—

Approved For Rﬁase 2003/05/15 : CIA-RDP7SBO4747“3200010032-8 STAT

. Declass Review by
NIMA/DOD

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8




STAT Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8

Next 2 Page(s) In Document Exempt

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8



—_

Approved For R se 2003/05/15 : CIA-RDP78804747A‘20001%1}3@ (a-3014-1S0O

SPECIAL MAMBLING Sy Mo+

s V]
o A
) \Dﬂ

SPECIAL WANDLING

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8




STAT Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8



—

Approved For R#MIOW%%P?BBO4?47 00010Ma§-8 ‘

62- 814.150
GAMMA I & GAMMA II TRANFORMING PRINTERS |
. I. PROBOSAL DIGEST
' INTRODUCTION
STAT ' | hs pleased to submit the following proposal

for the design and mamufacture of tran#forming projection printers
. in quantities of one or more units.
We propose that the task be performed in two separate phasess
a. Design Plan - Phase I This phase will consist of the thor-
ough investigation and description of design approaches, and
the analysis and solution of all the presently indeterminate
optical parameters and problems, This phase will be com-
pleted in a period not in excess of six (6) weeks from date
of oontract. |
b. sign and Manufactgge - Phage II This phase will consist

. of the design and manufacture of an instrument either Gamma I

or II as defined herein in accordance with the design speci-
fications resulting from the Design Plan pha;e as approved.

If the evaluation and acceptance of the Design Plan is completed

in a period of three wesks from day of submittal, tﬁe project will be

completed nine (9) months from the date of contract.

Phase I

TAT will consider rectification of two general catagories of

tilted panoramic photography and all investigation in studies performed
under this phase, These two catagories of photography, designated\
Garma I and Gamma II photography respectively, have the following
characteristics,

1-1
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Input focal length
Input film format

Input film length

-Scan angle

Primary pitch

Pitch range

Maximum input resolution
Pitch and roll

Altitude

Gamma I Camma II
24 inches 36 inches

70mm (58mm format) 168mm (155mm format)

500 feet 500 feet
o o

70 70
o o

15 11.7

+ 0 + 0
Primary pitch -5 Primary pitch -5

200 1/mm 200 1/mm
+ 0 + O
-5 -5
Variable Variable

The studies and investigations shall be based on producing outputs

Format size

Output scale (at center
of format)

Resolution design goal

Auxiliary data to be
recorded

Roll
Yaw

Earth curvature

Pitch and roll
Panoramic sweep

Overall system accuracy

having the following characteristics:

full format (not segmented)

approximately 1.875X (Gamma I)
1.25X (Gamma II)

80 1/mm at nadir - no point on format less
than 50 1/mm measured at negative scale and
printed on high resolution film.

Data block contained on film

corrected as given
not given

compensated (for either of two nominal
flight altitudes)

compensated
compensated

The design will be such that a grid con-
structed in accordance with the input para-
nmeters shall be rectified such that no point
is displaced from its computed true position
by more than .01" using a nominal altitude,

1.2 : -
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C TANDLING

The design parameters mentioned are to be considered as the

. basic requirements of the printer. In addition to these require-
ments, the following conditions will be considered in the design
plan, |

a, Provide variable magnification (f .5%) with minimunm
resolution degradation.

b, Provision for accommodating pitch angles from -5° to 20°
(Gamma I only).

¢. Providing automatic determination of exposure requirements
for exposure control,

d. Providing maximum reliability, ease of maintenance and
construction economy through design simplicity (ineluding
use of one easel).

e. Automatic film transport for Both processed film and copy

® -  film.

® 1-3
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II, TECHNICAL CONSIDERATIONS

The technical considerations discussed in the following para-
graphs delineate the general parameters which influence or control
the design of the proposed rectifying printer, and include factual

descriptions of those designs, components, and techniques utilized

in the 9005 and 8075 which will be included in the proposed

instrument.

DESIGN CONSIDERATIONS

Assume that a vehicle using a panoramic sweep camera is flown
over a rectangular pattern on the ground with no compensation made
for "image motioh" due to vehicle velocity and altitude.  As the
rectangular pattern on the ground is recorded on the film, the
pattern image is distorted. The distorted pattern reflects the
change in X and Y scale as the scan approaches the borizon in
addition to the scale changes resulting from tipped photography.

The most effective means of removing the distortions is to
reinstate the basic camera motions and geometry in the transforming
projection printer so that the original photography, with its
inherent distortions, will be photographically transformed into
a central projection, which is near a vertical photograph of the
ground.

The basic geometrical concepts of tipped sweep photography
are followed throughout transforming printer optics. However,
the instrument must deal with finite image and objeot distances,
a requirement which imposes the following three conditionst

1. The lens system must remain centered at the center of

projection in order to maintain the proper ratio of
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longitudinal and transverse scale.

. 2, An axial element at any position must remain focused at
the corresponding position in the projection plane during
the scanning process. This is accomplished by scanning
the optical axis of the projection lens as a function of
the actual sean angle thus using the field of the lens
to bbtaih the image and conjugaté distances required to
fulfill the Newtonian equation.

3., In order to focus a complete line, such as that formed
primarily by the projection of a slit length on the easel,
and secondly by the slit width itself, the Scheimpflug
condition must be fulfilled. _

Withla tipped oblique photograph, the negative plane
aﬁd the ground plane (the easel plane in the printer) must

. intersect. If the plane of the lens is rotated about the

projection center of the lens until it too passes through

the intersestion of the negative and easel planes, the
Scheimpflug condition is fulfilled and a sharp image of
‘the negative is projected onto the easel.

