Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

- Norwalk, Connecticut

ENGINEERING & OPTICAL DIVISION \W THE PERKIN-ELMER CORPORATION

ENGINEERING REPORT NO. 5435

TFTLE: Final Report

Electronic Rectifier Study

COPYNO.__________ DATE: 2, 1959

PREPARED FOR:

STAT

PROJECT ENGINEER
CHIEF ENGINEER ¢
2
DIRECTOR OF ENGIN
STAT

Contributors: ' NUMBER OF PAGES 132 + wi

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

SECTION I

II

II1

TABLE OF CONTENTS

INTRODUCTION

GENERAL DISCUSSION OF PROBLEM

2.1
2.2

NN
S W

Aerial Photography Co

Rectification
2.2.2 Need for New Method of.

&ectification

Study Philosophy
Definition of Terms Used in This

‘Report

SOURCES OF DISTORTION

WWbwLwwLwwwww

W OoONONW S WN -

0

General

Tilt

Non-Planar Focal Surfaces -

Alr Refraction

Lens Distortion

Film Distortion

Motion of the Film During Exposure
Terrain Variations

Earth Curvature

Application to Mapping

METHODS OF ELECTRONIC RECTIFICATION

L odR S
W -

P
o wn

ENGINEERING REPORT NO. 5435

Image Transfer Techniques

Scanning

Resolution

$.3.1 Vertical Resolution

4.3.2 Horizontal Resolution

4.3.3 Resolution of Proposed
System

Aperture Distortion
Local Scale Variations
Component $Study

Page No.

N

& wN

10
14

14
14
16
17
17
17
17
18
18
21

22

22
24
26
27
27

30
31

32
35

PAGE 1

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

TABLE OF CONTENTS (Continued)

4.6.1 Cathode Ray Tubes
4,6.2 Light Modulators
4.6.3 Choice of Modulator
4.6.4 Closed-Loop CRT Spot Position-
ing Servo
4.6.5 Alternate Video Pickup
4.6.6 Tonal Range
4.6.7 Contrast Modification
4.6.8 Accuracy )
4.6.9 Testing of the Completed Rec-
tifier
4.6.10 Film for Recording Rectified
Photograph
v MECHANIZATION OF THE RECTIFIER
5.1 General System Block
. 5.2 Ideal Systenm
- 5.3 The Computer

’ 5.3.1 The High Speed Incremental
' Digital Computer
5.3.2 Radial Correction Computer

5.4 System Description - System I
5.5 Bystem II

VI RECOMMENDATIONS
@PPENDIX I MATHEMATICS OF DISTORTION AND RECTIFICATION
LIST OF SYMBOLS '

Distortions Due to Tilt and Swing
Distortions of the Panoramic Camera
Distortions Corrected About the Nadir
Distortions Corrected About the Prin-
cipal Point

5 Migscellaneous Distortions

ey

CORRECTION FOR RAPIDLY MOVING BOUNDARY LAYER

ENGINEERING REPORT NO. 5435

35
38
41

41
43

48
50

52
53
55
55

58
61

61
69

74
81

83
84
85
87
91
101

110
112

114

PAGE 11

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

TABLE OF CONTENTS (Continued)

FILM DISTORTION : 116

LENS DISTORTION 119
6 Other Applications of Rectification
Equations 124
ENGINEERING REPORT NO. 5435 PAGE iii

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

P“-s!re- No .

10
11
12
13
14

15

LIST OF FIGURES

GEOMETRY OF VERTICAL PHOTOGRAPH

GEOMBTRY OF THE TILTED PHOTOGRAPH

IMAGE DISPLACEMENT DUE 10 TILT

RELIEF DISPLACEMENT DUE TO ELEVATION ABQVE OR

BELOW DATUM PLANE

BARTH CURVATURE CORRECTION

ORDER OF SCANNING OF PICTURE ELEMENTS

A. LOSS OF VERTICAL RESOLUTION BY SCANNING APERTURE

OVERLAPPING EDGES OF IMAGE

B, LOS8 OF HORIZONTAL RESOLUTION RESULTING FROM
INSUFFICIENT BANDWIDTH TO REPRODUCE SQUARE WAVE

A. EXPARSION OF SCALE BY OVERLAPPING OF READ-IN

SCAN LINES

B. COMPRESSION OF SCALE BY SPACING OF READ-IN SCAN

LINES '

C. EFFECT OF APERTURE DISTORTION

BRIGHTNESS TRANSFER CHARACTERISTIC

THE CHARACTERISTIC CURVE

GENERALIZED BLOCK DIAGRAM SHOWING INFORMATION FLOW

IDEAL SYSTEM

ANALOG DIFFERENTIAL CORRECTION COMPUTER

BASIC ANALOG BLOCK Vj = '2 V
i
A. BASIC DIGITAL SERVO

3

ENGINEERING REPORT NO. 5435

Page No.

15

19
20

23
28

28
33

33
33
45
46
56
59
59

59

PAGE 1iv

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

16

17

18

19

20

21

22

26
27
28

LIST OF FIGURES (Contlnued)

B. SIN-COS CENERATOR
C. INTEGRATOR-SERVO COMBINATIONS

INCREMENTAL DIGITAL COMPUTER - Block Diagram for

Mechanization of

x' = _fx_or lnx' = ln fx -1 ln(fy2)
i 2
INCREMENTAL DIGITAL COMPUTER - Block Diagram for

Mechanization of

y' = f tan"! (y) or y = tan y'
(£) £ S 4

INCREMENTAL DIGITAL COMPUTER - Block Diagram for
Mechanization of Coordinate Transformation Equatipns

ANALOG RADIAL CORRECTION COMPUTER BLOCK DIAGRAM USING
OR = £(r) PHOTOFORMER MASK )

DIFFERENTIAL CORRECTION COORDINATE TRANSFORMER BLOCK
DIAGRAM

BLOCK DIAGRAM - ELECTRONIC RECTIFIER
RECTIFIED OBLIQUR PHOTOGRAPH

COORDINATE SYSTEM OF TILTED AND RECTIFIED PHOTO-
GRAPHS :

PITCH, ROLL COORDINATE TRANSFORMATION

65

67

68

72

73
79
80

86

87

RELATIONSHIP BETWBBN PITCH AND ROLL, AND TILT AND SWING 88

GEOMETRY OF THE PANORAMIC CAMERA
GEOMETRY OF ROTATING, TRANSLATING, ELIT-SCAN CAMERAS

GEOMETRY OF MOVING, TILTED, PANORAMIC CAMERA

ENGINEERING REPORT NO. 5435

92
93
97

PAGE v

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

29

30
31
32
33

35
36

Table 1

LIST OF FIGURES (Continued)

ONE MILE SQUARE GRID ON GROUND SHOWN AS TAREN BY
3" F. L. PANORAMIC CAMERA

EARTH CURVATURE AND AIR REFRACTION .
DISTORTION FOR REPRESENTATIVE NON-PLANAR PLATEN
DISTORTION DUE TO PLANE WINDOW

REFRACTION BY BOUNDARY LAYER

DISTORTION CURVES OF SOME REPRESENTATIVE AERIAL
LENSES '

DISTORTION FROM PRISM IN WINDOW OR LENS

TYPES OF LENS DISTORTION

RELATIVE MAGNITUDES Oi’ THE DIFFERENT TERMS OF THE
EARTH CURVATURE-ATR REFRACTION EQUATION

ENGINEERING REPORT NO. 5435

100
102
111
113
114

121.
123
123

109

PAGE vi

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




¢

v
iy

By

1852

iy

x"-i
',
&

i . :“ " s -3

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

SECTION I

INTRODUCTION

This study was carried out in an effort to develop improved methods of
rectifying aerial photographs. The main emphasis 18 on methods of using elgc-
-tronic teéhniques to achieve rectification of all significant distortions pres-
ent dn a photograph.

The areas studied were (1) the mathematics of rectification with special
attention to developing equations best suited to electronic computation tech-
niques, (2) the present methods of rectification and their disadvantages,

(3) the cbmponents and electronic techniques now available or likely to become
available in the near future which would be useful iu.the electronic recti-
fier, (4) the most iuitable method of mechanizing a rectifier and the operat-
ing parameters to be expected. _ |

The goals of the study appear to have been accomplished successfully., Al-
though requiring a aubstanc;al amount of engineerfhg development, the design
and construction of a high accuracy, high resolution, electronic rectifier ap~

pears feasible,

ENGINEERING REPORT NO. 5435 PAGE 1
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SECTION II -

GENERAL DISCUSSION OF PROBLEM

2.1 Aerial Photography

Aerial photographs are widely used as sources of information for mili-
Eary intelligence, mapmaking, road planning, forestry and hydrographié stud-

" ies, determination Qf storage pile lize or quantities of earth to be moved,
and many other applications. Probably the two most 1mpor£ant uses are intel-
ligence and mapmaking.,

When a photogrammetrist takes aerial photographs, he attempts to obtain a
point perspective whose central ray is truly vertical at the point of inter-
section with the ground. Unfortunatgly, this is never possible, although under
ideal conditions it may be closely qpproached. Under conditions likely to be
encountered by military aerial photographers, it may'be impossible to even come
cloielco th?rdesired conditions.

Many factors work against the photogrammetrist in his efforts to achieve
a vertical point perspective of the ground. With standard aerial cameras omne
of the most important factors is lack of verticality of the lens axis due to
motion of the aircraft and to lack of an accurate vertical reference. In some
cases such as tri-metrogon systems the lens axis is deliberately given a large
tilt to provide more ground coverage. Other errors are caused by lens distor-
tion, air refraction, and motion of the aircraft.during exposure. These will
be discussed more completely in Appendig I. For vertical pictures the entire

camera assembly is often mounted on a gyro-stabilized camera mount which ate

ENGINEERING REPORT NO. 5435 PAGE 2
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tempts to hold the camera vertical as the aircraft rolle and pitches. This
method is not entirely satisfactory even for vertical photographs mainly be-
cause this equipment 18 usually large and heavy. This often precludes its

use in the confines of the high performance aircraft needed for modern mil{i-

tary reconnaissance systems, It also corrects only one of the many errors

introduced into the photograph.

In an effort to obtain a more nearly correct vertical point perspective,
photogrammetrists rectify, or correct, the bhocograph. This report discusses
improved methods of rectification,

2.2 ARectification

An gerial photograph is a perspective view of the ground similar to what
would be seen by a human eye from a single point above the ground.

A map 18 an orthogonal view in which each detail is indicated as if
viewed from directly above it.

A tall object, such as a smokestack, will show as a circle anywhere on a
map but will show as a line of definite length on a photograph except at the
one point which ie vertieally below the aircraft,

A vertical photograph is an aerial photograph taken with the principal
axis (optical axis) vertical.,

The scale of a photograph is the ratio of distances on the photograph to
distances on the ground and on a theoretical vertical photograph is constant
at any point on the picture.

If a photograph does not have constant scale, it is said to be distorted
and should be rectified before use. Rectification may be considered as the

process in which a distorted pPhotograph 1s converted to a vertical, point

ENGINEERING REPORT NO. 5435 PAGE 3

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8



o

Gbriond

i)
18

i)

i i_-‘-. 3 .1' '

B

2

.

