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Photographic engineers, working in conjunction with NASA
personnel and subcontractors, would. provide counsel and
technical guidance in the construction of the facilities which
affect the photographic processes. They would make certain
that: the light traps were constructed correctly; the darkroom
storage and production facilities were designed, constructed
and installed properly; and, the lighting and electrical installa-
tions met the specifications.

Electrical engineers and technicians would provide technical
guidance to the chosen subcontractor to produce the required
power facilities, Also they would modify, design, fabricate and
install the electrical equ1pments to be used in the Center. A
detailed listing of these 1tems is given in Paragraph 4A. 6.

4A.2 Display System Implementa}‘tion and Equipment Installation

The proposed system implementation would primarily utilize (or require
modification of) equipment that NASA presently owns, or '"off-the-shelf!"
equipment. Certain other equipments would require design and construc-
tion. In this regard, R-W per sonnel would:

Procure all equipment to be included in the system

Perform the design required to accomplish the modification

By themselves, or in concert with others chosen by NASA,
perform the required reconstruction or revision

4A.3 Personnel Indoctrination .

Inherent in any implementation plan is the consideration of the personnel
who will be the eventual users of the system and the equipment. With

this in mind, it is proposed that Ramo-Wooldridge human factors and
technical engineers train NASA personnel in the proper utilization of

the equipment and the implementation of the system. This would include:
the development and application of an '"on the job'" training program; the
attendance of R-W technicians and engineers at NASA for an agreed upon
period to guide NASA personnel in the use of the equipment; periodic
checks and visits, if requested, to improve performance capabilities;

and, a continuing study of the system effectiveness by R-W representatives.

4A.4 Manuals, Procedures and Reports

During the initial implementation stage and at the times that new personnel
‘are added to the NASA staff, operating efficiency will depend to a great
extent on the written guides available to personnel. Consequently it is
proposed that system procedure manuals, equipment repairs manuals,
parts lists, and W1r1ng diagrams be produced and made ava11ab1e at the
time that the system is installed. '

18. Equipments affected are listed in‘kParagraph 4A. 6.
Appendix B describes the function of the equipments.
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Finally, during the course of the contract effort every step would be
taken to keep NASA management informed of progress and development
by the submission of written and verbal reports. These reports would
be transmitted monthly or otherwise, as required, with the understand-
ing that additional special reports would be prepared and submitted as
requested.

4A.5 Advanced Studies

Since it is. apparent that NASA will not be a static organization and that
‘the scope of its effort will alter considerably within the next two years,
it is safe to assume that the volume of managerial inputs and subsequent
reporting may grow beyond the capabilities of a semi-automatic system.
-Also, during this period, continued developments within the state~of-the-
art may provide a display system which would make it advisable to pro-
ceed to a more automated system earlier than previously imagined.
Consequently, it is suggested that, during the period of the proposed
R-W effort, it would be advisable to keep abreast of these developments.
If such a decision should evolve, Ramo-Wooldridge engineers would -
_ initiate an effort to study the problem and advise the NASA representa-
“tives of the circumstances which create a situation justifying a more
-automated system.. Also as a part of its efforts, if required, R-W,
systems and technical personnel could present to the NASA their recom-
- mendations regarding the feasibility of increased automation, the timing
_involved, the costs which would accrue and a detailed design and plan
for its implementation. :

4A. 6 EQuipme nts

4A.6a OFF THE SHELF EQUIPMENT REQUIRED FOR CENTER

To be pro-

g : cured and Presently
Location : - Item installed owned
Reception Typewriter x (either/or} x

Area Transcriber ‘ o x
10 Key PBX and
~ separate telephone x
Lounging Chair x (either/or)  x
Gate Control Switch X
Conference Stacking Chairs = - - x (either/or) x
© Room . o R
Storage :
Conference 40 Db Doors X
Room . Drapes and Motor ‘ X
Conference Chairs x {either/or) X
Stacking Chairs . : ~ x {either/or) X
Microphone Jacks - - x and - x
- Speakers : x
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To be pro-
cured and Presently
Liocation Item installed owned

Conference Screen X

Room Blackboards x

(Cont'd) Hexcel Ceiling Materials
“Reflective Ceiling Tiles
Switches and Plugs
Prompting Box
Carpeting
Microphones

EEEER

and X

Projection 35 mm Serial Selection
.Room Slide Projector

35 mm Random Access
Slide Projector x

Sound on Film Motion ‘ :
Picture Projector o x

Tape Recorder

- Tape and film storage
cabinets -

Cuing and Signal Lights

‘Slide Storage Racks

Carpeting

Acoustical Tiles

Outlet Boxes

TV Camera

w

b

(either/or) x

L

. Display .. . Ozamatic Machine
Generation Headliner

. Area Artist's Desks
Storage Cabinets o
Light Box
Light Box Table
Copy Camera
Film Driers
Automatic Typewriter

EE

KoXoK

Dark Kreonite Sink
. Room Film Printer:
-Film Processor

]

R

Adminis- Television Monitor : x
trator's
Office
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4A.6b EQUIPMENT TO BE MODIFIED OR FABRICATED

Location -

-Reception
Room

Conference
Room

- Projection
Room

‘Display Gen-
‘eration Area

Dark Room

4B. INFORMATION SYSTEM

To be To be
Item fabricated modified

Desk and File Storage x
Gate and Restraining Wall x
Conference Table x
Control Console x
Drape Controls x
Lectern . X
Drapery Holders x
Light Boxes X
Lights : x
Blackboard Covers x
Loudspeaker baffles X
Three 35mm Serial

Selector Slide Projectors X

- One Random Access 35mm

Selecticn Projector X
16mm Motion Picture

Projector , X
Projector Racks x
Control Box X
Control Center x
Tape Recorder x
Conference Room Controls x
‘Viewing Port b
Television Camera x
Light Box Table x
Cakinets x

4B.) Desgign Over-all Irformation Flow Svstem to Working Detail

Implernentation of the JOC-MAPCS information system will involve these
steps, in order (but steps overlap in sequence):

Final specification of information system detail,

design.

Selection of information processing equipments and receipt of
display generation equipment formsat requirements.

Programming for data processing equipment.

including forms
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Develop files for initial project applications.

Begin develepment of training aids.

Installation and checkout of initial project applications.

Establish training courses for system operators and users.
This section sets forth in ﬂ‘eta'il the nature and sequence of these tasks.

4B.la. DEVELOP SPECIFICATIONS FOR MACHINE- READABLE
. DATA CODES

A first step in developing the working detail for the IOC-MAPCS informa-
tion system will be to settle final specifications for the coding system
upon which the information system is to be based.  The coding system
described in an earlier section of this report is based upon several

~assumptions, which must be either substantiated or d1squal1f1ed in the

implementation phase. 'I'he se assumptions are that:
1. NASA efforts can be organized and controlled in the project-
oriented manner described in the section relating to the coding
system. v

2. Tasks can be planned in sequences of stages, steps and paths,
~as described earlier.

3. A sequence of 93 stages and steps will be adequate for any path
in the system.

4. A total of 100 paths wiil be adequate for any task in the system.
5. Any project in the system will have no more than 23 sections.
6.- Any s.ection,in the system will have no more than 99 ta,sks.

7. Any program in the system will ha;re no more than 99 projects.

8.. The system will not be required to control more than 23 programs.

—-Any change in assumptions 2 through 8 will require a change in the coding

system.  Such changes will only increase the number of characters re-
quired in the code representation, and will not affect the basic codmg

~system structure.

~In developing final specifications for the project network code structure,

it is recommended that a. sample of actual tasks be charted and coded in
order to test assumptions 2, 3, and 4. The largest NASA project should

be carefully examined to test assumptions. 5 and 6. Assumptions 1, 7,

and 8 rest on matters of NASA policy and should be reviewed with the

- Associate Administrator and Program Directors before acceptance.



The coding system proposed for use with project networks is a completely
feasible system for use with a data processing system. It is of some
importance, however, that this statement be fully qualified by carrying
out analyses of programming and file maintenance problems 1nvolv1ng use
of the coding system prior to final acceptance.

A codmg system must be developed for the Facilities Inventory recom-
mended in a preceding section. The code used must have the ability to
specify a given facility uniquely, to reflect such information as shift of
usage, and to be readily manipulated by automatic data processing equip-
ment. It is desirable that the code reflect such information as facility
type, geographic location, organizational control, and degree of freedom
of access. Development of the Facilities Inventory code will proceed
logically from a study of available facilities to determine the desirability
of including each within the Inventory. Facilities to be studied are:

Major computing equipments
~Launch pad complexes
Special Laboratories
Test stands and test beds
© Wind tunnels
Major production facilities

Final specifications for preparation of both project network charts and
facilities utilization charts must be prepared. The initial study, herein
reported on suggests the format for the former type of chart, but not

for the latter. The format for the facilities utilization chart should

differ s1gn1f1cartly from that emp*oyed for the project network, both 4o
minimize possible confusion and to allow display of such items as percent
of capacity utilized, percent available, number of shifts of use during a
given period, etc.

Procedures for updating and distribution of network charts must alsc be
‘determined. Some suggestions in this area are made in Section 3A.

Final specifications for the synonym capability of the information system
should be drawn at the same time the code system is finalized. As initial
projects are placed under the IOC-MAPCS, the synonym cross-reierence
tables will be incorporated in the information system. Procedures for
‘use of these tables will be establlshed at the same time,

4B.1b DEVELOP IOC-MAPCS CAPACITY INDEX

The development of an accurate IOC-MAFCS capacity index will depend
upon mary basic parameters to determine its basic capability, and how,
where; and when this capability will be applied to the overall NASA
program to insure optimum management control. Among the numerous
parameters whick affect the capacity index, probably the most important
are:

Data Volume

Processing Tirmes

Frequency of Reports :

Anticipated Organizational and Program Growth
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- It is, therefore, to this end that further intensive and exhaustive studies
should be made to firmly evaluate and predict the capacity index. To
accomphsh this purpose, the followmg appraisal and analysis procedure
is proposed for each of the four major parameters listed above.

4B.1b.1 Data Volume

Probably the most critical of all the four parameters is the first, because
it is linked in almost direct proportion to the capacity index valuation.

- That is to say, a doubling or trebling in the NASA data volume will im-
mediately be reflected in a corresponding doubling or trebling of the

. capacity index. It is because of this critical direct ratio relationship,
.that perhaps the greatest attention must be focused on this particular
parameter. '

The basic approach to the data volume problem should consist of two
major considerations; 1) a complete analysis, projection; and synthe51s
of all the existing and planned PMP's and milestones currently in use

or under consideration for the Program Management Plan being utilized
at present by NASA, and 2) having established a firm base on which to
work, to then analyze each PMP and milestone very carefully and in
minute detail to establish the equivalent network pattern of stages, steps,
links and goals for each milestone or unique grouping of milestones.

Once an accurate count of all existing and projected programs, PMP's
and milestones has been established, the second step of translating this
into a meaningful network system of tasks, paths, stages, steps, and
goals will be necessary. In the preliminary study, we have analyzed.
the types of milestones shown on the present PMP's and have also
analyzed the types of tasks, stages, and steps which we would include
in our network system and have applied various factors to arrive at
numbers of projected stages, projected steps and projected goals. The
over-all effect of this type of application resulted in a ratio of from three
or four to one, up to as high as eight or nine to one, between current
milestones and these projected stages and steps, while the overall
average appears to be approximately four or five to one.  While we feel
that this ratio is basically a very sound one, the actual network system
may result in a much higher relationship. It is for this reason that in
the final study sample test conversions must be attempted on some of
the projects already in existence to get a pos sibly better approximation
of the numbers involved. These sample conversions will also yield an
approximation of record .size, by showing the average length of variable
fields. :

4B.1b.2 Processing Times

Once the data volumes have been established, our next task is to analyze
the second parameter, processing times. However, if we first look at
the list of four parameters shown we see that actually processing time

is a dependent parameter, being a function of all three other parameters
which are independent. In other words, the amount of processing time
depends on the data volumes, it depends on the frequency of the reports,
and lastly it depends on the anticipated organizational and program growth
at NASA.
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Because of the multiple dependency of this parameter upon these other
three parameters (and possibly many others), as well as the rated speed
and capacity of the respective available computers in the NASA inventory,
it is extremely difficult to express processing time as an absolute number
of minutes and hours.

The best approach to solving the estimate of processing times will be to
program small sample portions of the over-all program and then to run
them on the computer. Once the processing time from this small sample
is determined, it will be a relatively simple matter to project this into

a total for the entire program. However, our investigation, to date, of
the types and varieties of logic involved in maintaining the network system
of control, together with the detail required at the various levels, has

led us to conjecture that the total processing time at each specific field
center should not exceed three to four hours per week, and that the most
probable time will be expected to run in the neighborhood of two to two and
one-half hours per week.

4B.1b.3 Frequency of Reports

~The third of our four parameters to determine the capacity index does
not have a direct relationship on the amount of time required or the
capacity needed, within a given reporting period, but rather relates
directly to the total over-all cumulative time. In other words, a report
cycle of two weeks as opposed to four weeks or a month does not appre-
ciably reduce the amount of computer time required for one computer
updating. However, since there would be twice as many two-week
reporting periods as four-week reporting periods, the total required
computer time for a given time interval would actually result in require-
ment of a double amount of computer time.

- For this reason, we would strongly recommend a plan to investigate
completely the possibility of a variable length reporting period, from
program to program, and project to project. - Since it is normal at the
beginning of most projects and programs for technical and financial
progress to be relatively slow, we feel that a bi-weekly or monthly
“reporting is unnecessary and that a reporting cycle of two to four months
in length would be sufficient during the initial reporting periods. There-
fore, to investigate the possibility of a variable length reporting cycle,

a study will be initiated which will include the following considerations:

- Rate of data flow, from the contractor to the field center, within
the field center, from the field center to headquarters, and
.within headquarters.

Response requirements of the various levels of NASA management
in all three directions;, upward, downward and laterally between same
levels of management.

Types of programs and projects whick could be included under a

variable reporting cycle, since some will probably be fixed length
reporting periods.
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Rate of growth of the NASA programs and projects, which would
affect the capacity of any variable length reporting cycle.

Cost of variable length vs. fixed length reporting cycles.
4B.1b.4 Anticipated Organizational and Program Growth

The last of our four parameters is probably the one which will be subject
to the largest degree of error, since it depends on so many factors,
namely; 1. success or failure of current programs or projects, 2. budget
allocation and fiscal policy of the government, 3. expansion or contrac-
tion of the scope of various projects. 4. status of the international situa-
tion at any time, with a reduction of effort toward defense. 5. reprogram-
ming of effort, due to achievements by foreign power. These are but a

few of the types of factors for which little or no estimates can be made.

Therefore this parameter will require extensive study in each of the areas
listed above to enable a proper development and evaluation for the IOC-
MAPCS capacity index. To a degree, also, the determination of this
parameter is a policy decision to be made at the highest NASA and govern-
mental levels. ‘

4B.lc ESTABLISH ALL NECESSARY FILE CATEGORIES

The basic files recommended in this report are (1) the project file and
(2) the facilities network file. Certain recommendations have also been

made with respect to file formats, level of detail to be carried in field

center and headquarters files, and the physical characteristics of these
files. The implementation phase requires careful study of these recom-
mendations and the development of firm policies and procedures relating
to the establishment and maintenance of files.

The policy for establishing raw data files must answer these questions:
Under what circumstances should a separate project file be
established? It is the recommendation of this study that a
project file should be established upon approval of a develop-

- ment plan.

- What level of detail should be carried in field center and head-
quarters project files?

Who shall be responsible for setting down and enforcing procedures
to insure the completeness and accuracy of original file information?

What restrictions shall apply to the format and content of project
files?

Under what conditions shall facilities inventory files be established?

. What shall be the policy with respect to format and content of
facilities inventory files at field centers and headquarters?



What hard copy backup shall be required for project and facilities
inventory files (punched card or printed matter)?

What are the organizational responsibilities relating to file
establishment?

Policies for maintaining and updating files must follow a similar pattern,
and in addition must specify:

Need for verification procedures to insure the legitimacy and
accuracy of file change data.

Limits on periodicity of file maintenance operations.

Means by which file changes are communicated to appropriate
parts of the system.

Means by which authority to initiate file changes is established.
Organizational responsibilities for file maintenance operations.

The over-all policies regarding files must also be extended to cover the
question of "authority to look''; that is, the priorities and authority for
retrieval of data from established files. In most circumstances the
"authority to look' will reside with the project manager and higher levels
of management, and in any event the project manager should be held
responsible for all reports requested by his project organization. The
purpose of this recommendation is two-fold: (1) to maintain a reasonable
degree of control over use of information contained in the file, and (2) to
guard against a potential danger of lower levels of management proliferat-
ing unnecessary special reports from file data. The policy must also
cover the establishment of procedures for handling and maintaining classi-
fied information in the project files, and for handling and distribution of
system reports containing classified information. '

Early in the implementation, as suggested previously, the data processing
equipments and communications links required for the reservoir concept
must be determined. As soon as this has been done, the physical require-
ments should be carefully restudied to provide firm estimates of needs

for manpower, equipment, and supplies, for each reservoir location.

The organizational pattern for the reservoirs should also be determined
at this time, with responsibilities for reservoir establishment and man-
agement being assigned at as early a date as possible.