Because the easel plane on the proposed instruments
is curved to approximate the earth's curvature in scale
and because the easel tip angle is variable over a range
of from 10-200, no finite value may be assigned to the
Scheimpflug lens angle, instead it must be an infinitely
varying quantity over some unknown range to compensate
for an infinite number of tip angles and positionson
curved easel conditions. In addition, the use of two

easel configurations places further variable conditlons

2-2
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on the Scheimpflug angle'requirements. The solution to
this problem requires a fairly substantial amount of
computer programming. We propose to perform this task
during the Design Plan phase of the contract.
Operationally, both films will remain fixed in position dnring
exposure while the processed film is being gscanned by a élit mountéd
integrally with a projection lamp, diffuser, and condenser lens on
an exposure arm. The light will be diffused and projected throug@
the slit and focused at the modal point of the projection lens,
After the image leaves the projection lens it will be reflected
from a front surface mirror onto the copy film easel. Scalar dis-
tortions introduced by the tipped panoramic photography will be
transformed during the reproduction operation; therefore, it will Be
possible to measure scalar distance directly on the copy film with-

out resorting to scale corrections. The transformation will be

TABLE OF COMPONENTS

The printer will consist of the following general compbnent
sections:

a. Main Assembly

b, Processed Film Transport System

¢. Copy Film Transport System

d. Sweep Mechanism System

e. Exposure Control System

f. Optical System

ge Control Panel

h, Electrical System

i, Frame

Jo Skins ” '
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| DESCRIPTION OF COMPONENTS

. Main Agsembly
' The main assembly will consist of all of the components

listed in the preceding paragraph. In addition, a desk type
safelight embodying an integral "ON-OFF" switch will bs
provided for the operator's convenience.

A convenience outlet wired for 115 volts A.C. will be
mounted on the base plate for the safelight connection, This
outlet will be "live™ when the instrument is connected to the line
power and will be unaffected by the main power switch.

Processed Film Transport Sygtem
The film transport system will be a simplified manual

gystem and will consist of the supply and take-up spindles, two

jdler rollers, a tension roller, a drag brake on the supply

‘ spindle and a hand crank on the take-up and supply spindle. In
addition to the above it will include a curved {ilm platen
designed to duplicate the relative position and curvaturé of the
Panoramnic Sweep Camera.
Co -inch) Film Trans System

The 9-inch film transport will be similar to the proc'essed

film transport with the following exceptionss |
1. Instead of the film platen a combination easel will be
pro¥ided. The easel will have trunnions at the ends of its long
axis and have two faces. One face will be shaped to a 91%
radius curvature; the other will have a 127' radius. It will be
possible to rotate the easel to select either of the two anticipated
gimulated earth curvatures.

‘ o 2. The curved easel surfaces will be provided with vacuum
grooves to hold the film flat. Each of the two easel faces will

AppTE H4F AT 2 A BLTTS ﬁqﬁ%ﬁgﬁ?&ﬁ%ﬁﬁ%ﬁ unp and
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accumuletor. Solenoid valves and switches will be provided so that

the vacuum system of the face in use may be activated while the
other remains inoperative.
3. The 9-inch film transport system will incorporate a means for
metering out the length of copy film required to print the complete
format of the negative image. This dovice will be designed so as to
maintain the spacing between copy fremes at the minimum distance
/consistent with prevention of overlapping copy exposures.
4. The take-up 8pool will be enclosed in a light tight cassette.
Syeep Mechanign System

The sweep system embodies a projectlon lamp housing, an exposure

arm, and a variable speed arm driye. The image distance varies from

ainimum at thé nadir point to maximum at either end of the easel,

This causes a light fall-off that increases from the nadir to either
. ~end of the easel, This inherent light fall-off is compensated for

by varying the angular velocity of the exposure arm and the projection

lamp voltage. Two variables are introduced by the driving wmechanism

to achieve a velocity curve which partially compensates for the

light fall-off curve. The arm is driven through its sweep by means

of a friction wheel located to give a peripheral drive motion to

the arm. A drive motor is connected to the friction wheel in such a

manner as to convert rotation to translation. The translation is

transmitted to the arm through a& sliding linkage which imparts angular

velocity to the arm. Because of the sliding linkage, the translation

force is applied tangentially at constantly varying arm radii, thus

varying the am's angular velocity so that velocity is minimum at the

ends of the sweep and maximum at the nadir position. In additlon to
' the velocity variation induced by the sliding linkage mechanism, another.

variable is induced by varying the projection lamp voltage. The drive

mechanism is coupled mechanically to a variable transformer which is
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connected to the projection lamp in such a manner that the position

of the arm determines the voltage. Voltage (and consequently light
. intensity) is maximum at the beginning of the sweep and deéreaaes to
#inidim at the nadir point. Here the traneformer references 1is
changed by automatic switching so that the Voltage increases to
maximum at the end of the sweep. The arm sweeps approxinately yoe
plus overtra¥el at each end. The overtravel allows a pre-determined
acceleration and deceleration rate before and after the exposure

cycle to reduce mechanical transient vibration.