[

bni

b

P A.
W

YU

Y]

1

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN.-ELMER CORPORATION

perspective taken from the original'camera station. The scale will be constant
at any part of the photograph and will be equal to'ﬁhe focal length of the cam-
era divided by the altitude above the ground. ’

It 18 important that the geometric.properties of a perspective ‘view are
accurately preserved by the rectification process. A rectified photograph is
not a map. A

A rectified photograph as discussed in this report may be considered as
being the equivalent to a photograph taken from the same camera stat;on, through
a medium of uniform index of refraction, by a stationary camera having a
distortion-free lens, a known focal length, and vhose principal axis is truly
vertical.

In addition to meeting these conditions, it is desirable to modify the
picture to correct for the effects of the earth's curvature. In this teport
the earth's curvature adjustment will be considered to be included under the

term rectification.

2.2.1 Present Mechod§

The method now used to rectify aerial photographs is to project an
image of the photograph onto light-sensitive paper as is done in any stan-~
dard enlarger. In order to rectify the photograph, the negative, the
lens, the easel, or a combination of all three, are tilted.

The projection-type rectifiers suffer from many drawbacks. >They
only correct for the tilt of the photograph and not for the many other
sources of distortion. They are very large and unwieldy and require dif-
ferent projection lenses for each taking lens. As the tilt angle becomes

very large, the light rays hitting the paper at glancing incidence are

ENGINEERING REPORT NO. 5435 PAGE 4
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reflected instead of being absorbed ﬁhere they can expose the print.
They are not capable of the high accuracy that is required by advanced
photogrammetrists, nor can they yield the full resolution inherent in
the original film. In many cases a photograph with large tilt must be
rectified in two stages, each with its inherent loss of‘accuracy, reso-
lution, and time.

2.2.2 Need for NMew Method of Rectification

Because of the great advances in the state of the photogrammetric
art, accuracy and resolution are outstripping the cepabilities of the
present rectification process.

In recent years electronic techniques have made tremendous ad-
vances, especially in the communications and computer fields. Some
photogrammetrists have become interested in the great potential gains
that lie in a combining of photogrammetry and electronics. It was this
line of thinking that led to this study.

Some people have done work in this field, and the results have
been good. A feﬁ of these will be mentioned for background information.

U. V. Helava of the National Research Council, Canada, has ap~
plied an electronic computer to position the plates of a stereo plotter
to remove distortion as the plot is made. Others in Canada have made an
electronic stereo perception attachment for stereo plotters. This de-
vice randomly scans the stereo plates, subjects the output signals from
each plate to electronic correlation techniques, and positions the plotter
bﬁ a8 servomechanism to plot the contours.

Professor A. McNair of Cornell University uses digital electronic

computers to solve analytic aerotriangulation problems, and many people

ENGINEERING REPORT NO. 5435 PAGE 5
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are processing stereo-plotter outputs automatically with digital com-
puters. | |

The Fairchild Graphics Corporation, Syossett, New York, under a
contract with Rowme Air Development Center, is building an electronic
rectifier to remove tilt from serial photographs. This unit replaces
the conventional projection rectifier with one compact unit with no
need for changing lenses, since at a turn of a knob, any focal length
lens from 3 t§ 100 inches may be accommodated. In addition to rectify-
ing, this unit will enlarge or reduece by a factor of .3x to 3x.

The use of electronics in the han&ling of photogrammetric informa-
‘tion is a rapidly growing field. The conmventional plotters, rectifiers,
and other measuring instruments are optiqal and mechanical analogs requir-
ing large size and weiéht and present great manufacturing difficulties.

The use of electronic ‘techniques permits the use 6f & minimum of
mechanical parts, such as lead screws, ﬁhtch can be chosen during design
as those which may be easily made to high accuracy.

As more aﬁd more complex methods and vehicles are used to obtain
aerial photographs, the rectification problem becomes more and more dif-
ficult. Reconnaissance aircraft are flying at higher speeds and alti-
tudes. Photographs taken from satellites and missiles will cover larger
distances in one exposure, balloons may be used as camera vehicles, and
non-photographic imaging systems and special-type cameras may present
very distorted photographs. All these will require rectification which

can only be done by a new type of rectifier.

ENGINEERING REPORT NO. 5435 PAGE 6
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2.3 Study Philosophy

The aim of this study is to investigate, as thoroughly as possible, the
methods that could be used to design and build a versatile electronic rectie-
fier of high accuracy and roaolﬁtion. The tentative requirements of .0l%
geometric accuracy, 100 line pairs per millimeter resolution, 15 grey scale
tones of dynamic range, and 10-20 minutes' time of operation were established
as a goal. These areas were set down because they appeared to be reasonable
all-over goals for a device that would considerably ad&nnce the state of the
art of r;ctification. If no tentative limits were set excepﬁ to study for
the "best," the study could range far beyond the time and money afailable.

As an example, if several days were taken to rectify a photograph, a unit of

a few micron accuracy capability could be designed. This would be an imprac~
tical solution since the variables are not known to enough accuracy to justify
this precision and the time is not available if they were.

One goal of the study is to have a rectifier which is as versatile as
poslible and is adaptgble to future problems that may arise.

This dictétes the inpuf transducer (reading end) and the output trans-
ducer (writing end) do not contribute to the geometry of the picture but only
shift the reading and‘writing heads around, supply positional informationm,
image parts of the photograph, or supply density information. All of the
geometry must be handled in the computer section. The computer section will

rotate coordinate systems, vary coordinates and parameters, and solve all of

the geometry equations. Each distortion should be handled in a separate com-

puter block which is easily removable. In this way the unit can be modified

and further developed without major design changes.

ENGINEERING REPORT NO. 5438 PAGE 8
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Use of this type of system will permit modification, addition, or re-

G

placamenﬁ of computer blocks to sBolve new problems, If some as yet wnde-
signed cemera, with a different geometry than any new in uss should be

used, it would only be required to design a computer block to correct its
pictures, build the dblock, and plug it in. As an exsmple, it might be de-

o Gl

sired to map underwater obstructions or reefs near a beach, A computer

block to correct for the bending of the light rays as they pass from the
k "um to the air could be constructed and wsed in the rectiffer to correct
the\ goometry of the wnderwater photograph. :
This piiYesophy was followed throughout the study, and 1t {s recommended
that any ractiﬁe:j built as a result of this stwdly incorporate these prin-
ciples.

|
|
}
|
|
|
I
|
|

NOTE: Before reading section 3 it is sugpested that the reader who
is not familiar with photograrmetric terms study the definitions of
} 4 Paragraph 2.4 and the geometry of Figures 1 and 2.
2., Definition of Terms Used in This Report

DISTCRTION - Any doviation from & point perspective wWhose cenral
3 : . Twy is vertical. Distortion results in local varia-
= tions in the scale of the photograph.
* ALTITUDE (H) - The vertical distance from the datum plans being
. photographed to the interior perspective center of
$ the lens.
7§ CRAB The angle between the projection of the longitudinal
axis of the sircraft on the ground and its track.
j FIDUCIAL MARKS Four index marks which image on the film, The
A
_} ' ENGINEERING REPORT NO. 5435 PAGE 10
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FOCAL LENGTH (f)

__\

intersection of lines comecting opposite fMducial
marks defines the principal point and, in this re-
port, the coordinate origin of the wnrectified photo=-
graph,

The perpendicular distance from the film plane to the
interior paerspsctive center of the lens., This is
often referred to as ths calibratsd focal léngth and
18 80 chosen as to distribute the effect of lens
tﬁator;;ion over the useful field of the lens. The
principal distance is similar to the focal length

- and is used in place of f when measuring a photo-

graph which has been enlarged or redused. The
principal distance is equal to the product of the
focal length of the lens with which the photograph
was taken and the enlargement factor. If a photo-
graph taken with a G-inch focal length lens 1s en~

larged by a factor of two, its principal distance is,
12 inchses.

ISOCENTER (L) A point defined by the intersection of the planss de-
fined by a tilted photograph, a vertical photograph
taken from the same camera station with the same lens,
and the plane defined by the principal axis and ver-
tical (see Figure 2 ).

ISOLINE A line through the isocentsr and perpendicular to the
principal line, If only tilt i considered, the scale

ENGINEERING REPORT NO. 5435 PAGE 11
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A/

is constaat along this line and any line parallel to

coond

| it.
’E NADIR (N The poind at which the vertical line throuzh the par-
| spective center piercesfths ground or the photograph.
| ? OBLIQUE PHOTOGRAPH A photograph taken with the principsl axis intentionally

not vertical. Oblique photegraphs usuwally include
the horizon.

PRINCIPAL POINT (P) The point at which a line perpendicular to‘the photo-

‘/ < -‘ :

-graph- and through the interior perspective center

ey

pierces the photograph. On a vertical photograph the
nadir and the prinecipal peint coincide.

'i_;';!

PRINCIPAL AXIS The line cennecting the principal point and the in-

terior perspsctive centar.

PRINCIPAL LINE -The 1line, in the plane of the tilted photograph,
‘ comnecting the nadir with the principal point.
| 5 RECTIFICATICN The process of making the scale constant at every
E point on the photograph. See paga3 .
j SCALE The ratio of distance on the ground to a corresponding

distance on the photograph. Ths scale is nmunerically

,__,.
[EPE

equal to f/H. In this report local scale is used to
describe the scale at same point on & distorted photo-

ivned

graph as oppoged to the over-all scale which may be
changed by a simple enlarging process.

SWING (s) The angle at the principal point of a photograph
neasured clockwise from the +y axis to the prineipal

i&-;::' o

)
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line at the nadir, This definition is used throughout
this report becauwse it appears to be the most commonly
used. The +x axls can also be used as a starting point,
Tn this case the tilt equations, while maintaining the
same form, will have some slgn changes. Lither system
can be incorporated into the rectifier.

'fII.T ‘tz The angle at the perspective center between the prine-
vcipeﬂ. axie (photograph perpendicular) and the plumb
line. The direction of tilt is specified by the swing
angle, Sse Figure 2 '. In woerking with oblique
photographs, reference is often made to 'the true
depression angle, which is the angle between the true
harizon and the principal axis. This system 1s not
used here, but the simple conversion, tilt angle = 90° -
T.D.A., may be used to find the ti1t.

ENGINEERING REPORT NO. 5435 PAGE 13
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SECTION III

SOURCES OF DISTCRTION

3.1 GENERAL

- Any departure of the photograph ,'ﬁ'om, [ vert;icu i:oint perspective is
termed distortion. There are many sources of distertion, and most of thess
are present to some degreain every aerial photograph., Same distortions
are large enough to require cerrectien in every picture, and others are o ,
amall that they can always be neglected. A 1ist of distortien sources is
glven here, and each will be given a brief discussion. 4 detailed matho-
matical analysis of the various sources of distortion 1s given in Appenddx
I, and g em::on of magnitudes for typical conditiens is given.

Tilt,

Non-plamr' focal swrfaces.
Air refraction.

lens distortion.
Film distortion.

Motion of £ilm dwring exposure.
Earth curvature, )

Terrain variations.

The distortions discussed below are the most significant.
3.2 ™1t | '

The distortion due to tilt or lsck of verticallity of the principal
axls may be seen in Figure 3 as the dimplacements », and ‘.o A8 the
tilt angle becomes very large as in oblique photographs, tha diztortio;x
beccmes s0 large as to approach infinity at the horizon. The distértion

ENGINEERING REPORT NO. 5435 PAGE 14
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Figure 3
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due_u to tilt is very significant and is corrected with projection rec-
tifiers in present photogrammetric practice.