4B.1d DESIGN OVER-ALL SYSTEM FORMATS

One of the first and most important objectives necessary to implement
the system will be the study and design of necessary formats to make the
system operable. The first requirement will be to establish the types of
input necessary to achieve the desired results. Since approximately 80
percent of the annual NASA budget is expended with outside contractors,
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the first determination must be made as to whether NASA management
desires the system to control all the activities of the in-house effort
expended on projects.  The assumption in this discussion is that control
will be established on all phases of the project including both in-house
effort and out-of-house activity. Two basic types of input will be necessary
in the proposed system: information regarding technical progress or
scheduling, and information regarding financial status of the contract.

An investigationmust be made to determine the feasibility of using IBM
cards to introduce input data into the system. When a format is decided
upon it will become necessary to obtain Bureau of the Budget approval

in order to require contractors to submit such reports. - A decision

- will also be required to determine the method of making the submission
of these forms a contractual requxrement Simplicity should be stressed
in designing input formats, assuming that information coming from a
contractor should be more valid if it is kept at a. minimum. Discussions
should be held with project managers and people in financial management
to determine the possibility of gathering input data in addition to the basic
requirements, such as knowledge of second or third tier sub-contractors
activities, or possibly additional cost information.

In addition to contractor reporting requirements, it will be necessary to
establish reporting criteria for field centers working directly on projects.
This will mean the initiation of certain changes in systems and procedures
at the field center level, particularly in the area of accounting for project
costs. Presumably this will be accomplished by coordination with the
systems and procedures group working in the Financial Management
offices at Headquarters and the field centers affected.

Once the decision has been made regarding types of input made to the
system, it will be necessary to determine the kind of reporting outputs
necessary for immediate control purposes and for historical documenta-
tion for future use. A study will be made at various levels of manage-
ment to determine their needs in order for them to exercise adequate
control over their projects. Assuming that management at lower levels
will desire more detailed reports than at hxgher levels, an investigation

- will be made to ascertain exact requirements in order to fit output reports
to the demand.

- Reasonable boundaries of tolerances must be established in terms of
schedules and expenditures which, if exceeded, will result in an early
warnmg "flag" to managment that a project is in trouble. Through
discussions with various levels of management, it can also be deter-
mined what types of special reports will be needed to help them fulfill
their responsibilities.

4B.le SPECIFICATION OF ALL SYSTEM EQUIPMENTS
Once the entire concept of the IOC-MAPCS is fully understood and
‘accepted, the next problem comes in the specification of just which

types of equipments.are to be utilized. . Since so much ... excellent
equipment and hardware exists for performing the job, _rather than

210



specify any particular set, we feel it is far superior to keep the exact
specifications entirely flexible so that the over-all final equipment in-
ventory will represent a composite of the best features from many
excellent computers and pieces of auxiliary equipment. The best method
of selection will be to investigate some of the most widely known in each
of the several equipment areas under consideration and then to select the
one which is best suited for the particular job it is intended to perform
in the NASA system. Some of the major areas under consideration for
study are:

The data processing and computer elements.

The data storage elements.

The communications links, and input/output devices.
The display generators.

The hard copy output devices.

4B.13.1 Data Processing and Computer Elements

The first of the categories shown above is, of course, the largest and

by far the most important since it is the nucleus of the entire system.

In this category would be included the whole line of standard auxiliary
data processing equipment (such as keypunch and key-verifying machines,
card sorters, collators, interpreters, reproducers, printers, etc.),
which goes to make up the normal electronic accounting machine system.
. This equipment would normally be required whether a fully automatic

or only a semi-automatic system were to be installed, since even under
a semi-automatic non~-computer system punched cards would be the
media for carrying data.

As for the other half of the first category, the computer elements, it is
only necessary to say that the current complement of large scale computers
contained in the NASA inventory is far more than adequate in capability

to handle the NASA management and control problems.

The problem, if any arises, will not be one of capabilities, but rather of
capacities. In order to see if capacity is a problem, we propose to
investigate the machine schedules to determine:

which computer shifts (if any) have available computer time.

if rescheduling or combining of certain programs, now operating,
is feasible.

. how,critical are management's req_uxrements concermng date and
. time, of, report receipt.:. : , -.

if time is not available on existing equipment, to investigate the
-, possibility of .leasing equipment,. either from other government,al
; .1nstallat1ons, from prlva.te mduqtry, or from a.-service bureau
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if NASA program management programs can be phased into the
operation of the computers as other sc1ent1f1c programs may be
phasing out.

if varying amounts of technical and financial reports with their
peaks and valleys of workloads will cause undue hardship on
current computer operations.

Once these points have been thoroughly investigated it will then be
necessary to fit all the pieces into one homogenous pattern of computer
operation and to coordinate this function between the three sub-reservoirs,
the central reservoir, and NASA headquarters.

4B.13.2 Data Storage Elements

Since a tremendous amount of historical data as well as current and
future data will be required for the NASA Initial Operational Capability—
Management and Program Control System, important consideration must
be given to just which.types .and numbers of data storage elements will be
used. {

In general,data storage components for automated systems usually fall
into five classifications:

- Punched Cards
Magnetic Tapes
Magnetic Disc Files
Magnetic Drums
. Electromagnetic Core Storage

Of these five, punch cards are universally known and therefore will be
bypassed in our discussion, other than to say that whatever system is
developed, the punched cards utilized should be IBM compatible to fit
all of the data processing equipments already existing in the NASA
inventory. Also, punched cards give unlimited amount of data storage,
but have the slowest access time of any of the five groups listed.

Magnetic tapes constitute the next level of data storage. As for capacity,
tapes are unlimited in the sense that one can put as many consecutive
tapes into a system as he desires. However, where one standard IBM
2400-foot tape must remain in the system at all times, it has a capacity
of about six million characters per reel and an average access time of
two hundred seconds per record sought. Both tape capacity and access
time can be greatly improved by using the Burroughs Tape File System
consisting of a series of shorter tapes. Here the total capacity is

.approximately fifty million characters with an average access time of
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fifteen seconds,

Magnetic Disc Files represent the middle range both from a speed and a
capacity standpoint, They are usually referred to as ''random access
storage'', thus the name RAMAC given them by IBM. The IBM RAMAC



has a capacity of ten million characters per unit and an average access
of one half second per record. Other disc file systems are the RCA
disc file with a capacity of two and one half million characters and an
average access time of 2.2 seconds, the Bryant disc file with a capacity
of twenty-five million characters and an access time of only 0. 07 second
per record, and the LFE single disc file with a small capacity of only
150 thousand characters, but an extremely fast access of only 0. 007
second per record. Thus, it can be seen that disc files offer a wide
range of capacities,. all with relatively-fast-to-extremely-fast average
access times.

The fourth classification, magnetic drums, offers low character capacity
at a relatively low cost and a most favorable speed factor. Two of this
type of data storage devices are the Bryant drum having a capacity of only
ten thousand characters but a highly favorable access time of only 0. 017
second per record, and the LFE drum file system with a much larger
capacity of two and one-half million characters and a reasonable average
access time of 0.15 second per record.

The last classification, electromagnetic core storage, gives by far the
greatest amount of character storage at intermediate speeds, but it is also
the most expensive. Lookmg at just two companies dealing in this product,
we find Aeronutronics, with a storage system capacity of ninety million
characters at an average access speed of one-half second per record
sought, and Telex, with two slightly different systems: the lower-cost
system has a capacity of twenty-five million characters with an average
access time of 0.15 second and the higher-cost system has a capacity of
eighty-five million characters with an average access time of 0.12 second.

From the discussion above we see that data storage capacity {(excepting
punch cards and multi-reel magnetic tape) ranges all the way from 150
thousand characters up to ninety million characters, and average access
times range from 0. 007 second to 200 seconds per record sought. On
this basis, it appears that practically any capacity and speed desired can
be obtained from the data storage units.

In order to best evaluate which type of data storage units would be best
suited to the NASA management system, it will be necessary to investigate
these factors:

data volumes, both from a total over-all volume standpoint and
by rate of data flow.

frequency of the reporting cycle and possibilities of dual requirements.
accesibility of the data in the data storage units, both from a pure
availability viewpoint and by time required to extract a specified

record.

capacity of each data storage unit, either singly or if possible in
parallel with multiple units.

costs, both. in total and on a per-record basis.
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4B.le.3 Communication Links and Inputs/Output Devices

- We have already enumerated an extensive listing of the various types of

communication links and input/output devices available on the market
today, together with a brief explanation of the capabilities of each. The
only problem which remains is to select the proper set or sets of equip-
ment suitable to handle the NASA management control system. However,
before any selection can be determined, the following elements (and
possibly more) must be given due consideration:

The types and volumes of inputs and outputs required for the
NASA management system, especially the outputs which may
take any of several forms—tabulated listings, magnetic tapes to
be converted to punched cards or to report forms, f11m slides

or other hard copy, TV pictures, etc.

The compatibility of any proposed input/output device with
existing equipments.already in the NASA inventory, or if incom-
patible the cost and time involved in modification to effect ‘
compatibility.

Capacities of the selected devices to handle the workload both
in total and in the kind required for NASA, and at such a rate
as not to impede the system capabilities of the other equipment.

Ability to expand or contract in a modular fashion consistent
with increases or decreases in the over-all NASA problem.

Reliability of this equipment to function properly, and avail-
ability of immediate servicing.

The equipment must be of sufficient flexibility to-handle not

only current NASA requirements, but also must have the capability
of adapting to new situations as the definition of scope within the
problem changes.

The cost of this equipment,- whether purchased outright or leased,
both for the total application on which used and on a per-record
basis.

4B.1lé.4 Display Generators

A complete and detailed explanation of the display generation equipment,
whether semi-automated or fully automatic, and all the related steps
involved in the complete cycle (input development, photographic proc-
essing, etc.), has already been outlined in Section III of this report.

- However, before deciding just which equipments will be finally selected,

it will be necessary to investigate the various types of display generator
equipment and to evaluate them in the light of these considerations:



Which types of displays will be required (i.e., straight large-
screen projection, closed-circuit TV pictures, displays before
large groups in auditoriums, before small groups in conference
rooms, etc.)?

Will direct communication with the computers by NASA manage-
ment be required? Will it be necessary that a corresponding
display be flashed on a screen, cathode ray tube, or some other
display device?

If immediate display is desired, must the requestor be present
at the computer site, or may he initiate the request from some
remote location? If so, just how remote, and how fast a response
is required?

Which physical characteristics must the display have {i. e., what

are the maximum dimensions required; how large must the character
representation be; will color be necessary, and if so, how many

and which colors must they be; to what distances must the display

be visible; to which private offices must the image be projected,
etc.)?

“What speed of transmission will be required, between computer
and display, between the requestor and display, between the
central reservoir and subreservoirs, or will direct display
capabilities between reservoirs be a requirement?

What obsolescence, if any, must be considered in selecting the
specific types of display generation equipment required by NASA?

What special structural, electrical and location restraints are
already in effect or will later affect specific equipments?

Can inputs from external sources be introduced directly into

the computer system to give rise to some type of display, or if
not, what type of conversion routine will be required to change it
into an acceptable form, cards, paper tape, magnetic tape, etc.?

How permanent must the display image be? Will hard copies of
it be required? -

How rapidly must the display be capable of changing or altering
its configuration? How many unique and distinct displays can be
processed within a given unit of time?

Will the computer have the capability to give answers, based on

information shown on the displays, and if so, how extensive will
this information be?
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4B.13.5 Hard Copy Output Devices

P :
Details of the various types of hard copy devices are also contained in
.Section 3B, dealing with Control Center facilities. However, the types

- of considerations necessary in investigating hard copy output devices
differ from those needed in evaluating display generators, since a some-
what different output product is obtained. Some of the main items which
must be studied for these devices are:

Exactly which types of hard copy outputs are required (cards,
tabulated listings, special forms, full page size photographs, etc.)?

Having determined which type is needed, how many copies will
be required? If only a small number, will carbon copies be
adequate or must multilith or ditto masters be created?

If output is taken from a printer, will straight tab paper suffice
or will special preprinted continuous forms be required?

Must the printer be connected directly to the computer on an on-
line basis, or can a tape-to-printer off-line operation be used?

How many different hard copy devices will be connected to one
system at one reservoir? Must a remote reservoir have the
capability of sending commands to other reservoirs and then
receiving the results on its own hard copy devices?

How fast must the printers or typewriter be able to print?
What are the maximum and minimum size requirements of the
hard copy used on each?

If a printer or typewriter is used on-line, must it be used for
all normal outputs or may it be reserved to accept only danger
flags or exception reports?

4B.1f PROGRAMMING

If the NASA Management and Program Control System is to be fully
automated, the computer programming and analysis will be one of the
most vital links in the entire system chain, since computer time is
closely proportional to the proficiency utilized in writing the programs.

. Whatever system and standard of programming is developed, it must be
built on a sound base representing the combined efforts of all NASA field
centers coordinated with direction from headquarters. The over-all
effort should consist of two main functions:

Generation of appropriate programs covering all of the informa-
tion processing requirements of the IOC-MAPCS.

Generation of standardized specifications for all programs.
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4B.1f.1 Generation of Appropriate Programs for the JIOC-MAPCS

The first fu.nctmn will consist of all the coordination, problem definition,
charting, codmgg systems analysis, etc., which go into the makeup of
the programming package. :

One of the most important steps will be the selection of a coordinated
programmmg group, representing the best programming personnel
from the various 7090 installations at each of the field centers. One
among these should be chosen to represent NASA Headquarters. He’
should be actually transferred to NASAHeadquarters, to have direct
and close contact with top management desires and requirements. - He
would also head this programming group and coordinate all systems
study and programming effort, and would act as a focal point for the
interchange of ideas between various members. :

Working together, the group should then define the over-all scope of
the programming effort, and should give specific systems study and
analysis assignments to each member.

Each member should then obtain problem definition, including input
availability, output requirements, schedules, etc., for his specific
problem or problems.

The group then should reconvene and, based upon the findings of each
member, outline the entire programming effort, which should include:

Enumeration of all programs.

Selection of a common programming language to be used for: all
programs, such as COBOL, SURGE, 9PAC, etc.

Selection of initial sample programs to be used in determining
over-all programming effort and computer running time.

Development of an order of precedence of programs, placing
the most critical ones first and so on down to the least important.

- Development of a Programming Schedule, for block diagramming,

coding, checkout, parallel running, and final installation for each
program.

All system study and programming efforts by the programming group
should be coordinated with the findings of the final design group so that
the programs derived represented solutions to requirements of NASA.
To assist in this coordination effort, Ramo-Wooldridge would act as
program consultants, assisting in problem definition, flow charting,
block diagramming, etc., working together with the design group and
programming group.

4B. 1f. 2 Generation of Standardized Specifications for all Programs
The second function is closely akin to the first, and will actually be

performed at the same time. However, here we.refer more to the
- discipline of standardization of all NASA maua,gememt and control systems.
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The method employed in carrying out this discipline will be similar to
that defined under the previous section, with the programming and design
groups being held responsible for its execution, augmented by assistance
from the various NASA project and program groups requesting program-
ming service. Actual delineation of the standardized specifications,
systems, and procedures will probably be executed by other than the
programming group.

Listed below are the various elements which.must be given consideration
for this particular area:

- Standardization of Report, so that the same formats are being
used at all field centers and at headquarters.

Standardization of Terminology, so that elements defined in.a

program written at one field center have the identical meaning

if used in a program from another field center. Development

of a library of frequently used subroutines, for logical processes
" occurring over and over in several programs.

" Institution of a programming bulletin system, so that special
techniques developed by one programmer or programming group
may rapidly become common knowledge to-all groups.

Standardization of request formats, so that all prospective
customers for programming may more clearly define their
problems in computer -oriented expressions. . This includes
writing of a standard procedure manual which will define all

- methods, systems, and procedures to be followed in making
a request for computer service.

Once these various standards have been set up and a strsmg programming
team has been selected, NASA can then have full confidence in the com-
pletion of a strong Management and Program Control System.

4B. 2 Installation and Checkout

Broadly speaking, implementation of the IOC-MAPCS may be considered
as analogous to development and production of a piece of hardware. . That
is, the same series of phases must be followed: design (preliminary and
final), fabrication, test, final adjustment, and delivery. The equivalent

steps in implementing the IOC-MAPCS are:

- Preliminary design (represented by preceding sections of this
report.) A

. Final design (the procedures recommended in this section).
Initial installation.
Checkout.

- Revisions and full scale operation.
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all necessary procedures will almost certainly doom the system to
failure. The instructions should include:

An explanation and justification of the use of the system.
An operational description of the coding structure and reporting system.
An explanation of the network chart structure.
- Detailed reporting procedures, with sample forms.
An explanation of the reporting discipline.

In addition to this basic document, provision should also be made in the
detailed instructions for transmittal of particularized information to each
contractor. This information should include the set of reporting forms,
the network chart for the particular task, the particular reporting cycle
established for the task, and the organizational responsibilities associated
with the task.

The initial version of the contractor information package, together with
complete specifications for use, should come from the installation team.
The team, and later the responsible Headquarters operational directors
of the system, must also take steps to insure that the package is properly
used, and should control all revisions.

4B.2c ESTABLISH THE TYPES AND NUMBERS OF MANPOWER REQUIRED
THROUGHOUT THE ORGANIZATION FOR INITIAL IMPLEMENTATION

A firm estimate of the types and numbers of manpower required to make
the IOC-MAPCS function throughout the organization should be developed
at the earliest possible date in order to accomplish necessary adjustments
to budgets and manpower allocations. Estimates will be derived during
the final design phase, but it then will become the responsibility of the
installation team, the Advisory Committee, and NASA top management

to finalize these estimates and initiate action toward acquiring the nec-
essary manpower.