2-6
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AUTOMATIC EXPOSURE DETERMINATION

The exposure control parameters are defined by the requirement
to print negatives of varying density to a standard uniform density.
Ttek has utilized this technique in previous printing instruments,
including the Signal Corps EN 71 Rectifying Projector Printer.

The actual control will.be accomplished by varying the pro-
jection light intensity, the scan velocity, or by a combination of
both of these procedures.

The mechanics of the control system will be developed so that
the setting of a single dial type control will adjust the light
and/or veloeity to the level required to print the copy.

A prerequisite for this system is to establish the manner in
whiéh control setting information is to be derived. Any particular
negative frame may be essentially homogeneous in density or may
have a number of areas of different densities., With an homogeneous‘
density negative, the exposure control technique is simply to print
it out to the standard density. Negatives with areas of varled
density, however, offer the possibility of two techniquess

1.) A representative number of different density areas may

be evaluated and these results intergrated to an average
negative density. The exposure control may then be set
P to the average and the printed copy will be printed to
f an average standard density (if evaluated in the same
manner).

2,) A significant area may be selected and evaluated. The

exposure control may then be set to the value of the

gselected area.

2.7
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The selected significant area of the copy will be printed to the standard
density with the remaining area densities varying relatively as on the
ﬁegative.

Our approach to the method of film evaluation and exposure control
setting is governed by the overall philesophy of simplicity and economy.
Exotic automatic systems which represent costly and time consuming design
and fabrication or involve sophisticated operator techniques have been
precluded from consideration.

For the density evaluation operation, we will provide a combination
inspection station-light source,positioned to illuminate the frame
following the one positioned in the projection platen. The light box
will contain fluorescent or iricandescent lights arranged to shine through
an opal or frosted glass plate. The glass plate will be the same size
as the frame format and will be located so that the film lies on it with
the backing side in contact with the glass. A Densichron Photometer
or equivilent with a Blue Meter Probe will be provided and the probe
will be mounted or stored so that the operator may place it over any .
portion of the film frame. The Densichron unit will be connected to
a log scale exposure meter which will be mounted in an area where the
operator may read it conveniently while he is probing the negative.

The exposure meter will be calibrated so that its scale reading represents
the negativg_densityo

Inclusion of the viewing-evaluating station will increase instru-
ment length about ten to twelve inches.

For the exposure control setting operation, a dial type exposure
control will be provided, this will be calibrated so that when the

exposure meter reading is set on the exposure control, the light

Approved For Release 2003/05/15 : @WRDP?meommGS
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intensity and/or scan speed will be adjusted to print a 0.6 density from
8 negative qf the selected density setting. In addition, a dummy exposure
control ideﬁtical to the actual exposure control will be mounted adjacent
to the actual. This will be ﬁtilized to record the evaluated density

and to retain the information untii_the operator is ready to make the

setting.

Approved For Release 2003/05/15’?3A-RDP§WOMW&M-8
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Optical System

The optical sysiem will consist of a light source, a slit, a film plane,
a projection lens, a front surface mirror, and an alternate surface 9" copy
film plane. The system will be arranged to give the required magnification
of the projected image at the £ilm nadir. The image will be folded, after
it passes through the pro jector lens, by means of the front surface mirror.
The folding operation will sexve to accommodate the long optical path in
a8 minimum of space.
Control Panel

As the GCamma - instrumentswill be essentially . manually operated
equipmentgcontrols will be at a minimum. The panel will contain a standby
switch for warmirgup the electronic components, a power switch, an exposure
control, an exposure meter, a sweep control switch and a vacuum switch,
Electrical System

The electrical system will consist of the sweep system switching
components, the Densichron electronic packages, the projection lamp power
source and the associated cables. and wiring.
Frame

The frame will be fabricated of aluminum alloy or steel structural
shapes to form a rigid unitized support for all of the instruments compon-
ents.,
Skins

The skins will be composed of metal sections with 1ntegr;1 fasteners,

and will be readily removable from the printer for maintenance or ad justment.
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Report

. At the completion of the des-igfx study and investigation
under Phase I, a report summarizing the results will be sub-
mitted to the Gontracting Officer. The report will prescht the
material in such a manner as to permit the Contracting Offieer
to select desired characteristics and, in those instances where
options have been investigated,all data including the effect of
the various option on cost, accuracy and complexity shall be
provided to I;ermit the Contracting Offieer to make valid
decisions.

Phase II will consist of the design and manufacture of the

equipment according to the technical section approved by the

Contracting Officer and based ﬁpon the cogt estimateé of those

items approved by the Contracting Officer.
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Copy #2
1 May 1962

/?e\t‘rsf;w (}-F [7],030/17’)

Gentleéan:

This letter proposal is submitted in reply to Government request
to re-evaluate the Gamma I proposal in accordance with the following
requirementss

a. Reduce the complexity of the instrument.

b. Inoorporate into the Design Study a study of the Delta III B

equipment.

6. Submit a budgetary cost for the simultaneous design and manu-

facture of simplified Gamma I and Delta III B instruments.

For the purposes of this proposal the revised Gamma I instrument
shall be designated as Gamma I-R and the modified Delta IIT B instru-
ment shall be designated Delta III B-Army.

Modifieation of the equipments encompasses the following exclu-
sions and revisionss |

a. Exoclude automatic film transports, exposure controls, integral

fabricated skins, leveling jacks, and casters.

b. Reduce the operational complexity in regard to centrally

| located switches and controls. |

c. Reduce the control wiring and capability,

The intent of the aforementioned modifications is to produce a

basic laboratory instrument designed for semi-automatic operation by

skilled operators.