The tilt of & photograph is the maximm angle between the photo-
graph and the hq;'izontal plane, Ths direction of tilt is given by the
swing angle. Tpus the tilt and swing of a photograph specify the amownt
and direction of tilt. In figwre 3 the isocenter is the coordimate
origin, where the scale of both photographs 1s the ssme. The scale at
awpomtugd.venbys-s’—“—ﬁg-t—“;ﬁ . The scale changes aleng the prin-

cipallimbutremmcomtmtnongmumpemmcﬂutotha
principal line. The image displacements due to tilt are shown as b, ,
and S,_inthaﬁguremdmgimbyﬂneqmtiong

Note

£-u ¢
gin ¢t

that the rectified photograph becomes larger as u increases positively
and mller a8 u increases negatively.

This system of coordinates is not optimmm for the rectifier but is
shown here because it 18 easier to visualise than the selected system.

The tilt correctiens are more completely discussed on pg. 87 .

3.3 Non=planar Focal Surfaces

In order to achleve better resolution over a large field, the platens
of some cameras are made non~planar, usually &s surfeces of revolution
about the optical axis. This inmtroduces considerable radisl distertion.

A type of éamera that is being wsed frequently does not take a point
perspactive view but utilives a rotating prism to image & marrow strip of
the growd on the fiim, The £ilm usually moves at the image velocity and

ENGINEERING REPORT NO. 5435 PAGE 16
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the resulting photograph, which covers a field of 180°kher. to hor. is

affectively that which would be imaged by a lens en a cylindrical focal

surface, These camoras are usually referred to as panoramic cameras and

produce a very distorted image of an extremely wids field. (See Pg. 91 .)
In addition to these pwre photographic systems, there are & number

.of electroric systems, such as radar scannera, infrared sdanners, and TV

scanners, which produce distorted, wide angular coverage, photographlc

recerds. Many of these require rectification for most effective use. .

3.4 Air Refraction |

The density of the air, and as a result its index of refractisn, de-
creases as the altitude increases. Because of this, a light ray bends as
it travels from the ground to the lens, thus giving a radially distorted
image. (See Pg. 101 )

3.5 lans Distertion

A1 lenses distort the image somewhat although in modern cartographic
lenses this distortion is extremely small. Certain lenses have high dis-
tortion as a consequence of some other feature, such as better i1lwmina-
tion over a wide field. (See Pg, 118,)

3.6 Film Distortion

Film distortion is dus to film shrinkage during handling and storing.
Aerial films shnink at a different rate across the roll and along the roll,
giving rise to a radial distortion. (See Pg. 116 )

3.7 Motion of the Film During Exposure

Distortion 1s caused by translation or rotation of the flm during

exposure., During the exposure the aireraft is translating along and across
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the fusslage axis and may be rolling axd pitehing. These motions give rise
to camplex distortions of the photomph, especially in pancramic cameras
widch have relatively long expomwre times, (See Pg. 95 )
3.8 ZTerrain Variatiens .
Varistions in terrain hoight above or below the datum plins give ripe |
to displacements nfgthe images of the corresponding points on the Nim,
Figure L 11lustrates tids sitwation. If distances are to be determined
from the phstograph, the point A, whose positicnt on the datwn plane is re-
presented by A', showld sppear on the photograph at &' rather than a. The _;
distance a-a! is callod the relief displacement. The distance bob' 18 the
relief displacement for a point below the datum plane. |
Terrain varlations sbove the datun pline cawss a positive displacement
of the imkge pom, and variations below cause & negative displacemm
mgfmofdittoruonwinmtbe currectedbytln rectifier and
will not be discussed fwrther in this report.
3.9 Egth Cwvatwe
Hgh altitude, wide angle, merial photographs suffer From a fore-
shortening of radial distamses from the nadir because of the curvaturs of
the earth, |
In Figwre 5 the point Q appears an the tangent plams to the earth
as 1f 1t were st Q. The actual distance frem the madir is the are
length ¥-Q, but this appears on the £1lm as the distanse N-Q;.
There 18 no distorticnless way of transforming a spherical: swrface
to a plane. qummmmmmmmuumh
redial distances from the madir and agimuth agle correct., The point Q
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Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




o~
&4

S IS0 S S

N

bﬂ'g lE_:-', ‘-g V .iu o] ‘ P

T victd

pm e

KNP

.
4

B 7

14

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

-_,7 o
//"’ ’
a,
/'/ /
/
. / .
/
/
/
/ H
/
/
/‘I. /
/ " / !
l/v ',' !
/
/ /
Al
'/X\ﬂ /
\\\ / ’
. |
e/
/
/ Ground
/ ;
/ .\
,_A' v e eI et T _~$4.,....Y._
Patum Plane
®
: N B
RELIEF DISPLACEMENT DUE TO ELEVATION T
ABOVE OR BELOW DATUM PLANE
Figure 4
ENGINEERING REPORT NO. 5435 PAGE 19

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




)]

wi ¥.>’A~J

fsil

g-'_;'« # - l § =~

|
N )

£

o~

o ot

[,

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

Yy p
g ";:’;"‘ ) 4
: '// v
: // S/ .
Ve
\ \
K / i \
// / ! \ \
g a y \
F » ! , \\ \\
} Te \ \
/ ! 3
// [ \ )
f \ \
l 1
\ \
’ \
\
\ \
| ~ -
|
i e
i , . e
A
EARTH CURVATURE CORRECTION
Figure §
ENGINEERING REPORT NO. 5438 . PAGE 20

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




el

r
R

S

L DY
[

[

e cnomd

[

- '
[ |

(S

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

will be rectified to the position of Qp and @ will remain thg same, The
length N-Qy is made equal to the arc length N-Q,

This projection is often uwsed for raps end is termed .pola'r agimuthal .
equidistant projection, In this case the earth's pole ig replaced by the
nadir,

This is not the only approximetion that can be made and is not neces-
sarily the bost choleo for all systems. Almost any concsivable correct
fon could be made by the electromic rectifier. | -

Becase of the considerable mathematical and computer simplification
obtainable, earth curvatwre and air refraction corrections have been com-
bined in the derivation of Pg. 101 .

A1l of the distortions mentioned here and in Appendix I can be
corrected with the type of rectifler discussed in Sections 5.4 and 5.5 .

It may not be desirablé to include compute: blocks for all of these dis-
tortions since the errors dus to wnknowns, such as ;.nnemacy of t11t
determination or to inaccwracy of the rectifier 2teelf, may exceed the
error due to same of the smaller distertions.

3.10 Application to lapping
Ths end use of many rectified photographs is the preparation of maps.

Singe the spharical earth cannot be exactly representsd on a plans, the
map 18 deliberately distoxited to sums projection, such as Mercator, Gnomonice,
Lambort eonformal, or Polyconle,

After adding the camputer blocks required for the desired projection,
the electronic rectifier is well suited to canverting aerial photographs
direoctly to map projection. The rectifisr could also be adapted to con-
verting existing maps to othsr projections.
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SoCTION Iv

METHODS OF ELECTRONIC RECTIFICATION

L.l Inage Transfer Techniques
There 1s no practical method lmown to us with which to rectify an
entire Pho‘bo#aph to the accuracy we require (.01 %) in one exposure,
While most of the required corrections could be made by some form of

analog, such &8s projeciion on a sphere for earth cw-vature correction,

these methods are cumbersome and impratical.

Consideration was given to methods of projection printing of mmall
areas of the photograph cne at & time and positioning the center of each
sub-area in its proper location. A digital computer cowld be used to eal-
culate the position of éach sub-area gince the time required for each pp-
sitioning and exposure would be relatively long.

Each sub~area could be projected at an angle, as is done in conven-
tional rectifiers, to correct the distortions due to large t1lt angles.
Thus the large distortion sources, such as high tilte and panoramic dis-
tortion, would be corrected in each sub-area and small sources of dis-
Yortion, such as air refractlon, would only be corrected by proper posi-
tioning of the sub-area. |

Consideration wae glven to the use of image converter tubes to
transfer the sub-images. By the use of external electric fields, the
image could be warped to an approximation of the desired shape.

So many sub-arcas would be required to secure the required accuracy
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and Bo mmw difficultica would rrevent shaping the Sub-imagpes ani achiaving

proper exposure of eacl sub-Limage that all these mathods were dropped carly

Because we could 4{nd no suitable msthed of utilizing gub-images it

became apparent that Lhe picture would have to ba scarn

ed and renroduced
in & mamner similar to that used in

television systens,

This method makes usc of picturc elements, 1If a photographic or

printed image ie examingd very closely, it i

S found to consist of elomental
ereas of light and dar:.

These elenental areas are usg

the eys to yield an over-all pictwe. Ina photogzraph these olements are

camposed of grains of rilver and in a halftons e

ually integrated by

ngraving of fine placlk dots,
In the halftone each dot is equally black, but they differ in sige or 8pacing
2taile of the plcture, .
raa deterrines the overs
resolutdon of the plcturs,

in such a way as to represont tho tonal Q

The number
of dots used per wnit -

all information content or
The method to be uced in ¢}

1 electronic rectifier 1is to break the

picture down into a large muber of picture clements, each of which will be

some tone of grey, and reassemble the elements in a different geumetrics)

orientation to producse a rectified picture,

The elements will be transfeied from the reading end of the machine
to the Mg end by current pulses in an electrical circuit,

An electrical circuit can carry only one itam of information at a
time; andifmzwpnlseaareappliedtothe circuit at one time, ths

pulses will lose their identities and will be wdistingmshable at the oute
pnt end .

PAGE23
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If only a few elements are used to make up the picture, a separate
channel can be provided for each; and the entire picture can then be
transmitted simultaneously. For & system to transmit a photograph of even
very low resolution, the number of channels would be completely prohibitive.
The alternative is to employ one channel and transmit the elements in'time

sequence.

It i8 necessary to select a scanning method which examines each pic-
ture element in some orderly sequence. There are a great”nnmber of
scanning methods, both electronic and mechanicﬁl, utilizing many different
scanning patterns, which could be used. The method best suited to the
rectifier i8 lmovm as "uniform linear scanning” and is the scanning method
used by all Felevision systema in current use. This method 1s similar to
the action of the human eye when reading. The eye begins at the upper left
cornser of' & page and examines the information while moving to the right,

When the right edge of the page 1s reached, the eye quickly goes back to

the left edge and dovn one 1ine and begins reading again.

A television system works in a similar manner. The picture elements
lie in parallel lines. As the reading spot passes over each element, its
brightness is converted to an electrical signal and transmitted to the read-
out and where it is converted back to a light impulse.

The spot:proceeds across éach line and then starts on the next line,
thus covering each picture element in erder as shown by the numbered boxes
in Mgue 6 B. In a televisien system the entire frame must be covered 30
times per second to eliminate flicker and give the 1llusion of motion. We

ENGINEERING REPORT NO. 5435 PAGEZq,
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& Photographic Line Pairs

F

|

|
A

-{ BTV. Lines
4 : _!_

A. DIFFERENCE BETWEEN PHOTOGRAPHIC AND TELEVISION LINES

B. ORDER OF SCANNING OF PICTURE ELEMENTS

Figure 6
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have no such problem since the £ilm stores the information presented to it.

We can take as long as we want to scan each picture and still have a
complete photograph when we finish.

Uniforth linear scanning is best suited to this preblem for several
reasons. It offers the most economical (timewlse) method of covering rec-
tangular areas and is easy to generate either mechanically or electronically.
A spiral scan would be advantageous for the purely radial corrections, such
as earth curvature, lens distortion, or air refraction; but its advantage is
lost because of the non radial corrections, such as tilt, and because the
radial corrections are about two different axes. (ZEarth curvature and air
refraction are radial about the nadir, while lens distortion, film distor-
tion, and platen distortion are radial about the principal axis.) Much of
the discussion of line scanning systems follows from television practice
and may be referred to as a TV systenm. '

k.3 Resolution

In photography resolutien is usually discussed in terms of the number
of 1ines per millimeter and is stated as the maximum number of parallel
black and white bars which may just be discerned.