4B.2d PROVIDE FOR INITIAL TRAINING OF PROGRAMMERS FOR ALL
INSTALLATIONS

If the same data processing equipment is used for all data reservoirs
in the IOC-MAPCS, programming can be done centrally by the 10C-
MAPCS installation team. Even if this is done, however, it will be
essential to have at.each data reservoir programmers who are familiar
with the system and with the programs written for it who will be able to:

Supervise file construction and data preparation.

Troubleshoot program bugs.

Perform any necessary program maintenance operations.
Assist in program improvement and development.

Maintain communications with installation team programmers.

The number of such programmers at each installation may not be stated
at this time. The preliminary study indicates that at least two and
probably three or four programmers from each installation should be



trained in using and maintaining the system, but in all likelihood the
actual work required will consume less than full time for one person
after the system is installed and checked out. The purpose of training
more than one person is to provide backup in case of termination, trans-
fer, or unavailability.

4B. 2e PROVIDE DIRECTION AND ASSISTANCE IN ESTABLISHING
ALL MACHINE FILES AND PROGRAMS

In addition to training programmers for each installation the JOC-MAPCS
installation team should take a direct hand in the establishment of machine
files and programs at each reservoir location, both as a training device
and to help insure satisfactory installation. Detailed procedures cover-
ing these activities should be written and then tested by the installation
team during actual operations to insure completeness and clarity.
Detailed documentation of all computer programs should also be prepared
by the installation team and reviewed with programmers who will be
involved in system maintenance.

The importance of adequate system and program documentation cannot be
overstressed. Too frequently in the history of computing and data proc-
essing have brilliant programs proved useless in the long run because

the documentation of their construction and use failed to cover essential
points. This is particularly true in cases where, as with the J0C-MAPCS,
several installations will be using the same set of computer programs
‘over a long period of time.

4B. 2f PROVIDE DIRECTION FOR ESTABLISHING AND CHECKING OUT
ALL COMMUNICATION LINKS :

All forms of communications employed by the JIOC-MAPCS information
system should be pre-tested by the installation team. This statement
applies. not only to electrical and electronic devices employed, but to
mail communications as well. The installation team should sample

mail transmittal times from various parts of the country to the field
centers at which reservoirs will be established, and should also sample
the condition in which pre-punched cards (if these are used in the system)
are received. Internal mail systems should be similarly sampled, if
data on their operation is not available.

The installation team will also be responsible for preparation of detailed
procedures covering use of other forms of communications (f_e_o__g_?; TWX,
data links, etc) and for training or indoctrination of communications
personnel.

4B.2g EMPLOY COMPUTER SIMULATION TECHNIQUES TO PROVE
OUT DESIGN FEATURES PRIOR TO MAKING MAJOR EXPENDI -
TURE COMMITMENTS

The installation team shares with the design team the responsibility for
proving the operational feasibility of all system design features. In
those cases where the design team has undertaken studies to provide this
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proof, the installation teamn retains the option of accepting the study
results or devising and conducting its own testing procedures. The
final responsibility for any procedure rests with the installation team.
It is strongly suggested that where necessary and feasible the installa-
tion team employ computer simulation techniques to prove out design
features. Such techniques have been demonstrated, in missile and

rocket work in particular, to be both accurate and economical.

4B.3 Specify and Provide for System Audit and Review

It will be a function of the systems group, or whoever is chosen to
implement and monitor the control system, to continually evaluate the
system for at least the first year to insure its reliability. 'Since this
system incorporates a new concept from the existing PMP system in
effect at NASA it will take considerable time to re-educate the users
and to establish complete acceptance by all levels of management. A
team should be created whose job it would be to de-bug the system as
problemis arise and to make corrections and improvements on a con-
tinuing basis. ‘

After the system has been installed for one year, and again after the
second year, NASA should closely examine the possibility of making
advanced modifications to take advantage of state-of-the-art techniques
which will have been developed during this time.

4B .4 Develop a Management Training Course

In order to provide for full understanding and exploitation of the NASA
Management and Program Control System, the installation team should
undertake to develop and organize a management training course for
both in-house and contractor personnel. Development of this program
will involve the creation of appropriate literature, organization of a
curriculum, instructor training, and establishment of realistic schedules.
The course need not be long in duration; probably one or two full days
and certainly less than a week should be adequate. If organized on this
basis, it may well be that the '"course' could be a traveling school,
bringing the instructors to the '"students'' at the various field centers
and at important contractor installations. This approach could repre-
sent significant savings in cost and time. ' ‘

This training course should be repeated periodically at each installation,
and the materials and presentation techniques employed should be sub-
jected to continuous review. Properly exploited, the training course
based on the IOC-MAPCS could develop into a vigorous and profitable
broad management training program for the entire NASA organization.



4C. PLAN FOR DEVELOPMENT AND INSTALLATION OF NASA
DECISION GAMING SYSTEM

4C.1 Time-Phased Approach

One way to develop and implement the Decision Gaming System would

be to prepare a detailed comprehensive plan and then to proceed imple-
menting this plan. If the NASA program were not dynamic and rapidly
changing, and if time and money were not a primary consideration, such
an approach might be best. However, considering limitations on funds
and manpower and the rapidly changing character and magnitude of the
NASA programs, the time-phased approach is believed to be more suit-
able and more economical.

The proposed plan consists of three different phases. Here we will de-
velop in detail only the first phase, since the program is so phased that
each phase of the program generates detailed plarning for the next.

4C.la PHASE 1 - DEMONSTRATION GAME

The most important and urgent task to be accomplished is to clarify the
gaming concept, to spell out in more detail how the gaming is to be per-
formed, and to reach agreement by the people whe will play the game,

to assure that this Game will indeed satisfy their needs. For this reason,
the first objective is the design and testing of a preliminary Demonstra-
tion Game which will include (from the point of view of concepts) all the
important aspects of the NASA Decision Game, but will be simplified to
the point that it can be played at NASA headquarters within a time period
of six months.

4C.1b PHASE 2 - OPERATIONAL DECISION GAMING SYSTEM FOR
A MAJOR NASA PROGRAM

The Demonstration Game will give adequate infurmation, both from the
conceptual and the practical point of view, so that it will be possible to
design and implement an operational gaming system. However, again

in order to be more efficient, we propose to develop the Decision Gaming
System for a Major NASA program such as the Saturrn program, before
designing the comprehensive gaming technigue for all of NABA. Thig
phasing of the program will allow the gaming systern te be developed to

a completely practical and operational level, but still will avoid the risks
of trying to design a comprehensive Game for all of NASA with data in-
sufficient to cover all eventualities. This second phase of the program
will be started prior to the completion of the first phase, since during
the course of the first phase some aspects of the second phase will be-
come apparent. By telescoping the various phases of the program. it
will be possible to save both time and money. Depending on the effort
expended, the second phase of the program should be completed not

later than one year after the completion of the first phase.
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4C.1lc PHASE 3 - DEVELOPMENT AND INSTALLATION OF TEE
NASA DECISION GAME

The first two phases of the program will give adequate information for
the third phase of the program, the development of the comprehensive
gaming system for NASA. Phase 3 of the program will be carried out
primarily by NASA personnel. We visualize that the Decision Gaming
technique described in this report will become an integral part of NASA
operation and consequently the system will never stay static but will be
adapted to the changing needs of NASA. This requirement makes it
mandatory that NASA personnel should be able to modify, up-date, and
improve the Decision Gaming System without using outside assistance.
A detailed program to assure NASA of this In-house capability will have
to be prepared and carried out during the second phase of the program
so that NASA personnel will be prepared to carry out this third phase
of the program.

4C. 2 Steps in Developing and Installing the Decision Gaming System

We can visualize at least twelve steps in carrying out the development
and installation of a Decision Gaming System. Each of the three phases
of our program will include these twelve steps though the effort expended
and the requirements in each of these steps will be different depending
on whether we are developing the Demonstration Game, the Major NASA
Program Game, or the NASA Game.

4C.2a. STEP 1 - CONCEPTUAL FRAMEWORK OF THE GAMING
SYSTEM

During the first phase, development of the Demonstration Game, emphasis
will be on simplicity and on the requirement of meeting the short time
scale of Phase 1. Details that might be of great importance from the
practical point of view will be omitted for the Demonstration Game. In
fact, the primary objective here will be to have a Game that has some
bearing on reality and which does not lead to obviously erroneously
answers. However, no emphasis will be put on accuracy or realism.

In the case of the second and third phase, it will be of the greatest
importance that the preliminary formulation of the problem includes all
necessary facets of the problem, in a realistic fashion.

4C.2b STEP 2 - CHECKING OUT CONCEPTS

In the case of the Demonstation Game, it will be necessary to check the
concepts with headquarters personnel. As the Demonstration Game will
be primarily from the point of view of headquarters it will not be neces-
sary to get agreement on all levels of management. However, even in
the case of the Demonstration Game it will be necessary to have some
discussions, at least with representatives of the field laboratories.



In the case of the operational Games of the second and third phase, it

will be necessary to check out the concepts with various levels of manage-
ment and to assure that all concepts developed are correct and accept-
able to NASA management.

4C.2c STEP 3 - DEVELOPMENT OF MATHEMATICAL MODELS

In the case of:the Demonstration Game the mathematical models will be
simple, so that computations can be carried out rapidly and with a
minimum of programming.

On the other hand, for Phase 2 and 3 we expect a certain level of
sophistication in the mathematical models. Whereas in the Demonstra-
tion Game we will ignore confidence limits and probabilities, in the final
Game we will have to consider these more complex aspects of the problem.
In fact, one would hope that as years go by NASA will develop a mathe-
matical theory of how to operate a large Federal program of the NASA

type.
4C. 2d STEP 4 - FLOW CHART

After the mathematical model is completed, it will be necessary to
develop a complete information flow chart for the Decision Gaming
System. This will not be much of a job for the Demonstration Game,
‘but for the second and third phase will involve a considerable level of
effort. It is to be recognized that there will be a great deal of manual
input to the system, and also much manual data processing. For this
reason, the flow charting of realistic Games will necessitate a detailed
study of the manual information system involved and the flow charting
of the complete system.

4C.2e STEP 5- SELECTION OF EQUIPMENT

For the Demonstration Game, this will not be much of a problem.
Equipment available at NASA will be used, as will manual input and
output systems. Displays will be prepared manually as there will not
be time to wait for special equipment.

For the operational Games of Phase 2 and 3, the proper selection of
equipment will be of great importance. If the equipment is not properly
matched with the needs of the executives playing the Gaming System,

the whole program may become ineffectual. In this stage of the program
it might become apparent that certain new types of equipment are required
for the NASA Game, or more likely that some existing equipment is to

be modified. '

4C.2{ STEP 6 - COMPUTER PROGRAMMING
The Demonstration Game will be simple and the programming effort will

be relatively small. Even for Phase 2 and 3 we do not visualize any
particular difficulty. However, an important aspect of the programming

225



effort will be inclusion of the realization that as time goes on the Gaming
System will have to be up-dated and modified. For this reason, the prog-
ramming systern must be such that updating and modification can be -
carried out at the lowest possible cost. As we have already said, we do

not visualize any of these Gaming Systems as static, therefore the computer
program must be such that it will not be necessary to reprogram the whole
system each time an up-dating occurs.

4C.2g STEP 7 - SHAKEDOWN OF PROGRAMMING AND FLOW CHARTING

Before we present the Game for actual play by executives, it must be
verified to ensure that everything is in order. This means that some

" preliminary gaming will have to be done by the designers of the Game.
It is of great importance that a Game is not presented to executives in
such a form that technical difficulties arise. Such a situation may lead
to a general lack of confidence in the whole concept, without the realiza-
tion that only minor matters have to be straightened out.’

4C.2h STEP 8 - PLAYING THE GAME

In the case of the Demonstration Model, this should be primarily done

to determine the requirements of executives. For Phase 2 and 3 the
playing will furnish the final test to determine that everything is in order
and meets requirements.

4C.2i STEP 9 - EVALUATION OF GAMING TECHNIQUE

As playing of the Game proceeds, an evaluation function must be carried
out so that necessary changes in the Gaming technique can be made.
Many unforeseen conditions always arise in the course of such Decision
Games. These can be realized and analyzed during the playing of the
Game.

4C.2j STEP 10 - ESTABLISHMENT OF FINAL GAME

After playing each of the Games, by evaluating the system, it will be
possible to-specify the desired modifications and proceed to the design
of the final Decision Game. During this step the Gaming System will
be developed in all its details and will be documented so that it can
become a part of I\\IASA operations.

4C. 2k STEP 11 - MANUAL INFORMATION PROCESSING SYSTEM

As we have said before, not all aspects of the Gaming technique can be
mechanized. The primary consideration here is cost and time. Only
those phases of the Gaming System which can be performed better by
-computers and displays are to be assigned to equipment.
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.4C.21 STEP 12 - IMPLEMENTATION

In the case of the Demonstration Game this step will of course be omitted.
In the case of Phase 2 and 3, this step will involve a great deal of practical
and competent systems and procedures work.

An important aspect of the implementation phase of the prograrh will be
the elimination of difficult mathematical and computational concepts so
that the system can become an integral part of the daily operations of
NASA.

We believe that the operational concepts of the Decision Gaming System,
after they are completely developed, will be sufficiently simple to be
described by conventional types of manuals. We expect that it will take
much patience to translate the more complex aspects of the Gaming
technique into simple terms, but we believe that this can be done, and
must be done, in order to make the Decision Gaming System an every-
day tool of NASA management

4C.3 Establishment of Inhouse Capability for NASA Management for Use
in the Decision Gaming System

The Decision Gaming System described in this report represents a new
management and planning control tool. It is well known that new manage-
ment concepts—even if basically sound—can fail if there is a lack of
appreciation on the part of the organization which is supposed to use

the new tool. The assimilation of new management tools into large
organizations presents a particularly difficult problem, and unless
special measures are taken unnecessary delays may occur. It may

even happen that the concept is refused.

One way to assure that appreciation and assimilation of the new manage-
ment tool occurs is by careful education and training of personnel involved.
It is possible to conduct courses, seminars, and workshops to aid in the
transmission of new concepts. However, it has been common experience
that reliance on such special educational tools often fails to bring about

the desired results. We believe that the only way to prepare the NASA
organization for the acceptance and operation of this new management

tool is through active participation on the part of NASA personnel in the
preparation, design and installation of the NASA Decision Gaming System.

For this reason the time-phased approach is designed in such a manner
that there will be an increasing participation on the part of NASA, and
in fact the third and final phase of the program should be carried out
by NASA personnel.

Our proposed approach, then, to the development of inhouse capability
is to begin with informal workshops to bring more and more people
aboard on the work o be performed, to rely more and more on NASA
personnel, and to phase outside assistance out of the program.
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During the execution of such a complex program it might be necessary,

as already mentioned, to have special educational and training courses.
When a genuine need for such assistance arises, we believe that special
educational and training methods should be made available to NASA
personnel. For instance, in the case of mathematical model building

and programming techniques, and also in the use of new and complex
computing machines and equipment, more formal educational and train-
ing methods may be employed. We do not foresee any particular difficulty
for NASA in obtaining this kind of assistance.