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8
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This proposal contains the cost of the following three itemesl

’ 1. Design Study
A detailed cost analysis submitted on a CPFF basis., Thils
study to be common to Gamma I.R and Delta IIT B-Army.

2, Design and Mamfacture Gamma I-R
A budgetary cost estimate for the design and manufacture

of Garma I-R equipment.

3, Design and Manufacture Delta III B-Army

A budgetary cost estimate for the design and marufacture
of Delta III B-Army equipment.

I hope that the attached meets with your approval and that we

. may expect authorization to proceed in the very mnear future.

STAT

HAM :mk

Attachments &
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Technical Proposal

GAMMA I
TRANSFORMING PRINTER

APRIL 26, 1962

AN

SPECIAL HANDLING
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Approved For R
PP m I _TRANSFORMING PRINTER

PROPOSAL DIGEST

INTRODUCTION

is pleased to submit the following proposal for

the design and manufacture of a transforming projection printer, des-
ignated Gamma I, in quantities of one (1) and two (2) unito,

We propose that the task be performed in two separate phasess

a. Desipgn Plan - Phase I Thig phase will consist of the thor.

ough investigation and description of design approaches, and

the analysis and solution of all the presently indeterminate
optical parameters and problens, It is anticipated that this
rhase will be complsted in a period not in excess of six (6)
weeks. .

b. Design and Mamufacture - Phage II This phase will consist of
the design and manufacture of the Gamma I instrument/s in ac-
cordance with the design specifications resulting from the
Design Plan phase,

The separation of preliminary engineering and sciertific investi-
gations from the design and manufacturing phase, and the incorporation
of the investigation results into a Design Plan, will insure (especially
in the absence of detailed specifications) a "meeting of the minds" bew
tween eontractor and customer prior to the initiation of actual fabrioca-
tion, and thus preclude misundorstandings during the performanco period.
In line with thig philosophy, it is desirable that the customer sﬂ&ll
evaluate the Design Plan ang define all exceptions and objections prior
to aceeptance,

If the evaluation and acceptance of the Design Plan is completed

l-1
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in a period of three weeks from day of submittal, we feel that the

‘ project can be completed nine (9) months from the date of contract.

(Lao”-' 4 .
DESIGN PARAMETERS

Input Speecifications

a. Input foeal length

b Input film format

6. Input film length

d. Scan angle

8e Primary

f. Variable

g, Maxmum input resolution
h. Pitsch and roll

i. Yaw

OQutput Requirements

a. Rectifier output

b. Output seale

¢. Isometric magnification

d. Resolution design goal

g Data block

fs Corrections
Tip angle ()
Varisble tip (4 $)
Roll

Yaw

Earth curvature

1

"~ SPECIAL HARULING

Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8
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24 inches

70wmm (58-mm format)

500 feet
o

70
o

15

+ 0

-5

200 1/mm

given

not given

full format
approximately 1,875X
not to exceed 2X

80 1/mm at nadir
Printed

+]

15

+ g

corrected .as given
not given

two position adjustment
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f. Corrections (continued)
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Panoramic distortion sweep compensation
I.M.C. not compensated
g. Sweep time varlable 15 geconds to 360 seconds

h. Rectification error .
(based on above parameters) «01 inch
The above design parameters are to be considered as the bagic require-
ments of the printer. In addition to these requirements, the following con-
ditions will be considered either in this proposal or in the design plan.

Ve

a. Variable magnification - Sufficient to bring approximately 10 adja-

oent frames to the same secale.

b, Tip angle - from-So tozbZOo infinitely variable
¢, Exposure control

d. Earth curvature - single fixed curve on two-step adjustment

Items (a) Variable magnification and (b) Tip angle are of such a complex
nature as to exslude their enclosure within this proposal. These items will
be considered in detail in the Design Plan,

Items (¢) Exposure control and (d) Earth curvature are included in the

technical section of this proposal,

DESIGN OF THE GAMMA I PRINTER

The operating parameters of the Gamma I instrument are gimilar to those
of the[::::]9005 Indexing Rectifiers which were completed in 1960 and are
presently operational, "

[::::]proposea to utilize existing designs and mechanisms to the great-
est extent possible,

There are two significant differences in operating parameters between

the Gamma I and 9005 instruments whieh will require design changes of

R
‘-.'yZ }
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appreciable scope,
. The first difference is the requirement to increase the Gamma I magni-
fioation to approximately 1.875X as opposed to 1.4X for the 9005 instrument.,
Three design changes are necessary to meet this demand, they ares
a. The change in magnification necessitates the use of a lens different
from that used in the 9005 machines. Inquiry has dicclosed that
there are no lenses commercially available which will meet the re-

quired specifications; therefore, two courses of astion are avail-

able: First, the] |lens can be scaled up by the 25X1

manufacturer to the speeific requirement for a 400-mm £/9 lens.