In television or facaimile the line made by one Sweep of the spot is
called a 1ine, It takes two sweeps of the TV spot to make one black and one
white line or one photographic line pair., (See Figure 6 A.) In this re-
port photographic resclution will be discussed as line pairs per mm and TV
or line scan resolution as lines per inch. When the word lines is used, it
meang TV lines,

The grain structure of photographic emulsions has a randem 6rientation‘,
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and, therefore, has the same resolution in any direction. This is not
true of linear scanning systems which have a different resolution in the
horizontal (along the line) and vertical (across the lines) directions.
L.3.1 The vertical resolution or resolution across the scanging lines may
be considerably less than the mmber of scanning lines. In the ideal case
the mmber of lines resolved may equal the mumber of scamning lines; and
in the worst case the resolution may be zero. Consider the situation
shown in Figure 7A. The object to be transmitted is a series of black
and whitemctangles (picture elements) equal in size to the scanning spot.
}If the scanning spot passes over each picturc 'elemexit, the pattern will be
transmitted as shown in (2). If the scanning spot passes over the boun-
daries between black and white as shown in (3), a continous grey pattern
will be transmitted as shown in (). |

Acturlly, of course, the picture to be transmitted is not an even
geametric pattern bt .a complex arrangement of various shapes. Experience
of the television industry has shown that bout 707 of the vertical plc-
ture elements are resolved. Wheeler and Loughrenl computad a theoretical
value of 70.7%, which experience has shown to be reasonable. The vertical
resolution may be taken as ry=KN=.7N" . Uhere ry= vertical resolution;
N = number of scan lines per inch.
L4.3.2 Horisontal Resolutlon

The horisontal resolutisn, or re"solution along the scanming lines, is
dependent on the bandwidth of the electromics.

As the scanning spot moves along the line, the density variations of

the photograph being scanned are converted to electrical gigpala, The
Wheeler, H.A., and Loughren, A. V., THE FINE STRUCTURE OF TELEVISION

IMAGES, PROC. IRE, 26:540 (May 1938),
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mmber of pleture elements that can be resolved per unit time is limited

R

by a number of voltage changes that can occur in this time. Figure 7B
shows a row of alternating black and white picture elements of scanning
spot size. The ideal video waveform {2) would require an infinite bandwidth
to reproduce. The sinusoidal signal (3) will yield seperate discerrible
picture elements, although it cannot produce sharply defined elements of
uniform tone as shown in (1). The sinusoidal waveform is usually used as
the basis of discussion in television practice and reproduces a picture

(1) as shown in (L). Assuming a sine wave signal each half cycle can re~

produce a black or a white element, thus Yielding two picture elements per
cycle.

The minimum bandwidth required is equal to 1/2 the mmber of picture
elements to be tranasmitted per unit time.

Where ry = horigontal resolution

2 f
rhz.—.—

v | £ = bandwidth |

v = yvelocity o_f scanning spot

It 1 desirable that the bandwidth of the video system be greater :

than ths minimum since higher harmonics will result in a closer approach

to 2 square wave and hence sharply defined bowndaries between black and
vwhite areas. This will improve the acuity of the rectified picture.
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Baldwin% work has shown that the resolution of a scarming system
can best be described, not by ths horizontal or vertical resolution
taken separately, but by the product of these, which is proportional
to tho total number of resolvable plcture elements.

Because we are not used to thinlkdng of resolution in terms of the
total number of picture elements per unit area, it is reasonable to
take the square root of this number as a figure of merit.

L.3.3 Resolution of Proposed System

The print out drum will rotate at about 3600 RPMor 60 RPS. If
we scan a 3" line on the wwectified photograph the 'scan velocity will
be approximately 3 x 60 = 180 I.P.S.

The bandwidth of the video section can be made at lesst 10° C.P.S.
using a glow modulator tube as an exposing light source. The horizontal

resolution ry, = 2 £ = 2 x 105 = 11,000 lines/inch.
v ISU

We will scan in the vertical direction at 5,000 scan lines/inch.
The vertical resolutionr = .7N = .7 x 5000 = 3500 lines/inch.

The average resolution capability = /11,000 x 3500 = 6,200
1ines/inch or 122 1ine pairs/mn.

It should be understood that this does not mean that the system will
regolve a resolution test chart with 122 line pair per mm but it is an

2 .
Baldwin, M., THE SUBJECTIVE SHARPNESS OF SIMULATED TELEVISION IMAGES,
PROC. IRE, 28(10):L458 (October 1940).
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1miication of the information transfer capability of the system,

The eystem should reproduce & test chart with somewbat more than
100 line pairs/mm in the horizental direction and semowhat less than
‘this in the vertical directdon.

This capability depends on the manner in which the spot crosscs
the test chart bars and no absolute figure can be stated.

L.k Aperture Distortion

- The resolution as indicated in imragraph L4.3.3 is reduced by
aperture distortion caused by the finite sigze of the scanning spot.
When .the spot erosses a picture element bwndé.ry, it gradually
occuples more and more of the element, giving rise to a gradually
increasing signal as shown in Figure 8C. The signal is proportional
to the element density only at the instant that the spot is com-
pletely superimposed.on the picture element. The same efi‘ect ocecurs
as the spot leaves the element, thus giving rise to a signal which
appears over a distance equal to three times the element aize. Thia
leads to a loss of horisontal resolution which in the extreme case
could reproduce the pattern of Figure 7B as a continuous grey tone.

The ideal solution wonl& be to make the width of the scanning

spot very small relative to the width of the resolution elements.
This is unfortunately not teclmically feasible with the size resolu-
tion elements being considered here. The losses due to aperture dis-
tortion can be largely correé_ted by suitable emphasizing the upper end
of the frequency band. If a ‘ﬁlter vwhose admittance vs. frequency

curve 1s the inverse of the curve of spot admittance, the aperture
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distortion will be corrected. This is standard TV practice and presents no
special problem.
4.5 Local Scale Variations

The images on the unrectified film must be stretched out or compressed
wvhen placed on the rectified film. There are two ways to accomplish this
in a scanning system.

One mathod 18 to vary the size of either the scanning spot or the
prfnting spot. If it is desired to increase the scale at some point by a
factor of 1 1/2, the size of the read-out spot could be made 1 1/2 times
as large as the read-in spot (assuming no over-all enlargement factor).

The size of the read-out spot would be varying rapidly as the scale varied
during each line scan.

It would not be practical in our case to vary the size of the reading
spot baecause this would cause the resolution of the system to vary as the
scale changed and because we are working with the smallest practical spot
obtainable.

It appears impractical to vary the size of the read-out spot during
the scanning of each line since the only method we know of to do this is
with a servo-controlled iris, which would be imaged on the film. The
servo system would have to have a frequency response considerably higher
than the line repetition rate which, in order fe complete the rectifica-
tion in & reasonable time, must be extremely high.

The other method available to us is to overlap or overspace the read-in
scan lines and maintain constant read-out line width. This is {llustrated
in Figure 8. 1If it is desired to increase the scale at ome point by a

factor of 1 1/2, each read-in line would overlap 1/2 of the last line while
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the information would be printed out with full line spacing. Where the
scale must be decreased (read-out compressed), the line spacing will be
made greater than the spot size. This results in a loss of the informa-
tion that lies in the spaces, and the method could not be used if it were
not for the fact that the reduction factor never exceeds 25%, In the ree-
tification of a tilted photograph, the information on one side of the
isoline (upper side, see Figure 2) must be stretched, and the information
on the other side (lower side) must be compressed.

As the tilt increases, both the compression and the stretching re-
quirement increase, When the tilt becomes large enough, the isoline no
longer 1ies on the unrectified photograph, and no further compression is
required.

Sinte the maximum compression that will be required is 25%, this means
that the spaces between lines will never exceed 1/4 of the spot diameter.
For 5000 line/inch scanning system the maximum theoretical spacing will
not execeed .00005. This figure {s somewhat meaningless since the spot
edges are not sharply defined and the instrument will not be capable of
positioning the spot with this accuracy.

The compression required to correct distortions other than that
due to tilt have negligible effect on line spacing.

The stretching process does not affect the vertical (across the lines)
resolution and the compression process has negligible effaect on it.

Variation of line spacing changes the scale in the vertical directionm.
Scale variations in the horizontal &1rection result when the read-in spot
is made to go slower or faster than read-out spot.

1f the read-in spot goes slower, the information that it covers or
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reads in a given time is spread out over a longer distaace on the output

film,

Stretching has no effect on horizontal resolutionm.

1f the teed-in spot goes faster than the read-out spot, compression
results. Compression does not affect the horizontal resolution as long as
sufficient bandwidth is provided to cover the higher frequencies that the l
spot will generate.
The line spacing and velocity variation method of locally changing
scale appears to best meet the requirements of this study.
4.6 Component_Study - .
A study of available or potentially available components that would be l
useful in thae electronic rectifier was undertaken. This work was most con-
cerned with three important components: cathode ray tubes to fead thg film,
light modulators to expose the rectified film, and suitable computer components. |
4.6.1 Cathode Ray Tubes
.Either the input or output end of the rectifier must be capable of
high speed, non-linear scanning involving very high accelerations. A
cathode ray tube used as a flying spot scanner provides an almost inertialess,
very bright, spot of light with which to read the film, The face of the CRT
is imaged on the film to be rectified and the spot of light positioned
vherever dasired, The amount of light seen by & photo-tube on the other

side of the film is a measure of the transparency of the picture element

1{1luminated by the spot at that instant. The spot of light can be pcsitioned
at much higher velocities and accelerations than can be utilized by other :

sections of the rectifier and provides a good choice for the read-in end.
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Unfortunately, there are several limitations to the use of a‘CRT for
this application. The two primary limitations are spot size and linearity.
To obtain a resolution of 100 lines pairs/mm, we require at least

5000 scan lines per inch. This requires a spot dismeter of .0002 inches.

This is beyond the capabilities of the tube manufacturers at this time but

- may be obtainable in the future. The solution to this problem is to pro-

ject a reduced image of the tube face onto the film, While this reduces
the size of the spot, it also reduces the usable size of the tube.

The best linearity that can be expected is about 0.1%, and this re-
quires great care. All of the tubes suitable for this application are
magnetically focussed and deflected. To obtain 0.1% linearity, the yokes
and focuasing coils must be of the highest precision and usually must be
custom designed for the application. Since the deflection sensivitity
depends on the accelerating voltage, the power supply for this voltage
(20,000 to 30,000V) must be regulated at least 0.1%. The tube must even
be protected from the effects of the earth's magnetic field. The de-
flection currents would be obtained in a closed loop system.

In spite of these difficulties, 0.1% linearity appears to be ob-
tainable in a practical system. A number of manufacturers have or can
build tubes that would be applicable to this prohlem.

Dumont has a 5", magnetically focussed and deflected, .00lin.spot
size tube available from stock at $300 called the K1725-P15 or K1725-P16.
In @ short time it will be available in 3" and 7" dia.