APPENDIX A
HISTORICAL REVIEW OF RAMO-WOOLDRIDGE
‘ STUDY PROGRAM ‘

-1, GENERAL

The Air Force Ballistic Missile Division attributes the rapid and
efficient development of their Intercontinental Ballistic Missile capa-
bility to their use of a. management control system employed as a
dynamic decision making tool, Likewise, the Special Projects Office

" of the Navy Department attributes its accomplishment of producing the
Polaris Weapon System with an approximately iwo-year saving oi time
from original plans to the use of a management control system which
they refer to as the PERT (Program Evaluation Research Technique)
system. Ramo-Wooldridge recognized that the National Aeronautics
and Space Administration would be confronted with similar problems

. in carrying out their extensive space exploration program, It was

~ reasonable to assume that this relatively new type of application should
be of significant interest and value in the management and control of the
numerous and extensive NASA programs and projects,

- The need for this type of management tool for NASA was recognized by
the Associate Administrator, Mr. Richard Horner, in an early discus-
sion with Ramo-Wooldridge (July 8, 1959), This initial discussion was
followed by a number of meetings with his designated assistant, Mr.
Robert King, in which the general philosophy and concepts of manage-
ment control systems were discussed with respect to the NASA opera-
tion, After a number of subsequent additional exchanges of information,
during which time Ramo-Wooldridge submitted tentative program plans
for the study and development of a management system tailored to NASA
."needs, a work statement was finally established, and a contract formal-
ized in February 1960,

As a further step to employ new management techniques, NASA estab-
lished an Office of Program Management under Mr. Robert King. In
addition to administering the Ramo-Wooldridge contract, this office
set about developing and implementing an interim management and
program control system _refe.rred to as the Program Management
Planning (PMP) System, It was intended to have this interim system
operating during the Ramo-Wooldridge study program, and until an
advanced or improved system could be developed and installed, The
basic interim system design was a direct copy, even to the use cf
identical forms, from the Navy PERT System., Hocwever, the NASA
application used only parts of the Navy PERT System, and did not
attempt to apply in extent or in detail the full implication of the PERT
System, NASA did not want to design a system bui rather adopt parts
of a working system which could be adapted to their individual needs,
The original NACA organization, which formaed the basic unit for NASA,
did not have any project management system, Reporting at that time
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was on research pro;ects and was B.arge]ly in a documentary and histori-
cal form. The mission of the previous NACA organization did not require
the extent of management control implied by the migsion of the new NASA
organization,

The initial contracted effort provided for funding coverage of approxi-
mately two men. This appeared to be a sufficient level of effort to
study the general problem and to arrive at recommendations for a sys-
tem concept and for an estimated level of effort necessary for design
and implementation. Approximately three months after the start of

- this program, NASA was confronted with a decision concerning the
establishment of a control center in their new quarters in the Federal
Office Building No, 6 currently under construction, Oceupation of these
new quarters was planned for the middle of 1961. In order to provide
proper space and facilities for a management system control center,
certain decisions regarding the Management System design had to be
determined within the following few months. Accordingly, it was neces-
sary to expand the scope of the Ramo-Wooldridge contract to provide
the additional study effort to support earlier development of a control
center design. Since the control center is integrally related to the .
supporting management information system, it was aleo necessary to
expand the system study so that the control center design recommenda-
tions would be compatible with the proposed advanced management
system,

The expanded scope of effort provided for approximately a four man
level of effort to develop a design concept for the control center, and

a two man level of effort increase in the systems analysis, Approval
was granted to Ramo-Wooldridge on or about the beginning of July 1960,
The Ramo-Wooldridge program was increased in staff rapidly and
effectively, as was evzdenced by a rapid increase in program activity
‘and progress, :

During the whole span of the study program, the Ramo-Wooldndge

. project personnel received excellent cooperation and support from all
NASA personnel involved in administering, guiding, advising, and
otherwige contributing to the over-all effort. The general acceptance
of the need and usefulness of an Advanced Management and Program
Control System by all NASA personnel should be indicative that the
future implementation of such a systemn will be both successful and
rewarding,

2, INDOCTRINATION PERIOD TO STUDY
NASA MANAGEMENT PROBLEM

Much information related to the mission and objectives of NASA was
obtained during the carly part of the study program through numerocus
discussions and exchanges with the NASA Office of Program Manage-
ment, Further understanding was obtained from documents such as
the NASA Ten-Year Plan and various Congressional Records, Con-
gressional Records on the subjects "Review of Space Programs' and



"NASA Authorizaiion' offered extensive tesiimony reiated io the over-
all program and expenditures expected of the NASA operation. To
summarize, numerous documents were reviewed and discussions carried
out as a necessary first step in obtaining a comprehensive understanding
of both the character and purpose of the NASA organization,

3. ANALYSIS OF NASA ORGANIZATIONAL
STRUCTURE

A study of the NASA organizational struciure was somewhat hampered
by the fact that, during the early period of this study program, the
organization was in a formaiive stage. However the major functions of -
the organization, having already been established, were sufficiently
indicative and representative of the iniended NASA operation,

The NASA organization was initially studied by analyzing the function
of all management positions stariing with the Administrator, the
Associate Administrator, and the Directors, and then proceeding down
through the organization, The various lines of avthority and functional
“"responsibility was traced into the field center organizations, As men-
tioned above, some of the organizational relationships were not yet
clearly defined, and accordingly posed problems, Particular divisions
of responsibility, as reflected in the organizarional format, were con-
sidered unique and required a greater degree of careful analysis than
might be otherwise sufficient., The initial analysis indicated a greater
degree of urgency in the development and implementation of a manage-
ment control system primarily based on the fact that the rapid growth
of NASA had not permitted the insirtution of certain policies, reporting
formats and requirements, and other control measures which would be
normally expected,

At about the time the Ramo-Wooldridge study program was begun, the
Marshall Space Flight Center was being annexed to the NASA organiza-
tion., The regulations and policies governing its function as a NASA
field center operation had not yet been clearly defined, Since the
Marshall operation represents a major activity, it was necessary and
important to properly evaluate the implication of its annexation in the
over-all NASA management problem,

It is generally agreed that a management and program control system
must be designed to be responsive to the particular needs of an organi-
zation, Accordingly, it was relevanily important that Ramo-Wooldridge
prepare a detailed list of questions which would explore personal '
requirements and expressions of the various top managers of the NASA
organization., Since the requirements expressed by the various personnel
consulted proved to be non-uniform, it was necessary to establish
'"common denominators' with which an integrated system could be
developed and still be responsive to the needs of the key management
-personnel, Interviews were arranged and carried out with the Office

of the Administrator, the Office of the Associate Administrator, the
Directors of the Office of Launch Vehicle Programs, Office of Space
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Flight Programs, Office of Advanced Research Programs, Office of
Business Administration, and the Office of Technical Information and
Educational Programs. Discussions were also carried out with various
Assistant Directors under each of the above offices. The prepared

list of questions attempted to determine each individual method of opera-
tion, and what it required of or contributed to over-all management and
preogram control, These questions were planned to determine how each
individual evaluated his position with respect to other management
personnel located both vertically and laterally in the organization,
Among many other important details, these interviews also attempted
to determine reporting requirements with respect to format, volume,
timing, and frequency,

4. ANALYSIS OF THE NASA MISSIONS, PROGRAMS,
AND PROJECTS WITH REFERENCE TO
IMMEDIATE AND LONG RANGE OBJECTIVES

A'_detailed analysis was performed on most of the major NASA programs
and projects to determine how responsibilities were being assigned and

‘carried ouf within the organization. The interfaces of adminisirative

and program assignment reporting were charted to create an over-all
picture of the effective chain of command, and of the effective informa-
tion flow lines, This analysis proved extremely beneficial in getting to
the "heart" of the NASA operatlons This analysis also served as one
of the more important steps in our understanding of the type of machine-
readable data code system which could be applied to facilitate compre -
hensive, rapid machine generation of reports te all pertinent parts of
the organization for all projects, The difficulties which could arise
through the use of different methods or modes of operation at the various
field centers also became more apparent, These factors were naturally
considered in the subsequent establishment of the design criteria for

an advanced management system. The review of the long range objec-
tives of these projects helped to determine the growth factors which

any management control system would have to face before a final design
were determined,

5, EVALUATION OF OTHER MANAGEMENT CONTROL

SYSTEMS SUCH AS THE PERT AND BMD SYSTEMS
FOR POSSIBLE APPLICATION TO NASA

Both the Air Force BMD and the Navy PERT mahagement control sys-
tems were studied in detail to determine what concepts or techniques
could be adopted and incorporated as part of the NASA Advanced
Management and Program Control System, Jt was hoped that time and
effort could be saved by taking parts of these management systems .

‘which were apparently or possibly applicable to the NASA organization.

The Air Force BMD system primarily represented a formal discipline

for collecting and reporting program status and progress information

o in a.manual type.of operation,. . The review of the BMD systiem sexrved..
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A much greater coniribution was made by our study of the Navy PERT -
system, since it incorporated a greater degree of automaticn or machine
application, As was generally conceded, the PERT system presented
a most complex and detailed approach to planning and reporting with
sole emphasis on '"technical progress versus time', Cost evaluation
or cost collecfion information was not made part of the PERT reporting
'system and consequently represented a significant reason for iis
inapplicability, Various reporting formais and metheds of manual
display, although interesting and informative, did noi prove to be
desirable in or consisient with an advanced syvstem concept, One of
the basic assumptions established at the beginning of the Ramo-
Wooldridge study was that displays employed in conirol centers for
briefings of top management should be aulomdﬁ;ed to whatever extent
practical and feasible,

It should be emphasized that alithough the above two management control
systems could offer lintle in direci application of specific system designs
or equipments, the review of the considerations and problems which

both the Navy and Air Force underweni in the development of these
concepts were tremendously beneficial in formulation of our thinking

and developments, This review offered us a quick means of running
through numerous possible considerations which were previously
weighed and evaluated. ‘

The R-W review of the Navy PERT system offered another side benefit,
Various personnel assigned to the NASA Office of Program Analysis
and Control (changed from the earlier designation of Office of Program
Management) under Mr, Robert King had been previcusly associated
with the Navy Department Spedal‘ Projects Oiffice in the development
and application of the PERT system, Con sequenﬂ y, our discussions
with these personnel were greatly facilitated through mutual under-
standing of the fundamental considerations in the development and
application of a managementi control sy‘fswm to a dynamic eperation.

6 PROVIDE TECHNICAL ASSISTANCE TO NASA
’ WITH REGARD TO THEIR CURRENT PROGRAM
MANAGEMENT PLANNING (PMP) SYSTEM

During the course of this study program, the NASA Office of Program
Analysis and Contreol, under Mr, King, insitalled an initerim management
control system referred to as the PMP Sysiem. The intent here was

to provide some formal means of charting and reviewing the various
program milestones so that management atteniion could be focussed

on program slippages and delays, and on the problems created thereby.
The methods employed in planning and chariing program milestones
were borrowed from those methods created by the Navy's PERT system,
“fg-part of-this 'study program. Ramo-Wooldridge agreed to review the
"PMP system with the responsible NASA staff in an attempt to assist in
improving the usefulness of this vool, It was alsc inftended that this
assistance wouid extend to cver-al. managemenrt confrol system imple-
‘mentation analysis and plannping,
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The technical assistance offered was not extensive since it became
apparent at an early time that the PMP system could not be altered to
perform a more comprehensive service without a major effort.

Principal requirement for alteration of the PMP system centered

around the collection and reporting of program cost data closely
associated and compatible with technical progress. Accordingly, it

did not seem fruitful to spend much of the limited appropriated effort

on a management system which was only intended as an interim measure,

It is important to note that the effort spent on the PMP system did serve
in determining what types of information are most useful to NASA man-
a.gement and specifically which appear to be most helpful in program
review meetings, The institution of the PMP system was invaluable in
determining the psychological reactions and attitudes of various organi-
zational elements toward the implementation of controls where control
had never been previously exercised. It also proved to be a ''condition-
ing' exercise to develop eventual acceptance, by various personnel and
groups, of management controls, .

The implementation of the PMP reporting system appeared to be
extremely beneficial to NASA from the beginning, Schedule improve-
ments were obtainable through the practice of presenting the responsible
officers with needed vital information. The PMP system also served

to establish what was necessary for reporting cycles for one type of
program as opposed to other types of programs, For research and
development projects, where a definite area of uncertainty would always
exist with regard to accomplishment of given milestones in the.project,
the PMP system of reporting bi-weekly appeared to be sufficient and
adequate., However, where other purely development type projects were
involved, the report cycle appeared to be adequate on a monthly basis,
Regardless of the specific case, it was obvious that the PMP system
could serve to grade all types of activities and programs currently in
the NASA plan with regard to required and necessary frequency of
reporting.

The PMP charts created for the Mercury program, the Tiros programs,
the Atlas-Agena program and others also served as invaluable informa-
tion to the Ramo-Wooldridge study group in obtaining a comprehensive
understanding of the breakdown of these large programs, In later
activities involving the development of advanced management and program
control system criteria, the appreciation of the complexities of these
large systems were most helpful in the rapid formulation of design
criteria which might otherwise have been omitted.

- 7. PROGRAM OF VISITATIONS AND CONFERENCES

Ab

WITH NASA FIELD CENTERS

In conjunction with a schedule of interviews with various NASA Head-
quarters management personnel, a program of interviews with the
various field flight centers was planned and carried out, Visits were
made to the (contractor) Jet Propulsion Laboratory, Langley Research



Center, Goddard Space Flight Center, and to the George C. Marshall
Space Flight Center, Conferences with the field centers concerned
their working relationship to NASA Headquariers in addition to their
‘internal operations, Problems of reporting on both the technical
progress and the financial progress of their respective programs were
explored in detail. Methods of cost collection and general fiscal policy
for each field center were reviewed., This was particularly necessary
since each field center operates its own independent financial activity,
and reports only broad financial information to the Division of Financial
Management at NASA Headquariters, It is the responsibility of the .
~Financial Manager at the field centers to submit to Headquarters the
Financial Operating Plan, a schedule which ontlines the anticipated
utilization of funds for NASA programs within fiscal year budgetary
limitations. The breakdown of these appropriations by project and by
type of expense must be prepared so that they can be properly compiled
and collated with similar information from other centers.

The methods employed by each center for planning, programming, and
scheduling for over-all activities have been reviewed with regard to
applicability to an advanced management systef‘nu It was also necessary
to determine the types of data processing equipments currently available
at the various flight centers, The review of how these equipments are
currently being used and what their pctential availability could be as
part of an over-all integrated management information system was
explored, It is important to note, at this point, that the current inven-
tory of data processing equipments in the NASA organization offers a
strong possibility at this time for serving an Advanced Management

and Program Control System without any additions of large capital
' equipments,

Visitations to the various field centers also proved useful in coordinating
and disseminating information regarding the Ramo-Wooldridge study,
Considerable interest was expressed by all centers jn their being able

. to participate at an early time in the formulation of policies and prin-
ciples regarding their part or ac‘rlvv’ty in the proposed Advanced
Management System,

8. DEVELOP DESIGN CRITERIJA

During the latter half of this study, the Ramo-Wocoldridge team devoted
intensive effort to the development of design criteria. Project study
notes were reviewed in detail. It was during this period that the Ramo-
Wooldridge project management system began to emerge. It was
determined that more specific attention needed to be given to the
requirements of project managers for cortrcl information, As an
initial contribution to the esiablishment of a project management con-
cept three basic charts were developed: (1} 4 composite derail organi-
zation chart of the entire NASA organizaticn; (2} a mission/project
chart showing again:in.great detail the interrelaticnships between all
NASA missions and projects currently under or projected for the PMP
system, and (3) a flow chart of the PMP systemm. These charts proved
extremely helpful in pointing up design criteria,
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The NASA contract structure for research and development programs
also came under intensive scrutiny at this time. Details of NASA con-
tracts in effect for the fiscal years 1959 and 1960 were recorded on
punched cards and analyzed at the Ramo-Wooldridge data processing
facility, This study revealed a basic pattern in the NASA contract
structure which proved of great importance in giving direction to the
development of design criteria., The detailed analysis made possible
through the use of punched card equipment also provided valuable facts
for the information system designers,

With this detailed information concerning the NASA contract structure,
it was possible to conduct a further correlative analysis of the PMP
system which contributed even more to the development of the system
design criteria, In particular, the nature and use of PMP milestones
suggested the Task and Goal Concept for the Initial Operational Capa-
bility, Management and Program Control System (IOC-MAPCS).
Following, it was necessary to work out details of the nature and con-
tent of the reporting system, the criteria for an information processing
system, and to evaluate the over-all effectiveness of the Task and Goal
Concept, For these purposes, a hypothetical NASA project was estab-
lished, Project MIM, in which many of the design criteria were tested
and refined, Project MIM, set up as a mission to impact an instru-
mented space craft on the surface of Mars, attempted to incorporate
all major features of a typical NASA mission, MIM illustrates the
marriage of space craft and vehicle programs, and in its organization,
reflects the coordination and control problems that NASA project
managers must face, Project MIM has proved to be a valuable tool
for illustrating testing, and otherwise justifying the design criteria of
the IOC-MAPCS.

The visits to JPL, Marshall, Goddard and Langley Field Centers,
previously described, resulted in further analysis of the design criteria
with respect to their effectiveness and appropriateness, Informal
discussions of these concepts and criteria with NASA Headquarters
personnel pointed the way to further improvement,

9. STRUCTURING THE INFORMATION SYSTEM

Structuring the information system for the IOC-MAPCS proceeded in
parallel with the development of design criteria. At each step in the
system design, careful consideration was given to the potential effect
of proposed criteria on a physical information system.. As the Task
and Goal Concept emerged, the basis for an information coding system
emerged with it, This led to the development of the concept of the
integrated file structures and to the reservoir concept for information
storage and processing, Project MIM was again employed as a
"simulation vehicle' for testing the concepts used in the information
system structure. Punched card machine facilities at Ramo-Wooldridge
were used to simulate the proposed information system, A complete

- project file was established for the MIM Project and many different
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using the basic principles established for the information system, The
simulation extended to the introduction of real-time reports from con-
tractors and the preparation of financial status and schedule status
reports designed for project management use., Many of the results of
that simulation are included in this report,

Visits were also made to Lockheed Missile Systems Division and
Aerojet General Corporation, two large NASA contractors, for the
two-fold purpose of assessing the PERT system and for studying the
feasibility of the contractor reporting structure proposed for the
IOC-MAPCS,

Study of the NASA Field operations revealed the availability of sufficient
electronic data processing capability and capacity within the over-all
NASA organization to carry out the proposed system without requiring
any additional large capital equipments, From this point, further
attention was devoted to applying a reasonable degree of automation

to the information system, This included the use of pre-punched cards
for contractor reports, and direct communications between field center
and Headquarters' data reservoirs, The system, as it is currently
designed, was predicated on the use of these features. '

The effectiveness of the information system has also been studied with
respect to the decision gaming capability of the NASA I0C-MAPCS,
“and with respect to the display generation requirements associated
with the Control Center.

10. CONTROL CENTER AND DISPLAY
SYSTEM STUDY

The initial Control Center study involved the generation of numerous
drafts of suggested control center facility configurations which reflected
design changes resulting from coordinated effort between NASA and
R-W personnel, In accordance with contract requirements, the R-W
project concentrated on this effort to deliver, 30 days after the begin-
ning of the program, a report titled '"NASA Program Control Center
Early Facility Description and Architectural Layout'., This report
summarized preliminary facility design study in order to arrive at an:
early estimate of the required general area or floor space. The

report included:

An early facility description
- Human factors considerations
Environmental requirements
Preliminary layouts and perspective drawings

An intensive schedule of design effort and coordination followed immedi-
ately, During the ensuing period, five meetings were held with NASA
representatives. at the R-W plant and at NASA Headquarters in Washing-
‘ton, D, C. In the course of these meetings, investigations regarding
operational requirements, equipments, and facilities were conducted,
Various drawings were delivered to NASA teo fcrmally document this
progress.
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Also during this period, supplementary plans beyond the scope of the
study were transmitted to NASA for evaluatlon

Other concurrent inputs to NASA provided an abstract Scale Model of
the Control Center facility, samples of suggested materials, and photos
of various other mock-up models,

In addition to design activities, R-W provided technical support to
NASA personnel in their meetings with the architect for FOB No. 6,
with the General Service Administration, and with Security representa-
tives. Items of business accomplished during these sessions were:
solution of the security problems, definition of construction problems,
resolution of space allocations, discussion of lighting techniques, and
refinements of other facility requirements.