This lens has the advantage of being quite reasonably priced; but,
the resolution capability is low, i.e. it approaches 50 1/mm. Due
to the requirements of the Gamma I system, this lens will not be

condidered initially.
S’l’ Secorid, |:|has the preliminary designs for, and will con-

struot a lens of suitable focal length and field angle. The STA

lens resolution capability will approach 80 1/mm., At present we

wlll consider the construction of this lens as the optimum choice

of action, The forecast completion date of the [:::]lens lies STA
comfortably within the proposed development pericd.

b. The change in magnification increases the size of the copy format.
To adapt for this change, we will re-design the copy film transport
gystem to increase the easel dimensions to accommodate 9-incﬁ copy
film. Concurrent with the design change to adapt for the larger
copy film, we will also simplify both the negative and copy film
transports to manually operated systems rather than the powered
automatic systems of the 9005 instruments.

l-

L
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¢s The increase in magnification also requires an increase in the
length of the optical path. The configuration and dimensions of
the optical path components will be revised to fulfill this re-
quirement.,

The second difference in operating parameters is the requirement that
the Garma I instrument have the capability to transform tipped photography
distortion,.

Whereas the 9005 instrument had the easel mounted in the vertical
position and fixed in place, the Gamma I easel will be tipped to a nominal
tip angle ($) of 15° with means provided to vary this angle : 50. The
easel will be curved to simulate earth curvature, subsequent evaluation will
disclose whether a fixed curvature or two distinct curvatures are required,

Should the two shapes be required, we will design either an adjustable face .

easel or an indexing easel with two film faces.

In addition to the above, it is necessary to tip the lens in order to
fulfill the Scheimpflug condition., We will tip the lens approximately 6o
at the nadir position and design the focusing cam mechanism so that the
Scheimpflug condition is fulfilled at eell pointé of the sweep for all
eagsel tip angles and for the two easel configurations if these are shown to
be requirsd,

Detalls of the proposed designs and re-designs are included in Sestion
II of this proposal. It is to be understood that all technical statements
contained in this proposal are somewhat flexible and are subject to changes

ocecurring from the results of the Design Plan phase.

The accuracy statement is eontaineéd in Addendum I to the proposal,
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II, TECHINICAL CONSIDERATIONS
The technical considerations discusssd in the following paragraphs
delinoate the genoral paranoters which influsnce or control the design

of the proposed Gamms T rectifying printer, and include fectual doscrip-

tions of thosge designg, compononts, and techniques utilized in the STAT

9005 and 8075 which i1l be ineluded in the Gamua I instrunsnt.

PRINCIPLES OF OPTICAL OPERATION-
Asgume that a vehicle uglng a panoramic sjeep camera is {lown over
a rectangular pattern on the ground with no compensation made oy “inage
motion® due to vehicle veloeity end altitude. As the rectangular
patiern on the ground ig recorded on the film, the patiern image is dis-
torted. The distorted pattern reflects the change in X and Y scale as the
scan approaches the horisen in addition to the acale changes resulting
£rom tipped photography.
The most effective means of rerioving the distortions is to reinstate
the basic camera motions and geonetry in the transforming projection printer
g0 that the original photography, with its inherent distortions, will be

photographically transformed into a central projoction, which is near a

vertical photograph of the ground,
| The basic goometrical concepts of tipped sweep photography are followed
throushout trengforming printer optics. However; the instrument mugt deal
with £inite image and object distances, a requirenent which impogeo the
following three conditionst
1. The lens syston must romein centered at the center of projectibn
in order to maintain the proper ratio of lonzitudinal and transverse

gcale,

2.1
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2, An axlal olement at any poglition wust remoin fochised at the

corresponding position in the projection plane during the
‘ scanning procees. Thig is accompliched by - scanning the
optical axis of the projoction lens as a function of the
actual scan angle thus using the ficld of %he lens to obtain
the image and conjugatec distances required to fulfill the
Neutonion equation.
For Gamma I photography wherc a projection lens of 400 wm \\

is usod, a secan anglo of 35° (half of full scan) requires that
the lens be uged at a maximum field angle of approximately
20,25° along the center line projection. Because the easel and
lens are tipped in accordance with the requirements of tipped \
panoramic photography, the field angle increages to approximately -
21,750 for the naxlmum off~axis element. The above conditions
hold for the use of a Zlat easelj but the Gamma I instrument

. will incorporate a curved eagel adjustable to two distinect
radii 91 and 127'. Thess conditions require that the maximun

field angles increase slightly.

3. In order to focus a corplete line, such as that formed primarily

by the projection of a slit lengih on the easel, and gecondly by
tho slit width itsslf, the Scheimpflug condition must be fulfilled,

With a tipped obligue photograph the negative plane and the
ground plare (the easel planc in tho printer) must intersect. If
the plane of tho lons is rotated sbout the projection center of the
lens until it too pagses through the intersection of the negativse
and eassl planes, tho Schelmpflug condition is fulfilled and a

sharp image of the negative is projected onto the easel.,

2-2
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Bocaucs the Gamnd I 36881 plons ic ourved 4o approximate
tho earth®’s curvature in scale and because the easel tip angle
is variable over a range of from 10-20% po finite value may
bs asgigned to ths Geheimpflug lens anzle, ingtoad it wust be
an infinitely varying quantity over soms unknovm range to
componsato for an infinito muber of tip angle and position
on curved cagoel conditions., In adaition, tho use of two
eacel configurations plases furthor variable conditions
on the Scheimpflug angle requircnonts. Tho solution to
this preblom rogquires a fairLy,substanﬁial'amount of computer
programming. We propose to perform this task during the
Doglzn Plan phaso of the contract,

Oporationally, both filus will renain £ixzod in posgition during
exposure whilé tha processed £ilm ig belns scanned by o slit mounted
integrally with a projection lamp, diffussr, ard condenser leng on
an oxpoourc arm. Ths light will be diffused and projected tarough
the slit and focussd 2t its nodal point of the projection lens. After
the image leaves the prejestion lens it will be roflected from a
front surface mirror onto tie copy f£ilm oasgel.