CBS-Hytron has a 5", magnetically focussed and deflected, 0.7 mil

spot size tube available from stock. The cost is about $5,600 at present,

3435 PAGE®",

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

but they expect to reduce this considerably. This tube is designated
5BYP5. They also can supply on special order a similar tube with .0005in.
spot size. This tube i3 soon to become a shelf item and will cost about
$2,000. CBS says that they could build for us a 10" dia. tube with 0.5
mil spot size if desired. CBS claims & corrected circuit linearity of
0.1%, but as mentioned previously this 13 somewhat difficult to obtain.

Litton Industries stated that they would be interested in bullding
a 7" dia. tube and yoke package with 15,000 line resolution and 0.1%
linearity. As an example of what could be done with one of these tubes,
we can consider the Litton Industries proposal. They feel that a 15,000
lines, 0.1% linearity, 7' diameter tube can built go order for us,

This tube face would be imaged onto the film to be rectified with a
magnification of 3/7X. This would j@éld 5,000 scan lines per inch and a
3" dia. useful area on the film, The maximum excursion of the spot
would be 1 1/2 inches, and 0.1%7 of this is .0015. inches. The contribution
of the spot-position error to this system would then be only .0015 inchei,

vhich 18 about the accuracy we require.

From this we see that presently available CRT's are suitable for this

job, although the .0015 inch figure is a bit optimistic.

A CRT could be imaged on the unexposed film and used as a read-out
device. The scan would be supplied by sawtooth deflecting voltages, which
would also be the inputs to the computer. The spot would be intensity
modulated to expose the film to the proper density. Unfortunately, the
CRT suffers from lidited dynamic range because of phosphor limitations anq

halation effects at the face plate.

ENGINEERING REPORT NO. 9435 PAGE 3 7

Sanitized Copy.Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

A tube which is large enough to cover a reasonable area of the
rectified film would be extremely large, and non-linearity would cause
very large positional errors on the film. If the film were covered, small
area x small area, we would have problems with overlapping of lines with
consequent loss of resolution.

Since only one end need have the capability of high accelerations and
non-linear scanning and this capability is the only reason for using a CRT,
it would be inadvisable to use one at each end.

4.6.2 Light Modulators

The video signal, after modification for the film characteristics and
gamma corrections, must be converted from an electrical signal to light.
This light, when imaged as a small spot on the film, exposes each picture
elemént to produce the rectifizd photograph.

The light source must have a reasonably linear light output with
variations in signal voltage, must produce suffieient light to expose the
filﬁ at the extremely short exposure times used. Several available light
modulators have been investigated.
4.6.2.1 Glow Modulator

The glow modulator or crater lamp is the simplest and cheapest light
modulator available. These cold cathode, gas ionization, light modulating
tubes are small, simple, inexpensive, and easily replaced when worn out.

A tube which appears to be suitable for application here is the Sylvania
R1168. fbis tube has a .015 inch dia. crater with a light output of .023 CP
and brightness of 132 candles/square inch. These values can be increased

by overdriving at the expense of losing some of the 150 hour rated average
life., The upper frequency limit is one megacycle at vhich point the output

is 3 db down. The device has fairly good linearity of light output vs. input
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current. The frequency limit can be substantially increased, and the
linearity corrected by the use of a closed~loop fcedback system, which
monitors the actual light cutput of the tube.

It appears that this tube will meet the rectifier requirements for
all films except the very aslow, high resolution films,
4.6.2.2 The Ultrasonic Light Modulator

The ultrasonic light modulator, mznufactured bv the_?airchild Camera
and Instrument Company, 'takes advantage of the defraction of light at
ultrasonic mavefronts. The ULM consists of a rectangular glass box, filled
with liquid, and having a piezoelectric transducer immersed in the liquid
at one end. Collimated light from the source passzs through the cell and
is then focussed on a sﬁop which prevents it from reaching the £film. When
a signal 1is applied to the crystal, ultrasonic wave fronts are caused to
travel through the tube at the velocity 6f sound in the liquid, Defraction
at the wavefronts causes light to pass the stop and expose the film. The
principles of operation are more thoroughly discussed ig a paper by Leyia.
The ULM has an upper fraquency limit of over 10 megacycles, a dynamic range

of over 200 to 1 and very good linearity of light transmission vs applied

voltage.

One feature of the ULM is both an advantage and a disadvantage. In use

{a highly demagnified image of the cell 1is projected onto the film to be ex-

posed. VWhen the signal 4s applied to the cell, the image of one element

moves along the image of the cell. To pravent this from becoming a blur,

3
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a rotating prism must be placed in the path between the cell and the film,

This prism is arvanged to compensate for the motion of the clement through

the cell, The rotating prism is, of course, an added camplexity unless such

a prism Is required to obtain a line scan a3 is done in the system de3-
cribed in 32ction 5.5, page 81.

An advantage of this feature is that the element {5 exposing the film
for the entire time it i3 passing through the cell. With high frequency
signals ard slow film, this could bc of considerable 1mportancg. With a
device such as a Kerr cell or glow tube, recording at 2 megacycles, the
ekposure time is about 1/4 microsecond, but with the ULM the e2xposure time
is the time required for a sound wave to travel the length of the cell.
This mey be in the order of 40 microseconds, vhich is a gain in exposure
time of aboﬁt 160 times.

Since the light source is external to the UL, almost any brightness
desired may be obtained through the wse of a large lamp or even an arec
light,
4.6.2.3 The Rerr Cell

The Kerr cell manufactured by Svenska AB Gasaccumulator of Stockholm,

Sweden, is a small, tvansparent, liquid, filled cell with two electrodes

immersed in the liquid. Polarized light from an cxternal source is passed

between the electrode plates. A Righ voltage applied to the plates
cauges rotation of the plane of polarization of the cell; and if enough

voltage 1s applied, extinction takes place.a

4 For a more detailed discussion, see, for exampla, Robert W. Wood,

PHYSICAL OPTICS, The Macmillen Company, MNew York.
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The above-mentioned cell is about 1 1/2 inches in diameter, has a lmn
spacing between plates, and can be modulated up to about 12 megacycles.

One disadvantage to the Kerr cell 1s the high operating voltage re-
quired. A modulating voltage of several thous. volts is needed.

The cell transmission 1is quite non-linear and would have to be used
wvith a non-linear amplifier or & closed-loop feedback circuit. As much
light as desired can be obtained since the light source i{s external to
the cell. The Kerr cell is relatively inexpensive.

4.6.3 Choice of Modulator

Of the three modulators discussed, the giow tube is the most desirable,
being very simple and very inexpensive, If the film to be used is too slow
to be exposed by the glow tube, the Kerr cell would be the best choice be-
cause it is considerable cheaper and less complex than the ULM.

4.6.4 Closed-Loop CRT Spot_?opifioning Servo

In Section 4.6.1 the CRT was discussed and its adfnntages as a source
of an inertialess spot of light pointed out. The main disadvantage of the
CRT 1s its linearity limitation of about .1% under ideal conditions. For
most applications this is very good, but for the rectifier it is unsatis-
factory except when only a small image of the tube face i3 used, |

One approach to solving the linearity problem is to use a closed-loop
spot positioning servo system. In a system of this type some of the light
from the spot would be imaged onto ceode piates, The code plates, one for
horizontal and one for vertical, could be either digital or a simple grid
pattern. If a digital or pulse code were the computer output, it could be
compared with the present address of the spot and an error signal generated

wvhich would drive the spot to the correct address.
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Hoover5

describes such a system as part of an information store. Hoover's
device i3 in operation and can change its address 1 spot position imn .8
microseconds. If a closed-loop system were developed for the.electromic
rectifier, one of the greatest blocks to increased accuracy would be over-
come. I1f a CRT-rotating drum system similar to that described in Section
but with spot position feedback, were constructed using an 18 inch dia.,
2500 line/inch, CRT, we could scan the full width of a 9" photograph at
100 line pair/mm resolution. A spot position accuracy of .0005 inches on
the photograph could probably be achieved, and the speed of rectification
could be increased because the full width of the unrectified photograph
would be scanned onee for each resolution of the drum.

The design of a suitable spot servo system would require an extaensive
development program. It is not recommended that this feature be under-
taken for the first rectifier which, being a completely new type of system,
will require so much development of its own. After an electronic rectifier
has been constructed, tested, and evaluated, i_decision should be made, ﬁased
on the results obtai;ed, a8 to whether or not the higher accuracy which
could probably be obtained with a spot position serve would justify the
additional cost and complexity.

1f it does appear to be justified, consideringvthc inaccuracies in the
determination of tilt, cltithde, etc., a program could be undertaken to
develop a spot position servo which, if possible, would be adaptable to the

then existing rectifier.

3 Hoover, C, W., Jr., R. E, Staechler and R. W. Ketchlédge, FUNDAMENTAL CONCEPTS

IN DESIGN OF THE FLYING SPOT STORE, Bell Telephone System, Monograph 3135.
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After evaluating this system, & final rectifier could be designed
utilizing all the lnovledge gained from testing the first model. It does
not nppeir advisable to undertake the development of a spot position servo
actuated rectifier as the first design.

4.6.5 Alternate Video Pickup

By replacing the flying spot scanner with a Vidicon tube, we could
eliminate the photomultiplier, the condensing optics, and the constant
intensity feedback c¢ ircuitry.

Unfortunately no tubes that would meet the requirements are available,
A Vidicon that might be considered here 1s the RCA 6326. This unit has a
600 line resolution and a .62 inch diametar mosaic. To achieve 5000
1ine/inch resolution, the photograph would have to be imaged on the mosaic
at a8 magnification of 5000/600, or 8.4 times. The largest square that will

~fit: the .62 diameter mosaic is .44 x .44 inches. The largest area of the
photograph that could be covered at a time 1s .44/8.4, or .05 x .05 inches.

The Vidicon has a high inharent signal-to-noise ratio, but for uniform
illuminatfon of the mosaic the output currxent may vary as much as 1007 as
different areas of the mosaic are seanmed. This problem also exists
with the CRT because of phosphor variations, but it can be corrected as
discussed in Section 5.4 , Another problem of the Vidicon is that the
output current varies with the valocity of the acanning electron beam.
Since ouzr beanm velocity must vary as the scale varies, this will distort
the tonal characteristics of the rectified photograph.

The Vidicon has a limited tonal range. Under ordinary conditions about
10 grey scale tones may be expected. Under ideal conditions this could be

extended to about 15 tonas,

It appears that the flying spot scanner offers a better solution than
the Vidicon,
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4.6.6 Tonal Range

One of the most important characteristics of a photographic reproduction
system is its tonal gradation capabilities.

Ideally the system should be c#pable of a linear brightness transfer
characteristic., TFigure 9 is a plot of input brightness vs. output
brightness or brightness transfer characteristic. This is usually plotted
on log-log coordinates since, according to the Weber-Fechner law, the visual
sensation induced by brightness varies as the log of the brightness.

Equal distances along the axis represent equal changes im visual
sensation, If the curve is straight and has A slope of unity (curve 4), the
gsystem is distortionless since the contrast ratio, or ratio of maximum to
minimum brightness, remains unchanged. A unity slope which does not pass
through 0-0 has the effect of brightning or darkening the output without
changing its contrast ratio, and it may be comparad to a neutral density
filter in an opticgl system, Uniform brightness distortiom, or changing
sl;pe of the curva (curve B), alters the contrast ratio of output with respeét
‘to input and may be compared with changing the ''gamma'’ of a photograph.

If the chnractéristic is curved (curve C), it has non-uniform brightness
distortion,

These curves sre often plotted for a photographic emulsion as shown in
Figure 10 and are called H and D curves.