Facility studies conducted at R-W included human factors studies of
space allocation through the use of a full scale mock-up, and studies
of lighting and sound proofing techniques,

An intensive study of various display techniques and their applicability"
to the problem at hand followed the final definition of NASA's require-
ments, The study included:

Methods for automatically preparing format original copy for
subsequent conversion to display slides,

Techniques for the generation of white on black, black on white,
and color slides,

Evaluations of various methods to develop color slides from
color originals, color slides from black and white originals,
and color addition in the projection step.

Practical solutions to the projection problems which prevailed,

Considerations of optimum image projection on the screen.
Throughout these studies, full consideration was given to environmental
and operational limitations and/or capabilities for each of the systems
and their respective equipments.
During the month of October, a presentation to the NASA representatives
to explain the study effort and proposed system which had been selected
was given., The presentation covered recommendations for:

Selection of the proper display slide generation technique

Proper projection capabilities

Advanced data generation and display systems

In summary, during the contract period, the display system study effort
developed: a Control Center which is unique and operationally efficient
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within the construction and space restrictions that prevail, and a display
system recommendation which is applicable to the problems at hand and
sufficiently flexible to permit future expansion and automation,
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APPENDIX B
CONTROL CENTER INTERIOR DESIGN

1. CONFERENCE ROOM FURNISHINGS AND EQUIPMENT

a) Conference Table Console

The conference table control panel (see Figure 50) is divided into three
distinct sections. The center and largest section provides the controls
Zor the random access projector. These consist of ""OFF'" and "ON"
illuminated pushbuttons, an’ "UPPER-LOWER" split indicator illumin-
ated pushbutton, and a spring-loaded rotary switch '"FOCUS'" control.
All of these are located in a row on the extreme left hand side of the
center section. The major portion of this section is taken up with fifty
s»lit indicator illuminated '""SLIDE SELECTOR'' pushbuttons arranged
in a 5 x 10 matrix.

The right-hand section contains the controls required for manual and
cemi- automatlc pre- programmed operation of the three serial pro-
jectors.

Located in the upper left area of the right-hand section are large
illuminated "OFF'" and '"ON'' pushbuttons for providing these functions
for all three projectors simultaneously. In addition, six slightly
smaller pushbuttons across the top provide these functions for each
projector individually. Directly under these are six pushbuttons for
"FORWARD'" and "REVERSE!' control of each of the three projectors
individually. At the bottom center is an "INDEX PROGRAM" illumin-
ated pushbutton for use in sequencing all the projectors in the semi-
automatic pre-programmed mode. To the right of this is a "RESET"
pushbutton for returning to a program after deviation.

The left hand section provides four spht indicator illuminated push-
buttons providing a master ""ON/OFF'", tape recorder "ON/OFF",
public address amplifier "ON/OFF'', movie projector ""ON/OFF' and
a cuing signal pushbutton.

N

b) Lectern Control Panel*

The lectern, which will be vertically adjustable, will contain a set of
‘controls which are partial duplicates of those found on the control con-
sole, a ''prompting box'' for use with verbal presentations, a micro-
phone connection, a light, a cuing signal, and a recess for a speaker's
papers., It is shown in Figure 51. :

* Tt is recommended that this unit be designed and fabricated, since
"off ~-the-shelf' units are too complex, and controls within the lec-
tern should match those in the console to eliminate, whenever
possible, human error,
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The control panel contains, in effect, the right and left hand sections of
the conference table console and provides manual and semi-automatic
pre-programmed operation of the three serial projectors. Thus, the
speaker will be able to command an effective visual display without dis-
tractions from a complicated control panel.

c) The Conference Table

A "V'" shaped conference table (see Figure 52) will be constructed in
three parts, each of which can be dismantled for removal from the
room. The apex portion of the table will provide a recess for the in-
stallation of the control console and will be designed in such a way that
the console can be folded into the table, locked in place, and provide a
smooth continuous table surface in the area in which the console was
previously raised. The apex portion of the table will also house tele -
phone jacks for the extension telephones which will be placed along the
conference table sides.

Surface units of the conference table will be built in a sandwich pattern
which will provide covered shelving for tablets, pencils, ashtrays, and
other items required for briefing sessions, yet when a presentation is
not in process, the surface will be free and clear of impediments.

d) The Easel

Portable easels will be available for presentations in which "ﬂipvcharts”
are used. Normally, however, these will be stored in the Control
Center storage closet.

e) Chairs

- Comfortable and practical chairs will be utilized in the room. The
recommended chairs are shown in Figure 39.

2, THE PROJECTION ROOM

a) Serial Projectors and Controls

1) General

Three Serial Projectors, modified to meet the control requirements,
will provide a simultaneous display of three slides. Each projector
will use one-third of the available screen area. Two distinct modes of
operation will be available:

Mode 1 — Individual remote operation
Mode 2 — Semi -automatic pre-programming.
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2) Mode {. Individual Remote Operation

Each of the three projectors will be provided with a set of controls to
provide full operating capability independent of the other two projec-
tors. Each projector's controls: will consist of "ON/OFF' and
"FORWARD/REVERSE" illuminated pushbuttons. Two additional
pushbuttons, ""ON'' and "OFF'", will accomplish these functions for
the entire battery of three projectors. They will also control the
screen curtains and the first bank of house lights and projection
room lights. These remote controls will be duplicated on the con-
ference table control console and the speaker's lectern.

3) Mode 2. Semi-automatic pre-programming

This mode of operation provides controls to operate all three projec-
tors as a unit in a planned program, as in a formal report presentation,

.Prior to the presentation, a Serial Programmer Unit (located in the
projection room) will be set up in a sequence of steps designed to
correlate visual information to the speaker's oral presentation. This
unit is designed to be simple to program, flexible to operate, and if
desired, a visual indication is available for monitoring the program
sequence by a person stationed in the projection room. The Serial
Programmer Unit will permit the speaker to sequence one, two, or all
three projectors at one time by means of only one pushbutton, the Index
Program button.

In addition, the speaker may deviate from his program by reversing any
or all of the projectors. When any of the projectors deviate from the
pre-set program, the illuminated "RESET!' pushbutton will light. A
Program Memory Unit will remember where the speaker was when he
deviated from his planned program. At this time, the illuminated
"RESET' pushbutton will go out indicating synchronization of the pro-
jectors with the planned program.

At any time in the sequence, the motion picture projector can be pro-
grammed for an automatic-on operation. Facilities will also be avail-
-able to provide tape recordmg playback from any commerc1a1 tape
recorder at any desired step in the program.

It has been estimated that the time required for entering a planned
program into the Serial Programmer Unit that utilizes the three Serial
Projectors, motion picture projector and aplayback tape recorder will.
be approximately 10 minutes. The majority of this time will be used
for the motion picture projector and tape recorder setup,

4) The Recommended Serial Projectors
The projectors in each instance will be the Spindler and Sauppe, Dual

Selectroslide, Model SLD-1200. It is designed for heavy duty projec -
tion of 96 slides in two interchangeable magazines. Remote control
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operation of both forward and reverse sequences is provided. The
projector will accept lamps up to 1200 watts. A large volume of air
provides coohng to both sides of the slide and a permanently lubri-
cated 87 C.F.M., four-inch Venturi fan directs the air through
special cooling channels Also, the Model SLD-1200 is equipped with
three plug-in heat absorbing filters in addition to the necessary air
cooling channels.

b) The Random Access Projector and Its Controls

1) General’

The Random Access Projector will replace the 30" x 40" status
charts presently used for briefings. The controls will be designed
so as to provide access to any one slide with a multiple digit

- address by means of a single pushbutton operated remotely from
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the conference table console or from a control console located in-
the Administrator's office.

2) Remote Slide Selection

The Slide Selection and UPPER/LOWER pushbuttons in the control
console (see Figure 50) are the split indicator type. Only one-half
of the pushbutton will be illuminated at a time. -Each half of the dis-~
play indicator on the Slide Selection pushbuttons will name the slide
in that position.

. The UPPER /LOWER pushbutton selects and partially illuminates

half (upper or lower) of each Slide Selection pushbutton. The address-
able slide names will then be partially illuminated.

The utilization of this UPPER/LOWER pushbutton doubles the slide

selection capability. = At the present time, it is proposed to have 50

Slide Selection pushbuttons, giving a total slide selection capacity of
100 slides.

Depression of the Random Projector '""ON'" pushbutton will place this
projector in an operable -standby mode, and illuminate the pre-selected
halves (upper or lower) of the Slide Selection pushbuttons.- Upon selec-
tion of the desired slide, the screen curtains will open, the slide
selection mechanism will be activated, and the projector lamp will go

on when the slide is in the film gate. The portion of the Slide Selection
pushbutton associated with the selected slide will now be fully illuminated,
thus depicting clearly the projector state at all times.

Subsequent slide selection commands may now be entered, and the dis-
played slide will be removed and the new slide placed in projection
position.

At the cnnclus1on of the Random Projection program, depressmg the

JOFF" pushbutton or Serial Projector ""ON'' will initiate a time delay



during which the slide on display will be returned to its magazine, and
the projection lamp and projector will be turned off.

3) The Recommended Projector

For the Random Access Projector, we recommend the new Spindler
and Sauppe, Random Access Projector which, optically, is similar
to the SILD-1200. The random access model has a 98 slide capacity
at present with a maximum selection time of 10 seconds, minimum of
one second in a two digit system With a 1200 watt lamp, the light
output is approximately 3200° Kelvin.

c) The Motion Picture Projector and Its Controls

1) General

" The Motion Picture Projector will be operated in three different
modes: Mode 1| — Locally, from the projection room; Mode 2 —
Remotely, from the control console at the conference table; Mode 3—
Automatically, pre-programmed as part of a sequential program.

2) Mode 1.

In the first mode, the projector will be operated in the normal manner
by a projectionist from the projection room.

3) Mode 2

Controls will be provided at the conference table for manually operat-
ing the projector. This will consist of "ON' and "OFF'' illuminated
pushbuttons. Depressing the ""ON/OFF'" button will open the screen
curtains, turn down the first bank of house lights and start the projec-
tor. The end of the showing automatically initiates an "OFF''.

4) Mode 3

In the third mode, the Motion Picture Projector will be a part of a
larger presentation, using the serial projectors. Prior to the start

of the presentation, a program will be set up on the serial programmer
unit in the projection room. (See section on Serial Projectors.) The
Motion Picture Projector can be programmed to operate at any time in
‘the sequence. The program is presented by means of the Index Pro-
gram switch on the control console or the lectern. When the proper
step in the program is reached, the serial projectors will revert to a
standby condition, and the Motion Picture Projector will start automati-
cally. At the conclusion of the film, projection will be stopped by
1ndex1ng to the next program step.
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5) The Recommended Projector

For motion picture projection, presently available equipment will be
quite adequate. A Bell and Howell, Model 614 CB, 16 mm Civilian JAN
projector has only optical sound track capability and conceivably a need
for magnetic sound track capability might present itself in the future.

d) Other Projectors

Provision has been made to utilize existing projectors (e.g., the vue-
graph) and others which visitors may carry into the complex. Portable
racks which can be locked in place will be designed or procured to
house these units.

e) Display Slide Storage and Indexing

The recommended cabinet is the Brumberger Slide Cabinet No. 1093.
The glass mounted slides will be stored in all steel six-drawer cabinets.
Each drawer holds 150 individually partitioned 2' x 2'' glass mounted

slides, arranged in six rows of 25 each.

An index to the slide cabinets will be kept in a rotary type card file
designed for quick reference to display information. The cards will
show the location of the slides containing the required display. They
are slotted so that they can be quickly detached for typed notations and
then slipped back into place. A control knob twirls the index cards,
bringing the subject card into view rapidly.

f) The Projection Room Mohitoring Control Panel

All the controls will terminate in a cabinet located in the projection
room. (See Figure 54.) This cabinet will house the necessary power
supplies and switching circuitry to accomplish the control functions.
In addition, some special control panels will be provided.

1) Programmer Unit

The programmer unit will have facilities for setting up a program of

50 sequential steps using the three serial projections, tape recorder
and movie projector. Three rows of 50 switches will provide for
addressing the serial projectors. A row of 50 lights will act.as a
visual monitor, indicating what step in the program is being presented.
A set of rotary selector switches will determine at what steps the movie
projector and tape recorder playback will occur.

2) Mode Selector Panel

The mode selector will consist of a series of switches with three
positions: ON-OFF-AUTOMATIC. The OFF position will keep the
equipment de-energized. the ON position will energize the equipment
and permit it to be locally operated only from the projection room. In
the AUTOMATIC position, the units will be operated from the various
remote stations.



3) Supplementary Controls

A cueing signal on the remote units will provide a visual and aural
signal in the projection room. Manual controls will be provided for
-operation of the screen curtains, projection room lights, and the first
bank of conference room lights.

g) Tkz Television Camera

The camera will be permanently mounted in a fixed position in the pro-
jection room. Power requirements will be 45 watts at 115 volts, 60
cycles.

The camera will have a vidicon pick-up tube and a transistorized video
amplifier capable of a high resolution of 600 lines horizontally. Varia-
tions in light level of 200:1 will be automatically compensated for by the
camera. The camera lens will have a focal length of one inch.

3. DISPLAY GENERATION ROOM

a) The Format Original Generator (Automatic Typewriter)

1) General

The present information flow rate of NASA indicates the need for a
semi-automatic generator; i.e., a punched card or punched tape
operated printer to produce the type of display that lends itself to auto-
mation without gross conversion.

The primary function of the generator will be to produce hard copy
print-out of information to be used in photographic display. It will
assimilate color separated coded information and automatically produce
symbol and alpha-numeric print-out information onto sheets of one copy
per color. This generator can be either a modified commercial punched
tape or punched card driven typewriter as recommended for the interim
system, or become an inherent part of the data processing equipment for
the fully automated system.

2) Generator Specifications

The following specifications are a.pphc:a.ble to elther the interim or
automa.ted system.

OUTPUT

Rate: Interim System - 10 Characters per second (minimum),

Automated System - 50 Characters per second (minimum)

Recording Accuracy: 0.1% in repetitive placement of clearly
defined symbols on permanent copy.

Symbols: Modified to provide the required symbols.

BY



Symbol Capacity: 57 Independently addressable symbols.

Machine Indexing: Normal copy and type indexing.
Half space indexing for both copy and type.
Copy: Permanent black symbols on an opaque white background.

INPUT

Rate: Interim System - 10 Characters per second minimum.
Automated System - 150 Characters per second minimum.
Reader: Interim System - Either a punched tape or punched card
reader. ’
Automated System A high-speed punched tape reader.
Manual: Capable of keyboard input with keys modified to clearly
depict symbols and machine copy and type indexing.
Code Capacity: Minimum of 64 useable, including symbols and
machine indexing command codes.
Coding: Minimum of six information and one parity bits per
T character line.

3) The Recommended Generator

For the interim system, a Friden Flexowriter Model SFD with
selected type face, tape reader and tape punch, and modified with a
register pin platen and two-part bin to accommodate accordion
folded, perforated paper will be used. The ribbon should be of the
polyester film base type that completely eliminates the problem of
breakage associated with carbon paper ribbons. The Columbia M-50
is a "'Static Free' solvent coated film base ribbon of this type and
produces the nearest approach to actual printing. It is smear-proof,
and designed specifically for photo-copy work. The sharp images
can be reduced without fear of distortion or loss of original clarity.

b) The Microfilm Record.ing Camera

The Karl Heitz, '""Robot Recorder 36'' is an electro-automatic
recording camera for 260 exposures (24 x 36 mm) on 30 ft. of
standard 35 mm black and white film. The installation will include
the Robot Recorder 36 camera, with rewind knob and sequence re-
lease, 45 mm f/2.8 Schneider Xenar lens or equivalent. A universal
camera mount with a quick release lever facilitates unloading and
reloading of the film without the need for constant re-setting. The
unit is remotely controlled via pushbutton. Power required for the
camera control unit is 24V DC supplied via transformer (included)
from 110V AC.

The entire camera unit mounts on a Solar-matic Reproduction Stand,
equipped with Durst incandescent Rilu copying lights. This is a
‘heavy duty stand with a baseboard large enough to accept the regis-
tration pins used to hold the hard copy records in place. The sliding
head of the stand has a counter-balance spring to compensate for the
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weight of the camera unit. The copy lights are mounted on the
reproduction stand baseboard and once adjusted for the most
efficient illumination, and set, need not be re-set. The four
reflectors accept No..1 photoflood lamps or other similar size,
depending upon the amount of light required.

The black and white film to be used in the camera will be 35 mm,
- perforated, 30 ft. rolls. The film emulsion will be either East-
man High Contrast Positive Film (a positive emulsion suitable
for making negative or positive slides of excellent definition and
sharpness when clear whites and dead blacks are required) or
Kodak Microfile, a comparatively fast, fine grain, panchromatic
film of high contrast and high resolution designed for microfilm-

ing.