The propossd optical gystem will nagnify the image approximately
1.875X and resolve approximately 80 1/mm on the negative at the
nadir position.

PURPOSE AND USE

The Gamnn I instrumont will bo g proeigion optical instyrument
designed for safolighted dorkroon operation,

Photographic inforiation containsd oa 70 mm panoromic aerial
£ila will be onlarged, and roproduced on 97 copy film. Seeiap
diptortions introducod by the tipped panoramie photography will be

transforwod during the reproduction operstions tiorefore, it will hs

Approved For Release 2003/05+#5 : CIA-RDP78B04747A003200010032-8
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posaf ble to meacuM@Pgcalar digtancd divcsetly on :MPopy £ilm without

regorting to senle corroctlions. The trensformation will be 26GOLID=

lighed by utilizing the : STAT

OPERATIONAL CHARACTERISTICS
Tho Cemia I Printer will be a self-contained ingivurisnt utdiiging

optical, mechanical and eloctrieal couponants. Tho maJOWi vy ol the
operational functlions will bo porformed manually oy tho opszatorg
however, tho operation of tho scan arm will bo cemi-sutomobtic. Tho
instruiont will aceourodate 7O0nm procogsad £1lm on 500 L£t. spools
and 97 unprocesged copy £ilm on 500° 8poolg.

Thore will Do ceparate manval £ilm trangport gystomns for tho
input and output films.

A moans of ovaluating input £ilu and controlling exposure will
be included.

Tho ingtrument will ba cuited for oporation on 115 + 5V, 60 + 5
oyele A.C. Power conoumption irill bo appr@ximatoly 1 ,C00%,

TABLE. OF COMPONENTS

The printer will congich of the Zelloviin rencral cowponont
soctionss

a, Moin Aseendly

b, Procesced Film Troneport System

¢. Copy Film Transpor: Systen

d. Sucep Mochaniza Systea

¢. Exposure Control Systcm

f. Optieal Systaon

. Control Panal

2.  Eloctrical Systom

i, Framo

Je Shking
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DESCRIPTION OF COMPONENTS
Hnin Agesmbly

Tho wain assombly will consist of all of tho components

ligted in tho procoding paragraph. In additlon, a deok type
cafolight cuwbodying an intozral PON=OFF® siwitch will bo
provided for tho operator's convenience,

A convonienco outlet wired for 115 volis A.C. will bs
movrted on tho bags plate for the safelizht connoction. Thls
outlot will Be "live” when the instrwmont 1o comnectsd tr the line
power and will bo unaffectod by the main power switch.
Procogsed Film Transport Systen

Tho film transport system will be a simplified manuval
systom and will consist of the supply and teks-up spindlos, two
idlor rollers, a tenslon roller, a drag brake on the supply
spindlo and a hand crank on the take-up and supply spindle. In
additlon to the above it will ineludo a curved £ilm pleten

designod to duplicato thoe rslative position and curvature of the

Panoramic Sweop Cowora.

Copy {(9=-inch) Film Transport Syotom

The 9~inch £ilm {ransport will be gimilar to ths processed
fila tronsport with the following snceptionss
1. Instoad of the £ilm platen, a combinniion casel will has
pro¥ided. The sacel will have trumnlons at the onds of its long
axis and have two facoos, One facs will be shapod to a 919
radiug curvaturej the othor <will have a 127! radivs. It will be
possible to rotato the oasel to solect oithor of the two anticipated
gimulated earth curvotures,
2. The curved casel surfaces will be provided with vacuum

grooves to hold the £ilm flat. Each of the two eassol faces will

have 1t ovn vacuun plenunm connectod Yo a common vacuum puip and
Approved For Release 2003/05/15 : CIA-RDP78B04747A003200010032-8
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acowmlator. Solsnoid valves and switches will bs provided so that
tho vecuun gystem of the faso in use may be activated whilo the
other romaing inoperativo. |

3. The 9-inch £ilm trangport systom will incorporate a means for
motoring out the longth of copy f£ilm requirod teo print tho cowploto
format of tho nogative imago. This dovies will bs decigned so as to
naintain the spaecing botweon eopy frames at tho minimum Cistance

conolstent with prevontion of ovarlapping eopy exposures.