The straight line portion of the curve is usually used, thus yielding &
uniform brightness characteristic. The slope of this curve is called the
"gauma" (Y ) of the film., A film with a ¥ of one maintains the same

contract as the original sceme (with the straight line portion of the curve).

5433
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From Kodak Films, Kodak Pub., No. F-1
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A Y of one is not alwvays desirable. When photographing a low contrast
scene, such as encountered in aerial photography, a ¥ greater than one en-
hances the contrast. A few of the fundamental photographic relationships are

given here and are shown in Figure 10.

Let I = Intensity of incident light.
i = Intensity of transmitted light
T = Transparency.
0 = Opacity.
D = Density
'1‘=_% band0=-_}_ then 0 x T =1

Density is defined as

D=103_I_=_1§30= -log T

Vs

From this it follows that a film with a density of 1 will tranesmit 1/10
of the imcident light, a density of 2 will tranasmit 1/100 of the in¢ident
light, etc.:

The unrectified negative will be scanned with a spot of light of constant
brightness. The light passing through the nagative i{s proportional to the_
transparency; and, since the photomultiplier has & linear light input vs.
output current charscteristic, the output curreant will be proportiongl to
the transparency of the negative,

If we wish to make & rectified negative from which positive prints can
be made, the transparency of the rectified picture must be equal to the
transparency of the corresporniding picture element on the unrectified picture.
Actually, the transparencies will not always be equal since as discussed in

Section 4.6.7 we do not always wish to have a linear, one for ome, transfer
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characteristic; but they will be called equal here since that is the zero
setting of the contrast controls.
T. = Transparency of unrectified photo.

1
T2

Transparency of rectified photo.
E = Exposure,
'1‘1 = Ty for no contrast modification.

D, = K103E2= logl = legl

Ty Ty

1f we wish to get a positive rectified picture T1 = 0y =

< Liad

log 1

T,

log Ty = ¥ log E,

1/x'

This is equivalent to a contact print; if the & is one, the ex-

posure required is directly proportional to the transparency of the unrectified

picture.
If the ¥ 1ig taken as the slope of the transfer characteristic of the

entire system including the film, we see that for a ¥ of 1, Ey = K for a
. T

1
negative and Eg = KTI for a positive. Thus the video amplifier must
generate a hyparbolic‘function of the 1§put or a linear function of the input
:depending on vhether we vant a negative er a poaitiQe picture. Actually
all of the components of the train will not be linear. The film, of course,
is non-linear; and the output light transducer is non-linear.

The video amplifier will be tailored to give an over-all linear

characteristic which can be modified as desired.

4.6.7 Contrast Modification

PAGE 48
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It may appear that the rectifier should have a uniform brightness trans-
fer characteristic passing through the origin, thus yielding a rectified
photograph with the same brightness and tonal characteristics as the
original. This will sometimes be so, although it frequently will not.

For the reason discussed below, the over-all rectifier--film transf;r
characteristic should be adjustable in slope, intercepts, and degree of
uniformity or straightness.

The original may be of very low contrast and require increased con-
trast (slope greater than 1).

The original may be so contrasty as to beyond the range of available
printing papers and require contrast compression. Different areas of the
original may have varying contrast. Wide angle obliques may range from
good contrast near the vertical to very low contrast near the horizom.

In cases like this, it may be desirable to modify the contrast as
different areas of the photograph are scanned as is done in the Log E
Tronics system,

The Log E Tronics pethod is not applicable here because of the small
resolution-size pictureielements system Qsed. The exposing spot used in
Log Etronics covers a similar arza to several million of our picturé’elements,
and it is the average transmission of this area that {s ueed to determine
the exposure. Such a system could not be used here, although certain
approximations might be experimented with.

The scan lines will lie in the generugz;irection. Panbr;nic and tri-

metrogen systems usually include the horizon, and in these cases the horizon
will be roughly parallel to the scan lines. Seldom will the aircraft pitch

enough to cause the horizon to approach parallelism with the y axis. Since

the contrast reduces as the horizon is approached, a system where the exposure
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18 varied as a function of the averaze transmission of the last 200 or 300
lines would correct Ffor changes along the y axis. This method would not be
of any help along 2ach scan line. The value of such a system could best be
determined experimentally after completion of a rectifier.

The rectifier should be capable of a linear transfer characteristic
which can be modified as desired.

This modification could be achieved with am adaptation of tha Fairchild
Varisble respouse unit or sowe similar system.

This deviae is capable of varying the transfer characteristic of the
system in almost any way desired., Among the more important modifications are:

1. Expansion of dark tones.

2. Expansion of high light tones.

3. Expansion of middle tonmes.

4, Expamsion of dark and high light tones (middle tone compression),

5. Step response.

6. Nezative response.

Some form of equipment for varying the transfer characteristic of the
rectifier should be included in its design.
4.6.8 Accuracy

The tentative specifications call for a geometric accuracy of .01%. This
implies that the position of #ny point on the rectified photograph will be
within .01% of the largest dimension of the picture from the theoretical
positien as indicated by the equations of rectification when solved with the
selected input variables, such as tilt or altitude.

It 1is éxtrcmely difficult to specify the accuracy of the rectifier in
these terms because the rectified accuracy is so dependent om the local change

in scale required.
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The photograph to be rectified will be broken into sub-areas, each of
which will be scanned b} the CRT. . The error in locatiag a point on the un-
rectified photo will include oomputer error, CRT linearity error, and platen po-
sitioning error. The error in the platen position will be a given uncertainty,
and this uncertainty will not change much as different areas of the photo
are covered. The error due to the CRT will be a maximum at the edge of
the faceplate; but since the image of the CRT may be positioned anywhere
on the film, the maximum CRT error may appear anyvhere on the film. ' Thus,
the spot positioning error at the read-in end is essentially independent
of distance from the center of coordinates.

At the output end the accuracy of position of a point is determined
by the accuracy of the drum position transducers and the amount by which
the system time lag varies.

I1f we assume the case of no over-all scale change (no enlargement factor),
the accuracy with which we must pick a piece of information from the un-
rectified photograph in order to achieve a given accuracy of location on the
rectified photograph varies with the scale. This is discussed in Appendix
1, page 130 . If there were no errors in the system, we would have to
locate n'point on the unrectified photo within .00025 inches to have the
‘rectified location cérrect within .001 inches fer the case of the panoramic
camera at & point corgesponding to a scan priaﬁ angle of 60°., This problem
is much less significant for near vertical pictures taken with standard cameras.
As large local scale changes occur, the accurscy of the rectified picture
changes significantly even when the accuracy ¢f locations of points on the
input end remain constant.

Because of the difficulty of exﬁresstng the over-s&ll system accuracy

except for a particular photograph, we have chosen to discuss the accuracy
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of individual sections of the tecﬁifier. These requirements are:

1. The ability to position the spot on the unrectified photograph
to .01% of the diagomal of a © x 9 photo. This i3 .0012 inches.

2. The transducer outputs (computer inputs) on the output end should
indicate the position of the writing spot within .OIZ-of the diagonal of the
ractified plcture. )

3. The computer aceuracy should be ,01%,

4.6.9 Testing of the Completed Rectifier

‘Testing of a rectifier of the accuracy considerad in this report presents
a numbar of problems and must be doné with consider&ble ntfention to detail.

Resolution tests can be made by reproducing a standard resolution test
chart transpareney with the computesr set for zero geometric change.

Tonal range can be tested using & standard grey scale transparency
with the contrast controls set for a 1 to 1 linear characteristic,

Geometric accuracy testing will be somewhat more difficult. Several test
élates must be made up by computing the theoretical positions of points
of intersection of rectangular grids on the ground and marking these pcints
on transparent plastic sheet such as Chronar with a coordinate comparator,
The points must beICOnputed to include the effects of whatever distortions
are being checked for that pctticuldt test, As a start a simple rectangular
pattern would be used and all computer inputs set at zero.

As testing progresses, various distortions can be included in the test
plates. For high-tilt testing the test plate would resemble & canadian grid.
After processing, the rectified photographs would be messured on s

coordinate comparator and the error from a perfect grid computed. All of
the measurements on the test plates and rectified plates must be accurate to

better than .0CC5 inches, and film changes during handling must be known to
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similar accuracy. Needless to say, reliable accuracy tests must be con-
ducted with great care and will ennsume considerable time. These tast
plates will bz used for periedic checks to assure the instrumant remains
in proper calibration.

4,6.10 Film for Recording Rectified Photograph

Since we intend to apply an over-all enlarging factor of at least two
to the rectified print the film nced only record a maximum resolution of
50 line pairs/mm.

Therz ara a considerable number of films that could be used hars,

As an example, comsider Kodak Plus =X Aerecon6_(type 3401; which has a
daylight speed of A.5.A, 80 and a high contrast (1000:1) resolution of S0
line palrsfman, At low contrast {2:1) the resolving pover 1s given as 3C
line pairs/a.

Many films have higher vesolution capabilities than these and the
'rectifier should ba tasted with several available filams before a final
decision i3 made. One sdvantage of uslng 8401 is its high speed which
would permit use of a glow modulator tube as an exposing light scurce.

One problem that mwst be considered in the selectiom of a film is
failure of the reciprocity law at the very short exposurs times we are

7 1ists the ralntive speed of Tri-X Aerecon at 10"—6 seconds

using., Kodak
-2
oxposure time 25 one half the relative speed at 10 © seconds.
This indicates thxt twice the energy must be applied to the film for a

given exposure. This luss of half the speed must be conzidersd sher col-

6 Kodak Publication, INSTRUCTIONS FOR USE OF KODAK PLUS x AEROCON FILNM,

(TYPE 840})
7 Kodak Publication, Kodak High Speed Films for Short Exposure - Time

Applications, 1959

. 1
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culating the required ewposurs and, while not a serious problem, will

limit the choice of films that can be uszd with the glow modulator.
Plus=X Aerecon Is recormended &s an adequate film to usz 23 a degign

basis, If a battor film {s found after actual test on the ractifier it

could then be used.
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SECTION V

MECHANIZATION OF THE RECTIFIER

5.1 General System Block

The very generalized block diagram shown in Figurell is useful to describe
the system arrangement and the directions of information flow.

Very basically we must pickva point on one photo, send its coordinates
to the computer, which computés the corresponding position on the other pic-
ture, and position: the other end. The transparency of the unrectified photo
is then measured and a proportional amount of light applied to the film at the
rectified end. In this manner one picture element is printed. |

If this process 1is carried out at high speed in geometri§ sequence, we
have a scanning process; and the entire picture can be rectified.

In TV and facsimile systems the geometric‘arrangement of the picture ele-
ments remains the same; and by using larger or smaller elements at the output
end, the reproduction can be magnified or reduced. The scan velocity is con-
stant at both ends.

In the rectification process, we have no such advantage. In general, a
straight line which is scanned at constant velocity at one end corresponds to
a curved line which is scanned at continually varying velocity at the other.
Because of this, a simple facsimile-type system is inadequate. At least one
end must be capable of scanning under the control of the computer.