4. THE DARK ROOM

a) Photographic Film Processox

The Microfilm Processing Tanks develop microfilm and 35 mm
film rolls by traveling the film back and forth on reels auto-
matically during the processing cycle. The reversal of the
rotation of the reels is governed by five feet of leader and five
feet of trailer. The tanks and reels are made of corrosion-
resistant plastic and only one gallon of each solution is required.
The unit operates on 110 volts, 60 cycle AC and is capable of
handling up to 200 ft. of 35 mm film.

b)  Film Dryer

A Microfilm Film Dryer dries the roll of black and white 35 mm
film record in approximately 10 minutes. The filim contracts
naturally while it dries, a requisite for the registration capability
of the system. The stainless steel drying cage has a capacity of
50 feet of 35 mm film and is rotated by a 110 volt AC motor.

c) Color Printer

A modified Karl Heitz '""Colorcontact'', 35 mm contact printing
‘unit, prints the 35 mm black and white film records onto color or
black and white film. The negative carrier will take film rolls up
to 90 ft. in length, the dustproof and light-tight magazine will hold
30 ft. of color or black and white raw stock. A 60-watt lamp with
opaque screen, diaphragm and index knob {f/1-64) guarantees con-
stant actinism eliminating the necessity for a rheostat. Provision
has been made for color filters tc be placed in the light path pro-
‘viding the necessary color for the ultimate slide. Registration
pins will have to be added so that the color film will coincide or
register with the various colored film records. A built-in contact
allows the coupling of the exposure knob to any automatic timer.

Color processing and drying will be accomplished in the same
equipment as used for the black and white step. Additional tanks
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will be required for the color solutions but because of the nature
of this semi-automatic processor, it is capable of various process-
ing techniques. The same dryer is used for both color and black
and white film, the color requiring more drying time because of
the complex nature of the film.

d) Film Cutter

Lutes Model "IT'" is ‘a semi-automatic film cutter for rapid trans-
parency cutting. Once the film is inserted on the track-it is auto-
matically advanced eight perforations (one frame) for standard
2" x 2" slides without the risk of fingers touching the film. The
“film tracks are fully illuminated to give the operator a clear view
of the film as it is being cut. As the film is cut, it drops into a
bin underneath, stacked, and is ready for mounting.

e) Slide Mounts

Leitz "Pro'" Color Slide Binders are recommended. The mounting
step is a hand operation carried out on the light table in conjunc-
tion with the cutting of the film. Cut frames of film are inserted
between thin, anti-Newton-ring optical glass and quickly and
securely sealed in the metal binder,

5. THE TELEVISION MONITOR

The monitor will require 175 watts at 115 volts, 60 cycle and be
equipped with a 14 inch picture tube. In.addition to the normal
monitor controls, there will be provided a remote focusing control
for the television camera.

6. EQUIPMENT LIST

a) Display Generation and Production

Item Manufacturer and Model Price

Flexowriter Friden Model SFD 3
‘Camera ~ Heitz, "Robot Recorder 36" 900.00
Lights Durst, R12U Copying Lights 100. 00
Reproduction Burke and James, Solar-Matic 70.00

Stand No. 3707-S(W} ’
Film Processor Microfilm Co. of Calif.

' Model FEM 8/90 235.00
Film Dryer Micro Record, Model DR -10 75.00
‘Color Printer Heitz, Color Contact % 150.00
Film Cutter Lutes, Model "IT'" No. 7902-S 60.00
Slide Storage Brumberger, Model No. 1093 Cabinet 30.00
Sink - Kreonite, Model 3065 460. 00

% To be negotiated.
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approx.

b) Projection_
Item Manufacturer and Model Price
Four Projectors Three Spindler and Sauppe
‘ Model SLD-1200 5 820.00 ea.
One Spindler and Sauppe
Random Access Projector 1,600. 00
Screen Screen, Stewart-Trans-Lux, & ‘
Lux Chrome 50 (Gain
Factor of 2 to 2.5)
c) Public Address System
Sound Amplifier One, RCA, Type SA-34C, MI-38103 o e
Loudspeakers Two, 8'", RCA, Type SL-8A, MI-12480 #¥
Line Matching '
Transformers Two, RCA ek
Microphone Miniature, RCA, Type BK-6B,
MI-11017 ekt
Microphone Varacoustic, RCA, Type SK-5D,
MI-12934 e 3
Microphone Cardioid Dynamic, Univ. Mod. 502S 86. 00
Input Transformer Three, RCA, MI-12398 or 12399 45, 00
Baffles Two, Special Design (for loud-

A speakers) 2-1/2 cu. ft. 100. 00
Decorative Grilles Two (for loudspeakers) 20. 00
Audio Switching

Panel Altec Mod. 1555A 50. 00
Volume Indicator
Meter Panel ATT de sl
Monitor Speaker
Panel ATT sje 2l
Miscellaneous Cables, connectors, small parts, etc. 50.00
$ 351.00

1

% To be negotiated

#% These items are available at NASA.,
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d) Recording Eguipment

Item Manufacturer and Model Price
Tape Recorder - Remote Controlled, Ampex PR-10 890. 00
Compression .

Amplifier Altec Mod. 438A 199. 00
Microphone Electrovoice '"'Sound Spot'', Mod. 644 65. 00
Microphone Electrovoice, All Directional,

Mod. 654 59. 00
Eraser Bulk Tape, Robins Mod. ME-99 25. 00
Demagnetizer Tape Head, Robins, Mod. HD-6 7.50

Recording Tape Ten, 7' reels, 2400 ft., '""Scotch"
Type 200 62.00

Tape Splicer and Tape

Head Cleaner Kit Robins Mod. TS4A-SLX 10. 00
Miscellaneous Cables, connectors, small parts, etc. 50. 00
$1,367.50

e) Communication Equipment

Call Director 12 -Button, Bell Telephone Co. #* 50. 00
Communication

System Selective, Type 6-A, BTC #* 165. 00
Central Office Tele-

phone Lines BTC, Three A 30. 00
Telephone Jack

Installations BTC, Five % 37.50
Telephone Instruments

Installation BTC, Fourteen- s 140. 00
Headset Boomtype, Telex 42. 00
""Speaker Phone'

Installation BTC A 4. 00
Visual Signal for BTC 10. 00

Remote Control Panel .
Cue Signal (For Projection Room) 50. 00

3 528.50

f) Television

TV Camera Dage Automatic Model 70 BR i,645.00

TV Monitor Dage Video Monitor Model 602-C 475. 00 &k
Camera Lens To be determined 100. 00 appr.
Miscellaneous Cables and Controls, to be determined

Video Amplifier*%#* Dage Line Driver, Model 275-LD 250. 00

* These costs are for installation only. Monthly charges are in addition
and would be approximately $65. 00 per month. Figures are based
on Los Angeles area charges and may be quite different in the area
where the installation is made.

#**Custom installation is slightly higher.

*¥*¥Required for expansion only.
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g) Format Generation Supplies

Chemicals B and W Process
Developer D72
Fixer Kodak Rapid

' Liquid Fixer
Film 34mm, Eastman

High Contrast
Positive 5362,
Neg. Perf.

Slide Mounts

Flexowriter Ribbon Columbia M-50
Flexowriter Paper Hammermill Bond
.1 Sulfide, 20
LBS;, Perforated
and Preprinted
(Moore Business

Forms, Inc.):

h) Electrical :

Conference Table Control Console
Lectern Control Console
Administrator!s Control Console
Control Cabinet

Cable Kit

Still Photo B&W

D72

Kodak Rapid
Liquid Fixer

Kodak Photo Flo

Kodak Ektachrome

. Processing Kits;,
E-2

Color Process

Kodak Rapid

- Liquid Fixer

Kodak C-22 Pro-
cessing Kits

Kodak Photo Flo

35mm Kodak

Ektachrome, Type

F EF 404, or

35mm Ektacolor

Slide Film

Leitz Pro. Color
Slide Binders

. w/anti Newton
Ring Glass

$ 5,993.00
8,832.00
4,271.00

31,331.00
5,828.00

Bi3



7. ADVANCED SYSTEM AND EQUIPMENTS

a) General

Since the automation described in Section III. B. represents a sizeable
investment and considerable changes in information flow techniques,

a description of a typical information input system has been prepared
for consideration. Figure 8] exhibits a typical display system flow.
However, since, as is mentioned earlier, the generation portion of
the automation being considered is an item of great importance, a
description of the requirements is presented below.

b) Automated Display Generator

The display generator in the fully automated system would become
an integral part of the data processing equipment (see Figure 82).

It would, without constant attention of an operator, produce displays
under computer control. The responsibility of decisions in display
format, data allocation, interpretation, and computations will be
put to the computer. The computer will assimilate the information
received from the Field Station, make calculations, add the neces-
sary control commands needed to operate the automatic generator
and store information routine for slides. When either asked by the
internal program or by the operator, the computer will feed the
requested slide information from its buffer to punched tape for use
in the Display Generator. This tape can feed directly to the Display
Generator's tape reader /puncher for on-line type slide generation
or be stored for future use. It should also be pointed out that a
remotely located computer could, by use of wire transmission;
produce the tape at control center for on-line or off-line use.

An automatic display generator unit can be divided into seven sub-
assemblies according to their functions in the system.

1) Tape Punch

'2) Tape Reader

3) Control Programmer

4) Symbol Generator

5) Film Processor

6) Film Chip Handling Equipment
7) Monitor and Control Panel

c) Tape Punch Sub-Assembly

The computer fed and operated tape punch provides control and
symbolic information on tape for operation of the Display Generator
System. This information is punched in the paper tape in characters
(lines) of six information punches (bits), a parity punch and a
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synchronizing punch. The tape punch should be capable of producing
this information at rates exceeding 150 characters (lines) per second
in order to maintain the information flow needed for the tape reader
during on-line operations. When operated in the on-line mode, the
tape is a continuous strip being read during punching with a slack

- loop between the puncher and reader to provide a temporary storage.
The tape punch will then be controlled by the computer with the
electronic control programmer in the display generator indicating

a readiness for the next character of information. The electronic
inlocking and tape loop for interim storage will provide an even and
efficient information flow.

Tape generation during off-line operational modes will allow the
computer to operate the tape punch at extremely high rates. This
capability allows for a back log of slide information on tape for the
display generator during high input infermation densities. The
prepared tapes can then be stored for use in specific presentations
at a future time. This tape generation and storage will decrease
the computer operational time since tapes of a by-product classi-
fication can be generated during computer runs that are aimed at
receiving specific information.

The utilization of a separate tape punch and tape read system that
employs a standardized coding technique allows for the tapes to be
punched manually. This capability of manual tape punching pro-
vides on-location updating and special slide generation. A typical
tape punch typewriter would be the '"Flexowriter'.

d) Tape Reader Sub-Assembly

The tape reader converts the punched tape information to electronic
pulses for control and information inputs to the control programmer.
This reader must be capable of automatic start/read/stop or contin-
uous reading operations as directed by the control programmer.

The minimum rates expected of this reader should average 150
characters (lines) per second and be capable of rates up to 300
characters per second, a typical off-the-shelf tape reader would

be the Potter 903A Reader and Amplifier Unit.

e) Control Programmer Sub-Assembly

The electronic control programmer is the internal decision-making
device of, and provides the following services to, the Display
Generator.
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1)  Interprets the punched tape information,

2) Allows for a flexible programming technique,

3) Converts this information to directive commands for the
sub-assemblies of the Display Generator,

4) Monitors the execution of these commands,

5) Monitors the Display Generator System for malfunctions,

6) Commands the tape reader to start, read and stop as dic-
tated by the information consumption rates of the Dlsplay
Generator.

f) Input Operations - Control Programmer

The control programmer sub- assembly receives each character
(line) of punched tape information in an eight wire parallel type
cOnflguratmn Each wire electrically reflects the presence of a
punch in the tape in its allocated track at the read-time for each
character or line of punched information. Tape tracks L1 through
L 6 are allocated to binary coded information and track L 7 is to

be used for parity checking.

g) Programming

The binary coded tracks L { through L 6 are interpreted by the
control programmer as representing various types of control codes
.or data codes according to the programming technigque. This type
of code 1nterpretat10n is based sequence. The code following a
reset code is identified as a control code. Thesé control codes
instruct the control programmer as to how to react to each follow-
ing data code until the next reset control code is received. This
technique of programming increases the efficiency of data flow

and increases the number of different control and data instructions
to the Dlsplay Generator.

h) Reset Control Code

This code indicates the beginning and end of an operational sequence
and identifies the next code as a control code.

i). Control Codes 1 through 9

These are command or instruction type codes. Upon receipt of a
~control code, the Control Programmer will select and command the
various sub-assemblies to react to the data codes to follow. The
control codes for identifying data codes might be as follows:



Control Code 1 - start of new slide generation

2 - data code for color selection to follow

3 - data codes for X and Y location of symbols
to follow

4 - data codes for selection of symbols, alpha-

' numeric information to follow

5 - data codes for X and Y points of line drawing
to follow

6 - end of present slide generation and new slide
generation to follow

7 - end of present slide generation and no new
slide generation to follow.

i) Data Codes

The same binary number can represent different data codes since

each is identified by the preceding control code and the pre-
assignment according to binary number value. These 63 binary
numbers provide the Control Programmer with symbol, alpha-numeric,
and X and Y locations for symbols.

k) System Monitoring

The Control Programmers provide interlocking and monitoring of

all the Display Generator sub-assemblies. The internal control
center offered by the Control Programmer provides the system with
a malfunction alarm system. Upon receipt of a malfunction; the tape
reader stops, and the type of malfunction occurring is presented on

a Control Panel. '

l) Tape Reader Control o

The various consumption rates of each sub-assembly necessitates
controlled operation of thz tape reader. Since the Control Programmer
sub-assembly communicates with the various sub-assemblies of the
Display Generator, it will also maintain operational control of the

tape reader. A control multivibrator circuit in the Control Pro-
grammer is capable of commanding the tape reader to start, read

one or more characters of tape, and stop on any character now being
read, |

m) Symbol Generator Sub-Assembly

The Symbol Generator provides exposure of symbols, alpha-numerics,
and lines onto unexposed film chips. This must be capable of placing
tne pre-determined symbols in any desired position in a relatively
short time. There are two techniques that are considered to be
acceptable and efficient means of symbol generation. These are

v
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symbol generation using the Cathode Ray Tube Character Matrix and
the slower servo-driven Template Matrix. Both of these approaches
are state-of-the-art techniques and a working model of each has
either been developed at Ramo-Wooldridge or is under construction
at the present time.

Each technigque possesses its own attmbutes according to the
application.

n) Cathode Ray Tube Character Matrix

Generation by use of the Cathode Ray Tube is by far the fastest
and most expensive approach. It finds its application most su1ted
for high speed display generatm.on.

The Cathode Ray Tube Character Matrix utilizes an internal
character matrix for forming the characters on the phosphor screen.
The electron.gun, when electrically commanded, emits a beam of
electrons which are accelerated and shaped by anode number 1.
This beam is then deflected by the first set of electrostatic plates
to select the desired character shaped hole in the matrix. The
second set.of electrostatic plates re-orients the electron beam in
skew and direction in order that the beam will pass through the
character shaped hole and then later strike the phosphor screen
properly orientated. The electromagnetic coils near the screen of
the tube provide positioning of the selected character as weM as
providing final acceleration of the beam. o

This technigue requires a pre-determined set of characters or
symbols with expansion hindered by a limited number, 64 and the
costly reproduction of the tube.

o) Servo-Driven Template Matrix

The servo-driven template matrix utilizes a statidnary light beam
that is shuttered through movable stencil templates. ' The desired
character shaped hole is indexed into the light beam,; the hght is
then gated on, and positioned on the film chip by X and Y mirrors.
The electro-mechanical technique of character or symbol gener-
ation offers the reliability of a typewriter at exceptionally high
rates.

p) Gomparison

The advantages and Jdisadvantages of both ugner’ators are sum-
marized as follows: ~
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Input Rates: Both generators will operate in on-line and off-
line modes with a computer. The CRT generator can accept
. faster rates from the computer.

Output Rates: Both generators are capable of generating the
normal slide in less than one minute. Although the CRT
generator can select, position and expose faster, its output
rate is deterred by the wet processing of the high speed film
required by CRT exposure.

Film Type Required: The CRT Generator requires high speed
film while the servo-driven Template Matrix Generator
utilizes both high and low speed film and both wet and dry
processing film.

Image Quality: The characters or symbols generated by the
Template Matrix far surpasses the guality derived from the
CRT Generator.

. Rel.1ab1hty . The servo-driven Template Matrix Generator
offers the more reliable system.

Cost: The servo-driven Template Matrix Generator is slightly
[ess costly.

q) Processor Sub~Assembly and Film Handling Sub~Assembly

The film processing station in the automated Display Generator is
capable of automatic rapid processing times on the order of one
minute for wet processing and a few seconds for dry processing.
The dry processing type film that is adaptable to rapid processing
has exposure times and spectral responses that dictate the use of
the servo-driven Template Matrix Generator. After being exposed
to high intensity ultra-violet, this dry processing type film can be
developed by heat en route to the internzl storage for completed
slides.

ALl film and slide transpertation internal to the Display Generator
is & rapid automatic system.

Storage of unexposed and exposed film is prov ided in magazine
capacities of 60 slides for each.

B2l



r) ‘Generation and Projection

This automated but more expensive approach to the problem of
display format creation would be through the use of the Ramo-
Wooldridge developed character generator operating in con]unctmn
with Colorvz,sm,on, Inc., optics.