4. The tako-up gpool will bo enslosad in & light tight cassette.

Tho suvesp gyston enbodics a projestion lawmp houoing, an exposure
arm, and a variable specd am: drive, Tho image distance varies from
ninimwm at tht nadir point to maximum ad either end of the saesl.
This caucos a light fall-off that incroases fren the nadir to either
end of ths easel. This inkeront lisht falleoff ig compensated Loy
by varying tho anjular voloeity of the sxposure arn and the projection
lanp voltage. Two variobles are introdused by the driving mechaniam
to achnieve a volooity curve which partially comperisatos for ithe
light fall-off curve., The am ig driven throush its swesp by moans

of a friction vheel located to give a periphoral drive motion to

the arm. A drivc motor is connseiod to the fristion whesl in such a
nannor o8 to convort rotation to translation. The translation is
trangmitted to tho ara thr@u@h a eliding linkage wihleh inperts angular
velocity to tho arm. Besauso of the oliding linkagse, tho translation
forco ig applied tangontlally at constontly varying arm radii, thus
varying tho ara’s angular voloclity oo that veloecity ' is mininum at the
onds of tho swosp and maxinum at the nadip position. In addition teo

the volocity variation inducod by the sliding linkage wmochanism, another

variable is inducod by varying the projection lamp voltage. The drive

nashanicn 1s coupled nochanieally to a varioble tranafommor which is
CIA- BO4747A003200010032-8
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connoctod %o the Jection lamp in such o wonnor WL tho positien
of tho ara doteraines tho voltage. Voltase (ond consgaquently 1lijgat

intonslty) 1o maximum at tho bogiming of the swecp and decreaces to

Aindiit at tho nadir point, Hero the trancformor roforonsos is

changod by sutouatic switching so that the Vsltage inersnsos to
maglmen at the ond of the mwoop. Tho arm &wcops approxiintoly 109
plus ovortravel at each ond. The overtravol allows a pro-totermined

agceleration and deeoloration rato bofore and alfter tho OXPO FUre

cyele to roduco moshanieal tranglont vibration.

287
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EXPOSURE CONTROL SYSTEM

The exposure control parameters are defined by the requirement to
print negatives of varying density to a standard uniform density of 0.6.
Itek has utilized this technique in previous printing instruments,
including the Signal Corps EN71 ( ) Rectifying Projector Printer.

The actual control will be accomplished by varying the projection
light intensity, the scan velocity, or by a combination of both of these
procedures.

The mechanics of the control system will be developed so that the
settiﬁg of a single dial type coﬁtrol will adjust the light and/or
velocity to the level required to print the copy to approximately
0.6 density.

A prerequisite for this sttem is to establish the manner in which
control setting information is to be derived. Any particular negative
frame may be essentially homogeneous in density or may have a number of
areas of different densities., With an homogeneous density negative,
the exposure control technique is simply to print it out to the standard
density. Negatives with areas of varied density, however, offer the
possibility of two techniques:

1.) A representative number of different density areas may be
evaluated and these results intergrated to an average negative density.
The exposure control may then be set to tte average and the printed
copy will be printed to an average standard density (if evaluated in
the same manner).

2.) A significant area may be selected and evaluated, The

exposure control may then be set to the value of the selected area.

Approved For Release 2003/05/258 CIA@?FﬁﬁT?H‘%&%)ﬁ%om0032-8
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The selected significant arca of the copy will be printed to the standard
density with the remaining area densities varying relatively as on the
negative,

Our approach to the method of film evaluation and exposure control
setting is governed by the overall philosophy of simplicity and economy.
Exotic automatic systems which represent costly and time consuming design
and fabrication or involve sophisticated operator techniques have been
precluded from consideration. |

For the density evaluation operation, we will provide a combination
inspection station-light source, positioned to illuminate the frame
following the one positioned in the projection platen. The light box
will contain fluorescent or incandescent lights arranged to shine through
an opal or frosted glass plate. The glass plate will be the same size
as the frame format and will be located 8o’ that the film lies on it with
the backing side in contact with the glass. A Densichron Photometer
or equivilent with a Blue Meter probe will be provided ;nd the probe
will be mounted or stored so that the operator may place it over any
portion of the film frame. The Densichron unit will be connected to
a log scale exposure meter which will be mounted in an area where the
operator may read it conveniently while he is probing the negative.

The exposure meter will be calibrated so that its scale reading represents
the negative density,

Inclusion of the viewing-evaluating station will increase instru-
ment length about ten to twelve inches.

For the exposure control setting operation, a dial type exposure
control will be provided, this will be calibrated so that when the

exposure meter reading is set on the exposure control, the light

Approved For Release 2003/05/%9 CIA-RDP78B04747A003200010032-8
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intensity and/or scan speed will be adjusted to print a 0.6 density from
8 negative of the selected density setting. In addition, a dummy exposure
control identical to the actual exposure control will be mounted adjacent
to the actual. This will be utilized to record the evaluated demnsity

and to retain the information until the operator is ready to make the

setting.

2-10
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- switch for warmimgup the electronic components, a power switch, an exposure
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Optical System

The optical sysiem will consist of a light source, a slit, a film plane,
a projection lens, a front surface mirror, and an alternate surface 9" copy
film plane. The system will be arranged to give the required magnification
of the projected image at the film nadir. The image will be folded, after
it passes through the projector lens, by means of the front surface mirror.
The folding operation will serve to accommodate the long optical path in
8 minimum of space.
Control Panel

As the Gamma I instrument will be essentially a manually operated

equipment controls will be at a minimum. The panel will contain a standby

control, an exposure meter, a sweep control switch and a vacuum switch.