Only one end requires non-linear scan capability. The input end is the

best choice for this for the following reasons:
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1. The exposure problem is simplified 1f the film passes the exposing
light source at constant velocity since the exposure will then always be
proportional to the brightness of the source. .
2. The scan method we have chosen results in overlap of lines at times, 1If
lines overlap on the unvectified print there is no problem but if they overlap
on the light sensitive film on the output end the film will be exposed twice
with consequent loss of information and change in density.
3. When highly magnified the scan lines will be visible and it appears

that a uniform pattern of lines will be less distracting to an observer than

a pattern of curved, unevenly spaced lines, If we adopt the uniform linear scan °

for the output end the most obvious aﬁd simple system is to wrap the film to be
exposed on a rotating drum. The light modulator will move on a lead screw that
is driven by the drum. This method results in a simple and very accurate line

scan,

The x and y positions are obtained from positian pickoffs and constitute
‘the inputs to the computer. Note tﬁat the computer inputs are the coordinates
of the rectified picture.and that the input end must seek the point on the un-
rectified photograph where the video fnformation to be printed here is located.
The methods discussed in detail in section5.3 are based on this concept and the
rectification equations are given in this form. (Unrectified as a function of

rectified coordinates.)

The equations of rectification are written as if no other distortions were

present. This system is the most flexible way to correct a large number of distor-

tions and provide a simple means of introducing future modifications. The omly
requirement {s that the corrections must be done in proper order,

All of the rectification equations except tilt have either the nadir or the

principal point as thelr coordinate origins and the tilt correction is a co-
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ordinate rotation about the perspective center from the plumb line to the
principal axis. Since our system starts out with rectified coordinates as

computer inputs the first step is to apply earth curvature and air refraction

corrections., These corrections convert the coordinates from those of a perfect
rectified photograph to those of a vertical photograph of a curved earth with

air refraction. These coordinates are those of the point from which we would

take our video information if there were no tilt, panoramic, lens, or film dis~
tortion. '

If tilt is present we next go into the tilt coordinate rotation. The out- '
puts of this block are the coordinates of the information, or picture element, ; i
on the tilted photograph. The computer is then ready to compute corrections
which have the principal axis as a cOordinate origin and these are, in order of
correction; lens distortion, panoramic or other special camera geometry, and
finally film distortion. - The final output is the location on the unrectified
pbotograph of the picture element that we wish to print on the rectifiecd film
at the original coordinates that went into the computer.

5.2 Ideal System .

After developing the general system block an idealized system can be sketched
out., This ideal system cannot be built at this time and may never be possible
but it 1s interesting to discuss because it forms a guide to the compromises
that will be required of a workable system and shows the need for the additiomal
complexities of the workable system,

The ideal system 1s shown schematically in fig. 12 . The rectified film
is mounted on a rotating drum which drives a lead screw carrying a light mod-
ulator to obtain a line scan. As the drum and lead screw rotate the ;ransducess
produce voltages proportional to x and y which are fed into the computer. The

ocutput of the computer positions the CRT spot to the proper position and the

ENGINEERING REPORT NO. 5435 PAGE 58 I

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

|
!
|
- ; — e
' ; T L Drum :
) ‘ Computer - 't Rectified Plcture !7—
. A o ¥ U ’
//\ | SO !-——-E};;::.“~~_“T_‘{?~L‘.'_;_:_~ O]
VRN ' Light Modulator
i ", Unrectified Picture ‘ . '
1
g Phototube g e ™~ :
e _lmlt t'..‘//;_.,.. By, ~ VISP |
=
Figure 12, IDEAL SYSTEM
Constants
. Analog oxy) t . ! Aﬂz i Analog axg
. Radial I3 pifferential T > Radial "’:—"'
o Correction | Correction ; . J Correction A
Computer ! v ! Coerdipate ' Computer AV )
| (Nadir Origin)’ SRR ;mnr. nxw.n)J
1 -Figure 13, AMNALOG nmmxu'rm CORRECTION - mn'm f
vy B - | ”
- —>— G = £(Vp) — v,
C L _ . a
Vo Differential <——— Vj '
. Amplifier e i
. —-——Q—-&-* G = t(v X , _ . .
0) GVy , i
- Figure 14 BASIC ANALOG BLOCK V; = 2 vy ,.l
w ‘
ENGINEERING REPORT NO. 5435

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

PAGE 59 %
1




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

video signal would be printed on the film,

Unfortunately this very simple rectifier cammot be built with compoments
that are now available or are likely to become available in the forseeable future.
The limiting components are the cathode ray tube and the computer.

A simple, all electromic, anolog computer with an accuracy of at least
.01% is required and this is not practical at this time. The cathode ray tube
woul@ have to be 24" diameter, 2500 lines per inch, imaged down to cover the.
diagonal of a 9 x 9 £ilm at 5000 lines/inch. |

This tube would have to have a linearity of .01% which is about one order
of magnitude better than that now obtainable.

It is possible that as faster digital computers, or more accurate analog

computers, become available a spot position servo system like that described

in section 4.6.4could be developed and applied to the system just descrihed. This

would lead to an elecfronic rectifier with many {deal features but because of
state of the art limitations of the computer and CRT other more complex systems
must be used. The approaches described in the next section appear to offer the

best solutions to the present problem.

ENGINEERING REPORT NO. 5435 PAGE 0

|
|

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

5.3 The Computer

Developing a computer suitable for use with the electronic rectifier

presents the designer with many difficult problems.

The problems stem from the need for high accuracy and high speed of
computation. We require a computation accuracy of .0l% and a solution rate
sufficiently high to prevent degradation of the accuracy through interpola-
tion of the solution points.

Electronic analog computers are capable of sufficient speed of operation
for our purposes but are limited to about 0.1% accuracy.

Electronic digital computers are availaﬁle with far more accuracy than
we require but are not fast enough.

The Packard-Bell Corporation manufactures special-purpose incremental
digital computers which are both fast enough and accurate enough for our pur-
poses. Thfs computer, called TRICE, can be used to solve the equations that
P involve large scale changes, such as tilt and panoramic distortions, and a
parallel amalog computer used to solve for the increments that must be added
to the digttal solution to correct for the small distortions, such ag air
refraction and film shrinkage.

Extreme accuracy is not required of the analog computer since it only
computes small corrections, and fairly large errors in these corrections have
small effect on the complete solution.

5.3.1 The High Speed Incremental Digital Computer

A digital incremental computer combines the high iteration speed and

accuracy required for the rectifier compu;ations. For example, the "TRICE"

Computer, manufactured by Packatd-Bellsh is capable of 100,000 iterations

8. The TRICE--A High Speed Incremental Computer, Mitchell, J. M., and S.
Ruhman, 1958 IRE Convention Record, Part 4, Page 206.
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per second at a maximum precision of 26 binary digits and sign- . The fol-

lowing are the basic building blocks for this computer:

l. Integrator

Transistorized jates, flip-flops, and diodes, as well as
3 circulating, 30 binai:y digit, delay .line registers are used
in the construction of the integrator.

Register 1 holds the initial value of y.
Register 2 holds the current value of y.
Register 3 accumulates the integrated area.

The clock repetition rate is 3 megacy?.les so that the
iantegrator can be iterated '100,(;)0 times per second.

Increments Ax of the integral are given out in terms of
one binary digit and a sign.

The basic integrator thus has stored into it initial and
current values of y. The i.npuﬁs are dx and dy and the output
is dz = yd:é. »

2. Multiplier

Multiplication can be performed by the use of two integrators
to obtain xdy and ydx, their output being summed to give d(xy).
Greater circuit sconomy is achieved by combining the two inte-
grators into & single "multiplier” unit. |
3. Digital Serwvo

This computing element is used as a nulling device in the
solution of equations or as a decision-making element in the gen-

eration of discontinuous and non-linear functions.
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4. Adder
This unit sums up to six incremental inputs.

These building blocks can be combined in much the same manner as analog
computer blocks. For example, FigurelX shows the generation of d(ln fx) for
an input d(fx). The integrator is hooked up so that dz = zdw, or d(ln z) =
4z = dw, vhere ln z is the natural logarith of z. The digital servo performs
t;e ‘required decision making function to identify z with fx,

Another example is shown in Figure 15R Here two integrators solve the

udw

'sixnultaneous equations dz
du = -zdw
or z =gsinw
u=ocos W
Stable high frequency sin waves can be generated in this manner.
Figure 16 shows the computer configuration for the solution of the

equation x' = £x

Vg +vy2

or ln x' = ln fx - 1/2 1n (fz + yz)

The inpt;t dx is multiplied by a constant by means of the imxltiplier.
d(fx) is introduced into the servo-integrator combination to glve d(ln £x).

Another integrator has two dy inputs and solves dz = ydy = 1/2 d(yz).

Another servo integrator in turn produces .ln (£2 + yz).

A constant multiplier produces 1/2d 1n (fz + yz) and the servo sub-
tracts d(ln £x) - 1/2d 1n (£2 + y2),

The resulting output d(ln x') is placed into another integrator so that

dz = zd(ln x') or dz = dx'.
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By similar methods the equations

y' = £ tan”! (y) .
(£)

x' = _ax-bf
£ ~gx-hy+kf

y' = =cx+dytef
£ “gx-hy+kf

are solved by the configurations shown in Figure 17 and 18 .
These are the only equations that require: solutiom by the digital com-

puter.

ENGINEERING REPORT NO. 5435 PAGE 61

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

8
&~
]
Vg
| 7]
°
N~
¥
ot
§
- . |
- ~
a [ ) -
-4 U .
8 ° 3
a
2
§ .
o
i
A 4
A "
} o
N !
| : )
~ L} L] o
z 3
.g‘ =
4
8 \ -
|7
3
[ ]
1 9]
v
[
%]
g
ENGINEERING REPORT NO. 5435 PAGE 67

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy ApproVed for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION

THE PERKIN-ELMER CORPORATION

g1 @an31a

suoyienbzy UVOYIVEIOIEURIL IIVUTPIOOD)
30 uoj3IezyUNYIMW] 3oy wwaSeyq Roold

TLINR0O TVIIOIA "TVINTRIONI

(06 93ed 29g)

IH-Ly-x8- 3
3 x3- = X

33-4q-x8-
Igixe =

]

(3
(andano) (,X) p

[
(3+4y-x8)p = (Ly-xB)p ! _

(3 \A

(qg-xm)p = (x=)p

E - S

1
OUﬁi

(andano) (,X) p

—c

(anduy) xp

-
-

PAGE 68

5435
Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING REPORT NO.




.....

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION ‘W THE PERKIN-ELMER CORPORATION

5.3.2 Radial Correction Computer

Several of the distortion§ to be corrected, such as e#rth curvature, air
refraction, and lens distortion, are radial about either the nadir or the
principal point and are small in magnitude. The most practical computer to
use here is a differential analog computer. The radial correction computer
does not require the accuracy that the coordinate rotation and panoramic com-
puters require since only a small radial correction will be computed and added

 to the outputs of the digital computers.

The computations will be done in two parallel channels. The digital chan-
nel will compute the large magnitude tilt and'panorhmic corrections, and the |
analog channel will compute the corrections to be applied to the digital com-
puter outputs to correct them for the radial distortions. The incremental x
and y inputs to the digical'computer could be converted to analog voltages as
inputs to the radial computer, but it appears aimpi;r and less expensive to
use a separate set of transducers oh the rectified end to provide analog inputs
to the radial computer. The analog computer blocks shown in Figures ® and 20
are arranged as shown in Figure 13 to perform radial corrections about the na-
dir, rotate them to tilted coordinaﬁen, and perform radial corrections about
the principal axis.

The analog radial correction computer shown in Figure 19 is applicable to
radial corrections about either the nadir or the principal point, In operation
the imput coordinates x,, y4 are used to deflect the spot of a CRT. A plate
whogse transparency increases linearly from the center attenuates the light

emitted by the spot. Since the spot position is proportional tothe radius R =

/ 2
x + 712 » the light transmitted is proportional to R and the phototube
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voltage is proportional to R.