This technique utilizes color-separation image areas on a single
piece of black and white or dry-processing type film which is then
projected through reversed beam-splitting optics, producing a
single additive color 1ma,ge on the screen. The symbol color is
determined by the area in which the symbol appears on the film.

- The mechanical servo-driven Template Matrix symbol generator
selects and positions the symbols within each image area depending
upon the displayed color desired. |

8. RECOMMENDED INTERIOR COLOR AND FURNISHING
SCHEDULE

a}) Conference Room

Walls:
Plaster - Kemtone #215 - Driftwood White
Wood (Flush Panel) - Oiled Walnut
Doors (Flush Panel) - Oiled Walnut
Drapery - Herman Miller #144 Capra
Carpet - unspecified
Furnishings: -
Conference Table - Oiled Walnut
Conference Chairs - Herman Miller PAC-1
Upholstery - Herman Miller Rainbow #279
Auditorium Chairs - Herman Miller DSS-1
Upholstery - Herman Miller Rainbow #279
Sliding Wall Panels - Micarta #90M14 Sand

b) Reception Room

Walls:
Plaster - Kemtone #215 Driftwood White
Wood (Flush Panel) - Oiled Walnut
Doors (Flush Panel) - Oiled Walnut
- Carpet - unspecified
Furnishings:
Reception Desk - Oiled Walnut {Desk top - micarta #90M14 Sand)
Receptionists Chair - Herman Miller PSCC-1
Upholstery - Herman Miller Rainbow #283
Sofa - Herman Miller 5691A on 5671 Base
Upholstery - Herman Miller Rainbow #278
-
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d)

- Projection Room

Walls -~ Kemtone #226 Corlc
Carpet -~ unspecified
Doors - Paint Kemtone #215 Driftwood White

Display Generation Room

Walls - Kemtone #215 Driftwood White
Doors:
From Reception Room - Paint Kemtone #226 Cork
Oiher - Paint Kemtone #215 Driftwood White
Floor Tile - unspecified

Dark Room

Walls - K:mtone #215 Driftwood White
Doors - Paint Kemtone #215 Driftwood White
Floor Tiiec - unupecified
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_ APPENDIX D
DISPLAY SYSTEM DESIGN PROCEDURES

1. PARAMETERS

‘As described in paragraph 3B. 2 of this report, the NASA display system
. parameters were defined at the beginning of this study., These param-
- eters and NASA requirements are:

Time necessary for generation of any display— minimum,
- Operating costs —minimum consistent with quality.

Cost of implementation —minimum.,

-Product display quality —maximum,

Color capability —included, -

Independence of human-operator sk111—1nc1uded

With system parameters and final requirements established, the next
question to be answered was, '"What specific avenue of approach best
fills the needs of NASA?" Conventional techniques, such as that illus-
trated in Figure 83, were not ruled out,. -

As an initial approach, possible display product types were categorized
into three distinct classes:

‘Black and White hard copy output from Generator leading to
black and white display product.

Color hard copy output from Generator leading to color display
product (Direct color).

~ Black and Whlte hard copy output from Generator leadmg to
color display product (Synthetic color).

Although the above description of the classes is self explanatory, it
should be noted here that the term Generator may refer either to man
or machine and that a black and white display product implies a visual .
display consisting of white symbolic (or alphanumeric) information on
a dark background (negative image) or dark symbolic information on a
white or clear background (positive image). Similarly, a color display
- product implies a visual display consisting of color symbolic informa-
tion on a dark background (negative color image) or colored symbolic
information on a white or clear background (positive color image).

2, SYSTEM AVENUES

For each of the three classes of product types introduced in the pre-
ceding paragraph, a family of system avenues was established. The
term avenue, as used here, denotes a complete sequence of steps or
operations that are required to produce a particular display product
- from a given Generator output. For example, if the Generator output
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CONVENTIONAL DISPLAY PREPARATION SYSTEM

SERVICE
BUREAU

CORP.

PREPARES
IBM TAB
RUNS

PROJECTS COLOR ‘
DISPLAY

TAB
DA‘TA RU'NS
| ANALYSTS ARTISTS coPY PROCESSOR SLIDE PROJECTOR
INSTALLATION RECEIVE CAMERA MOUNTING
INPUTS, PREPARES 8x10 DEVELOPS
FORWARD DATA | DATA ORIGINALS COLOR | pHOTOGRAPHS | COLOR NEGATIVE COLOR SLIDES COLOR
TO SBC, AND *1 FOR XEROX [ opaquE . oN i AND OR TRANSPARENCY |  MOUNTED SLIDE SLIDE
SuBMIT REVIEW NEW AND ORIGINAL| COLOR FILM POSITIVE FOR
REPORTS TAB RUNS PHOTOGRAPHY COLOR FILM PROJECTION
UPDATED
HARD COPY

NASA HEADQUARTERS

XEROX REPRODUCTION
PRINTING XEROX HARD DISTRIBUTION
- NASA FIELD INSTALLATIONS
MASTER MASTER coPY
PREPARED PRINTED
OTHERS
33 HOURS 33 MINUTES MAXIMUM
TIME SPAN FOR 12 SLIDES = 4 % 33 " MINIMUM
" MAXIMUM

TIME SPAN FOR 60 SLIDES = 166 " 4
21 " 4 " MINIMUM

Figure 83. Conventional Display System



is an 8' x 10" typewritten sheet of paper and the desired product is a
visual black and white presentation consisting of clear symbolic infor-
mation on a dark surround, then one possible avenue might appear as
follows: :

B and W

Opaque Photo - reduce to 35 mm 'Mount Project negative
Copy and Process (negative) 35 mm slide

(8 x 10) '

Figures 84, 85, and 86 illustrate the complete sets of avenues which
were considered for the NASA display system operation, The first
task following establishment of these many avenues was to determine
which avenues were totally consistent with the system design param—
eters discussed in paragraph 3B. 2b.

3, GROSS AVENUE ELIMINATION

Instead of expending the large amount of time that would be necessary
to carry out a detailed evaluation of each of the individual system
avenues illustrated in Figures 84, 85, and 86, certain groupings of-
avenues involving particular characteristics were treated in a gross
fashion, Such treatment resulted in the summary elimination of several
of these groups from further consideration,

a, Dimensions of Generator Output

The first group of avenues treated were those involving Generator =
outputs having physical dimensions considerably greater or less than
8'"" x 10", Experience in the field of display generation devices has
shown that automatic or semi-automatic generation equipment for the
production of display items having large physical size is not commer-
cially available. Further, the cost of producing such equipment is
excessive, Hence, since the desirability of designing a display system
amenable to some degree of automation is unquestionable and since
automation should be provided at a reasonable cost, all avenues
involving physically large Generator outputs were dropped from con-
sideration,

Further investigation indicated that Generator outputs considerably
smaller than the 8" x 10" dimensions were also unsuited to the proposed
display system. Here, however, the elimination was made on the
grounds of product quality rather than on those of cost, Semi-automatic
or automatic readout or print out devices chosen for system implemen-
tation must be capable of sufficient resolution to produce about thirty-
six lines of copy on the display product, Such resolution can be
achieved easily with available equipment only if the generated output

is of reasonable size, :

On the basis of the above considerations, a nominal size of 8" x 10"

was retained, and all system avenues that were based upon the utilization
of Generator products differing significantly from this size were eliminated,
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SYSTEM PATHS FOR BLACK AND WHITE DISPLAY PRODUCT FROM BLACK AND WHITE ORIGINAL

Mount (8 x 10)
/ Print Positive Diazo (8 x 10) & Process M it (8 x 10) ———e= Project Positive

Project Positive

/_.pnm Positive Diazo (8 x 10) & Process———wMount (8 x 10) ——e Project Positive
Mount (8 x 10) Project Positive

/——-lem Positive (8 x 10) & Process
Mount (8 x 10) ———e= Project Negative

Print Negative Diazo (8 x 10) & Process Mount (8 x 10) ——== Project Negative
Print Positive Diazo (8 x 10) & Process Mount (8 x 10) ——== Project Positive
Mount {8 x 10) —— Project Positive
Mount (8 x 10) ——w- Project Negative
N+ print Negative Diazo (8 x 10) & Process Mount (8 x 10) ——e Project Negative
Print Positive (8 x 10) & Process Mount (8 x 10) ——e Project Positive
N\ Frint Positive Diazo (8 x 10) & P Mount (8 x 10) Project Positive
Print Negative Diazo (;g ““‘“} & Process Moumgg ’mm‘““g-_. Project Negative .
Mount{Te B ___ project Negative
(35 mm) 2l &
Print Positive Diazo | ‘35 :""‘;A Proce"—-Moumgg '““‘:——- Project Positive
Print Positive {10 ™M) ¢ p, Mount!T2 MM)____ project Positive
(35 mm) 33 )
Print Positive Diazo gg i . Mount! 10 7)o Project Positive
/ Mount{70 mm) . -

{35 mumj—= Project Positive

Mount (8 x 10)————= Project Positive

Mount (2 x 2) ———= Project Positive

Mount (4 x 5) == Project Negative

Print Kalfax (8 x 10) & Process (Neg.

Mount (8 x 10)——= Project Negative

Photocopy {8 x 10) & Process
(Reversal)
Photocopy (8 x 10) & Process
(Negative)
) Reflox C s Positive
eflex Copy (8 x 10) & Proces .

(Autopositive) Negative
Reflex Copy {8 x 10) & Process

OPAQUE {Negative)

OR

VELLUM

ORIGII;AL

{8 x 10,
Photo-Reduce (13 ) & Process
(Negative)
Photo-Reduce {19 ™™ & Process

. (Reversal)

Xerox (8 x 10) & Process
Polaroid Transparency (2-3/4 x 2+3/4) & Process
Polaroid Negative Transparency (4 x 5) & ?wcen

Mount (8 x 10) sea—s= Project Positive
Mount (8 x 10)——w Project Negative

/—-pnm Negative Diazo (8 x 10) & Process

VELLUM
OR Print Positive Diazo (8 x 10) & Process
TRANSPARENCY
ORIGINAL
(8 x 10} Print Photo Negative (8 x 10) & Process

N print Positive (8 x 10) & Process

Print Negative Diazo (10 mm) & Process Mount (70 Project Neg:
(35 mm) 35 mm]
(s x 10)
Mount (70 3

Mount (8 x 10) =——me— Project Negative
Mount (8 x 10) Project Positive
\——an Positive Diazo (8 x 10) & Process —== Mount (8 x 10) ——= Project Positive

Reduce Positive :;g ’“m; & Pr Mountgg ::1‘; = Project Poaitive
Pri . {70 mm)

nt Positive Diazo (8 x 10) & Process Mounel 10 Mo project Positive
(8 x 10) (8x 10)

Project Negative

Project Positive

(35 mm)
x 10) (8 x 10)
Print Positive Diazo ('IO ) Mount (70 ) Project Positive

(35 ram) (35 mm)

x 10)

Photo-Reduce (10 rnm]lz Process

(Negative) (35 mm)
OPAQUE

OR

VELLUM
ORIGINAL (8 x 10)
(30 x 40) Photo-Reduce (10 mm) & Process

(Reversal) (35 mm)

Polaroid Transparency {2-3/4 x 2-3/4) & Process

(35 mm)

(8 x 10) (8 x 10)

Print Positive (70 mm) & Process Mount (70 mm)
(35 mm)

(
Mount (70 mm) Project Positive
35

(8 x 10) (8 x 10)
Print Positive Diazo (70 mm) & Process Mount (70 mm)
(35 mm)

Mount (2 X 2} e———a= Project Positive

Figure 84. Black and White System Avenues
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SYSTEM PATHS FOR COLOR DISPLAY PRODUCT FROM

(8 x 10)

COLOR ORIGINAL (DIRECT COLOR)

Mount (8 x 10) — = Project Color Positive

Mount (8 x 10) ———w= Project Color Positive

mm)
{35 mm)

Mount (8 x 10)

Project Color Negative
{70 mm)
(35 mm)

Mount (8 x 10)=————wProject Additively

OPAQUE
OR

VELLUM

ORIGINAL

Mount (70 mm)——Project Color Negative
(35 mm)

(8 x 10 OR
30 x 40)

Mount in Register—»Project Subtractively

Mount (8 x 10) ~—— Project Additively

Mount (8 x 10)———sProject Additively
(70 mm)
(35 mm)

Mount in Register—s= Project Subtractively

Mount (8 x 10)—— Project Additively
(70 mm)
{35 mm)

Mount in Register—a= Project Subtractively

omes (4)

Mount in Register —sProject Subtractively

Mount (8 x 10)———=—Project Additively
(70 mm)
(35 mm)

(35 mm)
& Process (3) (Reversal)
Toned Positives (3)

Mount in Register —w Project Subtractively

/sPrint Color Positive (8 x 10) & Process
Print Color Negative (8 x 10)

Mount (8 x 10}——— Project Color Positive

& Process

\—.Print Color Separation Positives(3)
& Process

\—Pzin: Positive Diazochromes (4)
& Process

Mount (8 x 10)=———Project Additively

Mount in Register— Project Subtractively
(8 x 10)

Toned Positives (3)————————————Mount in Register —= Project Subtractively

{Transparency Only)

VELLUM

Mount (8 x 10) ——== Project Color Positive

Print Positive Diazochromes (4) & Proces
OR 7~ (4)

Mount in Register — Project Subtractively

Print Separation Positives (3)-
& Process (8 x 10) {Reversal)

TRANSPARENCY
(8 x 10)

Mount (8 x 10)— Project Additively

Toned Positives (3)

Mount in Register —= Project Subtracfively

Print Color Positive Transparency

(8 x 10) (Reversal)

Mount (8 x 10) ~——e- Project Color Positive

Mount (8 x 10)———= Project Additively
Mount in Register —s=Project Subtractively

Photocopy (70 mm) & Process
(35 mm)
(Reversal color film) (8 x 10)
' Print Positive (70 mm) & Process
{35 mm)
(8 x 10)
Photocopy (70 mm) & Process
(35 mm)
{Negative color film)
/——Toned Positives (3} ———————aMount in Register—sProject Subtractively
. Print Color-separation Positives (3)
& Process \
Print Positive Diazochromes (4}~————Mount in Register—= Project Subtractively
& Process
(70 mm)
Photocopy (35 ) & Process -
{Non-reversal color)
Print Negative Diazochromes {4) & Process
Tinted Negatives (3):
(8 x 10)
Separation Negatives {70 ) -
{35 mm) 0
& Process B & W (3) .
oned Negatives (3)
/——Toned Positives {3) ——————————+Mount in Register —— Project Subtractively
Print Separation Positives (3) & Process
- 8I:rFi‘nt Positive Dia
 x 10) /-.prim Positive Diazochromes (4) & Pr rocess
Separation Positives (70 mm)

Tinted Negatives (3)
/;Print Negative Diazochromes (4) & Proces
Print Separation Negatives

Mount (8 x 10)———= Project Additively

(8 x 10) & Process B& W (3) _ \-
Toned Negatives (3)

Print Separation Positives (3) & Pr

Mount in Register—s= Project Subtractively

Mount (8 x 10) ——= Project Additively

\-Print Positive Diazochromes {4)—— Mount in Register— Project Subtractively

. & Process

‘Toned Positives (3)

Figure 85,
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SYSTEM PATHS FOR COLOR DISPLAY PRODUCT FROM BLACK AND WHITE ORIGINAL (SYNTHETIC COLOR)

Path
Designation
Tint Neg Mount (8 x Project 301
/ /_...pmn Tinted Di Mount (8 x 10) Project 302
Fhotocopy (6 x 10) & Process (3) Mount (8 x 10). Project Aditively 303
(Negative \
Print Positive (8 x 10) & Col P Mount (8 x 10) Projoct y 304
in proceasing
tnt Positive (8 x 10) & Process Mount (8 x Project 308
Priat Posltive Photopolymer (8 x 10) & Process Mount (8 x 1 Project 306
Print Positive (8 x 10) k up Mount (8 x Project 307
/" in processing
Reflex Copy (8 x 10} & Process (3) (8 x 10); ) is 308
(Negative) \
Int Neg (8% 10) g 309
Tinted (8 x10) Project y 310
Mount (10 mm) ;
Print Tinted {19 men) Profect 311
Tiat Negativy Mount (70 mm) Project Addi 312
(35 mm)
Step-print Color Positive (10 mm) (70 mm) Project Color Posttive 313
/  (Non-reversal) 35 mm) (35 mm)
Photo-reduce | } & Process (3) Mount (70 Profect 314
(Negative ‘” ) \ (35 mm)
Print Positive gg :,‘:} xc P gg ) Project 315
in proceasiny
processing
(7¢ mm) :
Print Positive Photopolymer § & Proceas (70 mm) Project 36
(35 mm) (35 mm)
. (70 mm) " N
. Step-Print Color Negative (35 mm) z;: m; Project Color Negative N7
oraquz
Print Positive {10 & proc, Tone Positives (70 mm) Project 318
v:umu (35 mm} \ (35 mm)
o Print Positive Di Mount (70 mm) Project 319
(35 mm)
Positive Mount (70 mm) Project 320
(25 mm)
Print Kalvar & Pro Tone Positives Mount (70 Project 321
(35 mm)
Mount (70 Profect Addi 322
. (35 man)
Photocopy {8 x 10) & Process (3) Print Positive (8 x 10) &k Process —T-Toni i Mount (8 x 10). Project 323
(Negative ; Positive Mount (8 x 10) Project 324
Print Kalvar (8 x 10) & N T Posit Mount (8 x 10) Project 328
Print Positive Mount (8 x 10 Project 326
I Tone Posltives Mount (8 x 10} Project 32
Photocopy (8 x 10) & Proc Positive Mount (8 x 10} Project 328
(Reversal)
Refiex Cory (8 x 10) & Process () Tone Positives Mount (8 x 1 Project 329
(Autopositive) \
Positive Mount (8 x 10) Project 330
Polarold Transparency (2-3/4 x 3-1/2) k Process (3) Tone M Project N
(Positive) \
Positive M Project 332
Mount (70 Project 333
(35 mm)
Photo-reduce {10 ™™ & Process (3) Tone Positives Mount (70 mm) Project 334
) (35 mm)
Positive (10 Project 338
(35 mm)
Xerax (8 x 10) k Process (3) Positive — Mount (8 x 10) Project 336
(Positive)
/_. Negative Diazechrome Black-Tints (3) & Process Mount (8 x 10) Project 37
Print Kalvar (8 x 10) k Process (3) Mount (8 x 10) Proje 338
(Negative) |
Print Positive B x10)& Mount (8 x 10) Project 339
Print Photocopy (8 x 10) & Proc: Mount (8 x 10) Project Addi 30
(Negative)
Negative Diasochrome Black-Tints {3) & Process Mount (8 x 10) Project 41
Tint Negatives (8 x 10) Mount (8 x 10) Project Mz
VELLUM Negative Black-Tints & Mount (75 mm) Project 3
TRANSPARENCY / (38 mm)
(8% 10) Photo-reduce { ! & Process (3) Mount (70 Project Addi u
{Negative) ‘” ) \ }35 mm) g
Tint Negath Mount (70 ram) Project y s
(35 mm)
Print Positive Photopolymer g‘s’ ;‘:,' & Process Mount (70 mm) Project R M6
- (35 mm)
Print Photocopy (8 x 10) k Process (3) Tone Mount (8 x 10) Project 7
(Reversal)
:——Polltlvo (8x10) & Mount (8 x 10) Project 348
(8 x 10) & Process Mount (8 x 10) Project i 9
(10 mm) Positi
duce & Proc Tone Mount (70 rmm) Project 350
(35 mm) AN (35 mm| 4
Positive Diazochromes gg mm) g process Mount (70 mm) Project 351
mam} {35 mm) ’

Figure 86. Synthetic Color System Avenues
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b. Dimensions of Display Product

The second group of avenues treated in gross fashion were those
involving display products having dimensions varying from the dimen-
sions of a standard 35 mm double frame (24 mm x 36 mm).

