALLVIZIEOD ANY TVLLINI I

S _ TOYINOD VIVA *
I_ﬁ“ q An.l_ _ T

s A2

s |

. 1 .I_l ] NOILVTIIdNOD ONISSADOUd
CHak==—=——=F10ovaIsav aOV| |rgmnont viva
OIHd VYDOITdId
ISANDIY/XUINONT 4dSN AA1AIAOI

ISHNOIY/XYINONI ¥ISN TVILINI

— SLOVYISHV INIWIYAIXA




Ham i |t0n DIVISION OF UNITED yﬂcRAFY CORPORATION ‘ HSER 4994
Standard Ae

the archives for users who would be perhaps unable to justify funds for data procure-
ment* but are able to spend time onsite for perusal of the archived data.

One final function - that of data file conversion - will be required if the archives
are to be heneficial to a reasonably broad scope of users. The media, codes and lan-
guages of data storage within the archives are not necessarily those heing used by the
users' data processing facilities. Also, the user with a specialized, or morc modest
installation will probably not have the required means ol data file conversion at hand.
Of course, for the archives facility to attempt to "custom fit'" outgoing data for each
uscr would be prohibitively costly; nevertheless, it is within the realm of practicality
for the archives to perform a limited degree of file conversion so that a greater number
of potential users can be more effectively served.

Data distribution, both for an inquiry and request data, can probably be performed
as a mail-room operation for the initial configuration. Following the growth of both
the archives and its usage, this function will probably expand to the extent where it
could be assembled, by a separate distribution agency.

3.7.5 System Update Concept. - As indicated in Figure 11 usage statistics, a
form of quarternary data, will be gathered about the data inquiries, the available data
found by a data search, the data requested, and the data selected after a review of all
data by the user. These statistics will then be combined for use in the system update
concept shown in IFigure 12, The crux of the system update concept is the operational
review, a computerized analysis of the statistical data. From this review, indications
can be output concerning advanced system planning; modifications in the storage and
retrieval coneept such as thesaurus update, subject index modification and cross vef-
crencing modifications ; and modifications in the data base such as expansion, retire-
ment, format modification, ete. The operational review will be under the supervitgion
of the Data Coordinating Group who will also have control over modifications in the
data base - in particular data retirement.

It is anticipated that when data is retired from the AAPA, it will be placed in
permanent archival storage in a facility such as a local Federal Records Center. At
such time, it will also be nccessary to update the AAPA data catalog and compose a
catalog of retired data to be maintained in the AAPA archival storage. The respon-
sibility for the modifieations to the catalog and for the maintainance of the retired data
catalog would tall to the Data Control Group.

3.7.6 0 Coordinadion of Data Centers. — As mentioned in Seetion 1.0 above, there
are several data centers presently in existence which deal with or are devolted to some
aspeet of Larth vesources data.  Among these are the National Weather Record Center,

fUsage costs, as such, would be required primarily to cover the cost ol expendables
required for user distribution, i.c., magnetic tape, photographs, cle.
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the National Oceanographic Data Center, NASA's Scientific and Technical Information
Facility, NASA's Earth Resources Data Center, the Coast and Geodedic Survey Library,
and the National Aeronomy and Space Data Center. It is therefore desirable to estab-
lish and maintain some form of coordination between these data centers. One means of
accomplishing this, as represented in Figure 13,is to have one person on the staff of each
facility cognizant in a somewhat more than general sensc of what data and/or information
is stored in cach of the other facilities. In the case of the AAPA this would be someone
in the Data Coordinating Section. Thus, when a user comes to the AAPA, for example,
with a request for data that the AAPA does not have, the AAPA could direct the user to
that facility which would most probably be able to fill the request.

Figure 13 contains a block for NASA's Office of Technology Utilization (OTU),
because it is anticipated that in many instances a user may not know exactly what data
he requires or what data is available to solve his problem. In such a case, he could
deal through a local Technology Application Center (TAC) office rather than traveling
across the country to review data at the AAPA facility. For small businessmen, where
the cost of such travel could be prohibitive, the use of Technology Application Centers as
a local input/output would serve as an additional asset. Thus, users of the AAPA have
two possible interfaces: 1) directly with the archives' Data Coordinating Group or 2) on
a local level with the Office of Technology Utilization. It is to be emphasized here that
the OTU is not being restricted to operating solely as a local I/0 and data scarch mecha-
nism for the AAPA. Thesc are added tasks which can be easily assimilated with their
present functions.

3.7.7 Preflight Anmmouncement Cycle. - To best serve its function as a data "li-
brary', it is desirable for the AAPA to have some advanced feeling for what data will
he most useful and most desired by potential users. One means of accomplishing this
is through a preflight briefing and survey cycle as represented in Figure 14, In this
cycle, the NASA field office would notify the AAPA of all experiments and anticipated
data as the experiments are approved. The Use Analysis and Technical Writing Group
of the AAPA could then, with the cooperation of the experimenter if necessary, prepare
abstracts of these experiments and anticipated data, and distribute them to potentiad
users. The users would inturn be able to assess their anticipated requirements for
data and furnish cstimates to the AAPA.

As a byproduct of this process. users would also be able to make recommenda -
tions through the AAPA for follow-on experiments.  An example of such modification
might be an experiment wherein a sensor is to gather data from a particudar area of the
Farth. To a given user it may be desirable to have data also provided from another
arca, and he could request this modification.  In this capacity, the AAPA would act as
a filter between NASA and the user, thereby permitting feedback to NASA on the experi-
ments, yet limiting the influence and knowledge of the uscr on internal NASA functioning
or dircet intervention and interference thereby causing unnccessary work.
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3.8 Control Considerations

Assessment of the realities of the data flow in and out of the AAPA shows a pat-
tern with strong implications for system design. Data flows to the archive, if it does,
through a complex process involving a large number of widely scattered people and
organizations whose attention is chiefly devoted to other activities. The data itself is
of extremely diverse content and in formats so various andmumerous that the types of
record media to be handled are not even known in advance. Data use is by a geographi-
cally dispersed group of users who in total cannot be identified in advance with certainty
and who have no organization, subject or discipline in common.

It is 2 messy situation and one which is potentially quite expensive, or disastrous,
or both for thec AAPA. Effective steps to manage such a difficult situation will require
immediate action to create a broad and facile information tool to support the AAPA data
control subsystem.

Spccifications follow. It should be noted that they are specifications for the whole
data control subsystem not merely the automated record keeping part of it,

3.8.1 Specifications. - The essential features of the data control subsystem must
be capable of being implemented no later than the first quarter of the first year of AAPA
operation. The span of its control must cover data in existence and in the archive, data
packages not yet in the archive, and even data planned but not yet in existence. The span
of control may also have to include data projects in the proposal stage but not yet sche-
duled; however, handling such data does not appear to be a requirement at this stage.
Control must be exerted over ra