Electrical System

The electrical system will consist of the sweep system switching

components, the Densichron electronic packages, the projection lamp power
source and the associated cables and wiring.
Frame

The frame will be fabricated of aluminum alloy or steel structural
shapes to form a rigid unitized support for all of the i{nstruments compon-
ents,
Skins

The skins will be composed of metal sections witﬁ 1ntegt;1 fasteners,

and will be readily removable from the printer for maintenance or ad justment.
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CAMMA T TRANSFORMING PRINTER

ADDENDUM I

Photogrammetric Acsuracy

1% is indecd difficultglif not impossible, to predic:i the restitution
accuracy of a transformation printer such as the one proposed. Traditionally,
photogrammotric ingtruments have been tuilt to the required mechanical pre-
cislon to enable them to perform & spoeific job and to lie within & certzin
price range. They are then normally clagsgificed as firgt order, second order,
or third order instruments. The acecuracy then advertised is a result of
meagurements, testg, and subgequent adjustments. The similar geries of in-
struments cre manufaciured to the same pracigion and relative accuracy can
thon be gtated,

Photogrammetiric restifiors, on the cihor hand, are almoct always based

upon central projective trancformation and therefore the geometrie rigidity
can only be distorted Ly the lens distortion and the “unflatinesg® of the
negative and eagel plancs,

Aecuracy of the convontional rectifier ig aluost violly dependent upon
the settings of the various [reedous or srientation velues. Of the eight
required froadoms, five govern the geometris projestion and throe are fop
sharp imagery.

In the secanning reetifiers or trangforiing prinvers, “he accurasy of
the geometric reprojeetion ig dependant upon the distortions in the optical
system, the procision in the oriontation settings, how well ithe eagel nlans
fits the true object plene o geale, and primerily the gmocthness of oparation
of the wmochanieal scanning ecomponents,

The Gamme I printer, as progogced at thic tiwe will be limited to ‘hros

primary oriuntation settlings, The piteh xznd roll valucs aps given and the

s
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most eritical frecdom is therefore the orientatior of the negative in the
platen. The magnification is fixed and the lens focusing 18 cam corrected.
The gecmetric errors in the transformed print due to the combined image motion
and image motion compensation are rigidly predictable if the V/H factors and
the I.M.C. camera constants are known, The geomctric errors in the trang-
formed print due to an approximate earth curvature corrcetion ig rigidly
predictable provided that the true curvature for a certain flying height

and tip angle can be determined. Earth curvature correction and the errors
are baing studied in more detall as a full compongation for thig error resulig
in complex optical and mechesnical golutiong,

The proposed projcstion leng is to oe "relatively distorition frec® aco

cording to the designer, although high resocluticn and saoll digtortion is
not as optically compatible as one would 1like. Prgjostod leas distorticn
occurs only in the lengih of the scanning slit and therefore 1 not ag eritio
cal as the mechanical scan as far as the major pnoctograpnic deformations are
conecerned,

Film flatness is a problem faced in panoramic cemeras ag well as trang.
forming printcrs based on this reprojection prineiple. Bssauge of tnly, we
have had eovnsidereblo experience in sean and film positioning compenentg,

The problom ig considerably less in the printers as the sean specd is mueh
slower,

Film flatnegs iy of great geometrie luporiance whon using large optical
field angles. For inctance a vertleal deviation of the film plane where the
lens is belng used at a field angle of kSo ig reife@t@d by an equal magni-
tude error in imege ¢hift. In the scanning printer the lens angle ig dofined
in one dircetion by the clit width and film unflovness is negligible., In

the othsr direction the leng 18 being used at a modorate angle due to the

A.2
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optical conditions, but the totel angular field only scvarg the 70-mm £ilm
widtho

No error studies of the existing printers have beon made aveilable and
final photogrommetric assuracy can only be predicicd uoing available datas

A regent printer with a toisl scan of 140o and & wmagn.fisatien of 2X
wag checked by somparing the grid on a simulated nogative to tne photograph-
lecally enlarged print made on the ingstrument.

The check showed geomotrie restitution weil within the tolerance speeio-
fied for Gommez I. Tho wagnifisation difforences {rom ong 8ide of the scan
1o the other and across the film widih refloet any eorrore in film fletnoess,
lens distortion and instrument misallgnuent,

A summary of the eritical measurcmonts follewss

Nepative Print

[¢] ~C

0 %0 - 38,27 = 51,323 um 119,995

c o -

0" %o + 38,2 = 51,387 mm /@/6£ el

(o}
Avercge mognificetion over the sean ansle was 2.398X and 2,334K for . 37,2
- P »o oo - 1 v . .

and + 38.2° rewgpectively, The perceant2pge cnange in wegnification g negligia

vle,

o 4 0
lel) angle of 9 ~ at - 38 sean angle
{with T.M.C, surreciion)

Negative Pr ;ni
+X = 12,024 gm 42,586 mm
<X = 11,902 mm 32,761

Magnificution 2,710X and 2.752X showing negligible pereentage change,
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REMARKS:

These two copies of this proposal were handcarried
in to us today by one of the [ |representatives.

It is solicited.

NPIC-FM30(9-61)

Would you please log in and return.
vill be the evaluator.

sixty days.

t authorization will be
:ilities in possessionSTA
2 on a no-charge, non-
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This proposal is valid for a period of sixty days, after which

| | reserves the right to amend terms and conditions t;ereof.
If required, contractor is perfectly willing to supply contingent fee
statement and a certificate of current pricing data. ’

We are pleased to have been given. a chance to submit this proposal and
wish to assure you that we intend to exert our best efforts in the
performance of all the work requirements outlined herein.

Should you require any further information regarding this proposal, do not
hesitate to call on us. Please direct all inquiries regarding this subject

proposal to| [
L I

Yoz fanzalas
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