In the case of products having dimensions smaller than those of the .

35 mm double frame, decision revolved chiefly around required screen
brightness and permissible projection distance —two criteria which
are basically inter-related. Since the layout of the control center
establishes a limit on the dimensions of the projection room, it also,
therefore, established a limit upon the projection distance or the linear
distance from the lens of the display projector to the viewing screen.,
Further, since the projection distance possesses a fixed relationship
to the required optical magnification and since the brightness of the
image projected upon the viewing screen falls off as the square of the
magnification, it is desirable to set an upper limit on the magnification,
The projection of a mounted 35 mm slide onto a viewing screen having
a vertical dimension of 6-feet represents a magnification of 80 which
may be regarded as an upper allowable limit, Since a smaller slide
requires even greater magnification to fill the viewing screen, utiliza-
tion of a display product having dimensions less than 24 mm x 36 mm
will have adverse effects on the viewing quality of the displayed image.

In the case of display products having dimensions significantly larger
than those of the 35 mm double frame, decision revolved about the
availability of equipment capable of storing, processing and projecting
large formats. In handling formats dimensionally larger than 70 mm
size, the problem is extremely severe due to the unavailability of
equipment that is capable of such handling and also of being automated,
While it is true, for example, that there are projectors available for
large formats, they are strictly manual in their operation, Further,
the use of 70 mm display product was considered acceptable until
investigation indicated the excessive cost of equipment for handling
this size,

The net result of the above considerations was the elimination of all
system avenues which were based upon the generation of display products
different in size from 35 mm. It should also be noted here that since
35 mm is a standard used in the motion picture indusfry and, to an

even larger extent, in the field of amateur photography, a wide variety
of equipment is readily available at relatively low cost for handling

this size. . '

c. Black and White Class of Display Products

. The third group of avenues treated in gross fashion were those involving
black and white display products arising from black and white Generator
output. Since none of the avenues in this class is amenable to color
utilization, and since any avenue in the synthetic color class may be

used to produce black and white as well as color display products, this
entire class of system avenues was eliminated from further consideration.
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d, Direct Color Class of Display Products -

Although it was deemed desirable to provide color displays on the viewing
screen, investigation indicated that no reasonably priced device was
commercially available which possessed the capability of programmed
readout or printout in color, Any of the avenues in this class, then,
could only be employed in the NASA display system if the Generator
output were in the form of manually prepared colored art work, For

this reason, this entire class of display product types was dropped

from consideration. As will be noted later in this report, artist-
generated material may be utilized, if desired, in the recommended
system,

e. Utilization of Diazochrome Materials

Although diazochrome materials are in some cases useful in the pro-
duction of color displays, they cannot be used easily or economically
when exposed to the restrictions delineated in the above paragraphs,

In order to produce a color display, for example, several sheets of
diazochrome, each carrying a separate color, would have to be register-
mounted in a sandwich type arrangement and projected in a conventional
projector or would have to be individually mounted and projected by
three projectors or by one projector fitted with special optics. In the
second case, the cost of necessary equipment is extremely high, and

in the first case, the technical problems are immense,

Discussions with representatives of diazochrome manufacturing firms
have indicated that perforated diazochrome material is not available

in 35 mm size except by special order for which the cost would be
prohibitive, Unperforated diazochrome material, however, would
dictate the use of laborious manual registration techniques which would,
at best, be only reasonably accurate. The problem of registration is
further complicated by the tendency of diazochrome material to stretch
while being conveyed through conventional processing machines, For
these reasons, all system avenues relying upon the use of diazochrome
materials were discarded.

f. TUtilization of Translucent or
Transparent Generator Outputs

Translucent (vellum) or transparent (acetate, plastic, etc., ) Generator
outputs were initially considered because of the fact that information
can be transferred onto photographic film from either of these through

a contact printing operation rather than through a photographic opera-
tion., It is apparent, however, that such contact printing not only
dictates the use of expensive 8'' x 10" sheet film, but also necessitates
the use of a subsequent photo-reduction step to product a display product
of desirable dimensions, For these reasons; all system avenues rely-
ing upon the use of translucent or transparent Generator outputs were
discarded,



‘4, REFINED AVENUE ELIMINATION

Upon.elimination from further consideration of the system paths
discussed in the preceding paragraphs, twelve avenues still remained,
Each of these was carefully scrutinized from the standpoint of technical
feasibility, and as a result, the following six avenues were discarded
for the reasons stated:

a. Avenue 312 was not retained because of the handling difficulty
in separating and collating the negative film frames after the
tinting process,

b. Avenue 315 was eliminated because of the fact that coloxr-
coupling film developers are expensive and not readlly
available,

c. Avenue 316 was discarded since the photo-polymer materials
required for use are still in the research and development
stage and are quite expensive, ' '

d. Avenue 318 was not retained since an identical display product
can be achieved more easily and in shorter time by means of
the procedure of Avenue 334

e, Avenue 321 was discarded summarily when it became evident
‘that Kalfax material cannot be toned as can ordinary film
positives,

f. Avenue 331 was eliminated for the reason that Polaroid
material is too unpredictable for high density 1nformat10n
loading,

5, DESCRIPTION OF REMAINING AVENUES

With the elimination of these system avenues, it was found that six
avenues remained for further consideration and that all of these were
members of the Synthetic Color class, They are illustrated in Figure
87. For each of these avenues, the original copy (or Generator output)
is identical and consists of three separate '"copies' - each containing
the symbolic information that will appear in a particular color on the
display product. The word '"copy' as used here may refer to a type-
written sheet of paper, an image on the face of a cathode ray tube, or
some other device which conveys information visually.

In Avenue 333, the three '"copies' are individually photographed onto
separate frames of black and white reversal film. FEach of the frames
is then photo-processed in reversal fashion and the resultant positive
film frames are mounted individually (or together if all three frames
appear side by side on the same piece of film). Finally, they are pro-
jected onto the viewing screen, through appropriate color filters, by
means of three separate projectors (or one specially constructed
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SYSTEM PATHS REMAINING AFTER ELIMINATION

Mount.

Photo-reduce (35 mm) & Process (3)

(B & W Reversal Film) §
. Toned Positives (3)

BLACK & WHITE

Project Additively

Mount in Register ——— Project Subtractively

OPAQUE .
ORIGINAL Step-Print Color Positive (1) & Process Non-Reversal Mount
(8 x 10)
/—V Step-Print Color Negative (1) & Process Reversal Mount
Photo-Reduce (35 mm) & Process (3) Mount
(B & W Negative Film) \
Print Positive Kalvar Mount

& Process (3)

iFigure 87. Remaining Avenues
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projector in the case of the three frames positioned in one mount). The
three separate colored images are added at the viewing screen to pro-
duce a three color display,

In Avenue 334, the photography is carried out in the same fashion as

in Avenue 333, The photo-processing, however, contains one additional
step in which a toner is applied to the film positive, thereby imparting -
color to it. Finally, the three toned frames are mounted in accurate
registration and projected subtractively upon the viewing screen, Such
subtractive projection is illustrated in Figure 88,

In Avenue 313, the black and white photography is again performed in
the same manner as in the two preceding avenues, but in this case, a
negative (or non-reversal) film is employed and the photo-process is
non-reversal, 'All of the three negative frames thus produced are
contact printed only only one frame of color film. (This technique

will be discussed in greater detail in subsequent paragraphs, ) Finally,
the color film undergoes rapid non-reversal photo-processing from
which it emerges as a single positive film transparency. This trans-
parency is mounted in ordinary fashion and projected onto the viewing
screen by means of a conventional 35 mm slide projector,

In Avenue 317, the entire procedure is the same as in Avenue 313, with
the exception that the color film is rapidly photo-processed in a reversal
fashion thereby generating a negative color image instead of a positive
one at the screen., : '

In Avenue 314, the procedure is identical to that in Avenue 333, except
that the non-reversal photo-process provides a negative color image

at the screen instead of a positive one, Here again, additive projection
is employed. ' ’ ' ’

In Avenue 322, the black and white photography and photo-processing
is performed in the same fashion as in Avenue 333, In this case,
however, the three negative frames thus produced are contact printed
onto Kalfax material which is rapidly processed in hot water or in a
hot air blast. The positive Kalfax frames are finally treated in
exactly the same way as were the resultant positive film frames of
Avenue 333, and additive projection is again employed.

6. SYSTEM TIME AND PRODUGCTION COST
ANALYSIS FOR REMAINING AVENUES

For each of the six technically sound avenues discussed above, an

estimate was made of the time required to perform all the relevant
operations and the cost of materials consumed in the various processes,
The curves depicted in Figures 89 and and 90 are based on these estimates.

Figure 89 represents a plot of system flow time versus volume of

display product. It should be observed that the system flow time does
not include the time required for the Generator to produce its output.
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SYNTHETIC COLOR —INTERIM SYSTEM OPERATION

SYSTEM
FLOW TIME
(HOURS)
. 35
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Figure 89. System Flow vs. Production

D13



SYNTHETIC COLOR-INTERIM SYSTEM OPERATION

300

COST OF
MATERIALS
(DOLLARS)

250

200

150

100

50

COST OF MATERIALS VS VOLUME OF PRODUCT

THREE ADDITIVELY PROJECTED KALFAX POSITIVES
PATH 322 «

THREE ADDITIVELY PROJECTED
FILM POSITIVES PATH 333

THREE ADDITIVELY
PROJECTED FILM
NEGATIVES PATH 314

SUBTRACTIVELY PROJECTED
TONED POSITIVES(THREE FILM

{ PROJECTED NEGATIVE COLOR TRANSPARENCY
PATH 317

Di4

CHIPS MOUNTED IN REGISTER) PATH334
PROJECTED POSITIVE COLOR TRANSPARENCY PATH313

0 1 1 | 1
024 60 120 240 360 480

DISPLAY END-PRODUCT VOLUME (UNITS)

Figure 90. Cost vs. Production

720



Since this time is identical for all avenues, the relative position of the
curves would be preserved upon its addition although the slope or steep-
ness of any given curve would not be preserved. In any case, however,
the generation time represents only a small fraction of the total system
flow time, As can be seen from these curves, avenue 334 requires the.
: least time while avenues 313 and 317 require next to the least timme and

- are almost identical, - "More will be said later in this paragraph con-
‘cerning technical C(msiderations which must be weighed prior to accept-
ing or rejecting any of these avenues,

Figure 90 represents a plot of cost of consumed materials versus
volume of display product but does not include the cost of operators'
time, As can be seen from the curves, the cost of consumed materials
for avenues 313 and 317 is identical and is less than that for any of the
other avenues. Here again, however, certam technical considerations
must be weighed,

The techmcal aspects that must still be conmdered fall into two dlstmct
categories, First, there is the matter of color film processing.
Second, there is the problem of additive or subtractive projection,

In four of the six avenues, three are depéndent upon additive projection
and one is dependent upon subtractive projection. As noted previously

in this section of the report, additive projection implies prohibitively
expensive equipment, In the case of specialized projectors or projectors
fitted with'special opt1cs designed to add the three projected images at
the sc,{ceen, the cost is on the order of 25, 000 per projector., While

" this type of projection equipment does indeed find application, it is
hardly advisable for incorporation into the NASA display system.

Subtractive projection technique, on the other hand, involves a problem
which is of a technical rather than a financial nature., That problem
is one of registration, In order that the color image on the viewing
screen be an accurate representation of the system information input,
it is necessary that the three product toned positives lie in correct
spatial relationship to one another in the slide mount, Unfortunately,
this cannot be done with accuracy unless the mounting operation is
performed manually since there are no mechanical devices available
to accomplish this, Such manual registration mounting is both time-
consuming and tedious, and the registration achieved at the screen is
strongly influenced by the diligence and perseverance of the individual
‘performing the mounting function,

In the two remaining avenues, a photographic processing step for color
film is required. Ordinarily this is a rather complicated and time -
consuming operation because of the general desire to reproduce on

film all the delicate gradations in color that are found in a given scene
—including skin tones which are most difficult to capture on film,

For the NASA display system,; however, the color reproduction require-
ments are far less severe. Here it is necessary only to produce a.
color equivalent of black and white line copy in which there is no over-
lapping of color or gradations of tone, In this case, much of the com-
plexity of the color processing is removed., Further simplification is
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obtained if the color film is processed in non-reversal fashion; that is,
if a color positive image on the viewing screen is deemed desirable.
Here, then, the final criterion for path selection is encountered. Since
a positive color image is more easily readable than is a negative color
image, and since generation of a positive color image implies the use
of non-reversal photo- proce351ng as opposed to the more comphcated
reversal photo-processing demanded by a negative color image, avenue
313 is recommended for use in the NASA display system, In addition,

a rapid non-reversal color photo-processing technique developed at
Ramo-Wooldridge is available for incorporation into the system, This
technique will significantly diminish the required color processing time.

7. .  DISPLAY SLIDE;: FORMAT AND
SCREEN IMAGES

In any visual presentation it is both desirable and necessary that dis-

- played information be presented in a clear and orderly fashion and the
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employment of well designed display formats (with appropriate symbols)
is the first requisite of an efficient transfer system. With this con-
sideration in mind, several tests to ascertain symbol size and density
(in relation to the projected image) were conducted at R-W, These
tests developed the facts that are presented below.

a) In a given screen size of six feet by seven feet (1/3 of the
total planned screen size) the maximum size of the displayed
character should be 1, 25 inches high; however, with appro-
priately chosen symbols this can be reduced to one inch in
height with an appropriate aspect ratio for the width,

b) Of the many type sizes projected, displayed, and studied,
three prove most acceptable to format generation, These
were Venus Medium Extended, Futura Medium Extended and
Friden's Commercial type face,

c) Symbols to be displayed (e. g., triangles, squares, etc. ) must
match the face ratios of the type face being used.

Generally speaking, then, the determination of the proper symbol size
for display presentation starts from the perceptual threshold for the
stimulus under consideration, For visual stimuli of normal contrast
the threshold is usually taken to be equivalent to a visual angle of 1’

of arc, The threshold is then multiplied by a '"field factor' which is
intended to weight the threshold to account for conditions in the working
environment which cause an increase in its value. These conditions
range from a decrease in contrast ratio at the display screen from that
of the laboratory setting in which the threshold was originally measured
to a lessening of the visual acuity requirements for the observers. The
choice of a field factor is an arbitrary one based on the quality of the
display and the environment in which it will be viewed,



In the R-W study of the NASA format requirements certain other factors

were also considered, These included:

a) A study of image .size in relation to the maximum viewing
distance (36 feet),

b) The use of color as a viewing aid,

c) Studies of appropriate color products (e, g., diazo color foils,

photographic color film, etc.)

d) Considerations to insure flexibility in the format generating

scheme (i. e., guarantee the fact that tabular data, Gantt
charts, curves and other types of display products could be
prepared efﬁc:.ently and mexpenswely)

;All of these criteria can be met in the proposed system; however, the
idetails of lens size and proper lightingsshould be re-examined in the
-.environment in which the system will be -used.

In summary, .suffice it to say that the formats detailed in other parts
of this report can be generated with little:difficulty.
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COLOR SLIDE GENERATION
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Figure 91, Implementation of Recommended System