The voltage R is the input to the horizontal deflection circuit of the
photoformer circuit. A mask cut in the shape y = f(x), where the function £
depends on the increment to be added, is placed in front of the CRT. When
the phototube sees no light, the spot is driven up; and when the phototube
sees light, the spot is driven down. With proper stabilizing circuitry in
the amplifier, the spot will follow the contour of the mask and the vertical
deflection voltage will be proportional to the corrected increment k; OR.

Magks can be cut for any correction or combination of corrections that
are radial about the axis being considered. The voltage klAR must now be re-
solved into its components o&xy and Ay;. The basic computer to do this opera-
tion is shown in Figure ¥ and operates as follows:

Assume two identical amplifiers of variable gain G = f(vo) where G is
always positive. For inputs v, and V2, V0 =V, = GV;. -
G = £(V9) = £(V, - GV,)

\/ - GV,
If f(VO) is linear and A is a constant much greater than 1,
G = AV, - Gv,)
G(1 + AVy) = av,
G= AvVy v,
T+av; amt ~ v

Therefore, V4, = V3 AL}
K

Referring again to Figure 19, we see that this scheme is used to obtain

Oxjy and Ayy. One complication is introduced because klall may go negative. To
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avoid difficulty here, we introduce the constant k2 selected so that the in-
put k, - kjAR to the differential amplifier will always be positive.

The solution becomes meaningless at R = 0; and since R will often go to
Zero, we must gate the output to prevent this solution from being utilized.
This presents no problems since the correction is always zero when R = O.

The solution xi»(k2 - k1AR) is added to -xlkz s and the result mult:ipiied

R
by 1 to obtain the required result ARy = X{AR .

k
This solution for Ax; will be corrected for earth curvature and air re-

fraction since both of these distortions will be included in the mask. axy
must then be modified by the tilt angle coordinate conversion.

The baaig coordinate transform equations of page 90 are:

xg = _ax + bf and yo = -cx+dy+ef
T - ~gx-hytkf T -gx-hy+kf

The approximate differential corrections corresponding to the equations

are: .
&g = -—-:L and Ay, = .-.:3‘_1.____!;_.
T OECWgRE o Tekghye

Where Ax; and Ay; are the differential correction inputs and &%, AYQ
are the coordinate transformed differential corrections.

These equations are solved by the computer shown in Pigure 20. The dut-
puts of this computer form the inputs to another computer similar to Figure 19
which corrects for distortions about the principal axis,

The final corrections are added to the output of the digital to analog

converter and used to deflect the CRT spot.
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S.4 System Description - System 1

The over-all block diagram of the rectifier which best appears to meet
the requirements of this study i{s shown in Figure 21 . The two computers re-
quired are described in paragraphs 5.3.1 and 5.3.2. The system will be
described here starting with the rectified end and following in the general
direction of information flow.

A sheet of unexpogsed film is mounted on the drum and held in place by
spring-loaded pins or by a vacuum system. The picture to be rectified is
mountéd on the input platen with the fiducial marks alignéd to index marks
on the platen.

The variables of the problem, such as altitude and focal leungth, and
the precalculated constants of the coordinate transform equations are fed
into the computer; and the proper computer blocks (such as panoramic camera
correction) are switched on. The transducer is set at the proper position
and the system started. The drum will“rotate at 3600 RPM or 60 RPS, thus
scanning 60 lines each second. The lead screw will traverse the printing
light source along the drum at a constant rate to yield a line scan. The
system will apply an over-ali eniargment factor of ;uo or three to the photo-
graph being rectified to reduce the further magnification required to exploit
the photograph.

Two sets of transducers furnish position information to the computer.‘
One set of transducers produces pulses (Ax and Ay)at fixed intervals as in-
puts to the incremental digital computer. In the x direction the pulses are
produced at maximum rate of 10° per second. In the y direction the pulses

are produced by a switch on the lead screw at a much lower rate. The x pulses
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are produced by a photocell which 18 triggered by light passing through an
engraved scale fixed to the drum. A separate scale and photocell will yield
a pulse once each revolution to reset the computer, blank the CRT, and return
it to sgero.

The other set of transducers provides analog voltages in x and y as in-
puts to the differential correction computer. The computer outputs form the
unrectified coordinates of the point to be printed.

The digital computer outputs are 17 bit binary numbers and_the outputs
of the analog computer are small analog corrections to the digital solution.
The digital computer integration rate is 10° per second. The spot scans the
film at an average rate of 180 in. per second to yield an accurate digital

solution every .0018 in. Since the picture elements are only about .0002 in.

apart, we must use a smoothing system to interpolate between the digital solu- ~

tions.

h The digital solution for.y' is fed into a binary subtraction uanit.

’ The unrectified film platen position is monitored by a linear position
transducer whose 17 bit digital output is also fed into the binary subtraction
unit.

A Ferranti linear position transducer would probably be used on this'axis.
This device consists of a grating the length of the platen with a fixed short
grating at a slight angle to it. A light shining through the grating is
picked up by a photocell. As the gratings move with respect to each other, a
Moire'fringe pattern wichfan approximately sinusoidal distribution.is produced
as a result of the integrated imterference pattern caused by the angular inter-

section of the individual lines on each grating.
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3 The Moire fringes are detected by the photosensitive element and the
waveforms used to form a digital measuring system. 'This system is not af-
fected by error or wear in the screws used to move the table and will be ac-
curate to .0002 inches over a maximum usable travel of 26 inches. The max-
imum speed of one inch per second is completely adequate for this application.

The picture will be coveréd in strips three inches wide and the full
length of the film. A 9 x 9 format must be covered in three passes and a
75 mm format in one pass. The entire three inch width is covered by the CRT,
and no servo positioning of the table is required in the x direction. The x
table motion is entered by hand after each pass bylturning a crank to one of
three index points. |

As mentioned before, the desired table position in y' is compared with
the actual position in the binary subtraction unit. The difference is used
to drive a servomotor to position the table, Any difference between actual
?l table position and desired table position is fed to the di?ital to anélog
| converter, The converter output is changing in steps st the rate of 10°
steps per second. The output feeds into a smoothing unit containing predic-
tion circuitry which converts the step input to a smoogh curve. The output
of the smoothing circuit is added to the analog output of the differemtial
ﬂf correction cemputer and forms the input to the y' deflection circuit of the
CRT. With this system the high speed scan of the CRT is in the x' direc-
tion. The platen moves slowly along in y' under the CRT to form a line scan.
Any lag in the platen position 1s taken up by the y' deflection of the spot.

The x' circuitry is similar except that, as mentioned previously, no

servo drive is required in x' because the entire 3 inch motion in this direc-
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tion is supplied by the CRT scan.

The CRT will be about 7-9 inches in diameter, have 15,000 lines resolu-
tion across the face, and, with proper yokes, have a linearity of 0.1%. A
demagnified image of the tube‘face will be projected onto the negative to
be scammed. This image will be 3 inches in diameter, thus covering a 3 inch
wide strip of film at 5,000 lines/inch.

Assuming an 8 inch diameter tube, a linearity of .17 results in a spot
uncertainty of .004 inches which, when imaged on the film at a reduction of
8 to 3, will result in a spot error of .004 x 3/8 = .0015 inches. This fig-
ure i{s somewhat optimistic since a .1% linearity is difficult to achieve and
& slightly larger tube may have to be used to allow for not being able to use
the tube out to the edge.

A phototube can be used to monitor the brightness of the spot. As the
spot travels across the tube brightuess, changes may occur due to phosphor
variations. The velocity of the spot will vary considerably as local scale
changes occur.

The brightness of the spot will vary with the velocity and would fesult
in a velocity modulation of the spot if left uncorrected. The output of the
phototube is amplified and used in a closed loop to maintain constant bright-
ness of the spot. This system requires that the phosphor decay time be very .
short since the tube measures all the light emitted by the screen. This
causes ﬁb problem since the decay time must be shorter than the picture ele-
ment'period of about 10~ second/element. The P-24 phosphor which decays to

10% of original brightness in 1 microsecond would be adequate.
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As the scanning spot passes over the negative, an amount of light pro-
portional to the transparency of the film passes through it and, after col-
lection by the condensing system, falls on the éhotomnltiplie: tube.

The output of the photomultiplier is amplified and modified as described
in paragraphs 4.6.6. and 4.6,7. for proper exposure of the film. The amplified
signal is fed to the exposing light source which is monitored by a phototube
in a closed loop to eliminate the effects of non-linearity and to extend the
usable frequency range of the light source.

The time required to rectify a photograph by this method depends not
only én the size of the photograph but on thé scale change regquired.

The output drum speed will be about 3600 RPM or 60 RPS. This will write
60 lines per second regardless of the width of the rectified photograph. A
panoramic photograph which has been rectified out to 60° on each side of the
horizon is about 8 inches long with no over-all enlargement factor. At 5000
lines per inch, this will require 8 x 5000 = 670 seconds or 11 minutes. Print-

60
ing out at an over-all enlargement factor has no effect on the time because

the scan lines will be twice as wide. '
A 75 mm x 75 mm near vertical photograph will require about 4 minutes,.

A 9 x 9 photograph must be covered in three 3 inch wide passes since the CRT

can only scan 3 inches in the x' direction at one time. This means 27 linear

inches must be covered in the y' direction. For a near vertical 9 x 9 format

5000 x 27 = 2,250 seconds or 37 minutes. This will yield three separate rec-

tifggd photographs, each of which will represent a 3 x 9 inch strip of the

original 9 x 9 photograph.
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The upper drawing shows how a 9 x 9" oblique photograph is covered in
three passes by the 3" scanning line of the C.R.T. The lower drawing
shows the three separate reproductions of the oblique photograph produced
by the rectifier. (Mot to scale.)

Figure 22 - RECTIFIED OBLIQUE PHOTOGRAPH
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5.5 System ]I

An alternative to System I is to covof the unrectified photograph by
icanning it vigh a very reduced image of a C.R.T. This reduced image would
be about 1/8 to 1/4 inch in diameter. The small image would be scanned in
lines across the photograph and the C.R.T. spot would scan at high speed
across the main scan lines. At the output end the line scan is supplied
by a rotating prism. Most of the computer system is quite similar since
the basic method of operation is similar.

This system has the advantage of better accuracy of spot poaiﬁioning
on the unrectified film. If a S-inch diameter tube.uere optically reduced
20 times to & 1/4 inch diameter image on the film, a linearity of about 1%
would be required to achieve a spot position accuracy of .00l inch on the
film. The linearity could be held better than this, and, since the table
position can be very accurately established, an accuracy of .00l could
probablz be achieved.

An advantage of System I1 is that an ordinary C.R.T. could be used in
place’ of the special, highllinearity, high resolution, tube required for
System 1. A drawback of System II is that the output line length would
have to be held to picture element size accuracy to prevent overlapping of
elements with consequent banding and loss of resolution.

System I lends itself to future improvement by incorporation of a spot
position servo system at some time in the future, vhile System II, although
haQing batter accur&cy initially, would be more difficult to modify without
major desigh changes,

It should be noted here that both systems will require heavy machine

tool type design in order to maintain accuracy.
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There do not appear to be any fundamental limitations to increasing

the resolution of either system to approximately 200 1line pairs per m.m.
This change would result in a longer time of operation. Although four

times the number of bits must be Processed, the time per rectification

would only tncrease by a factor of about two, since the bandwidth of the
video electronics could be increased somewhat . Increasing the resolution

of System I would result in a smaller coverage per pass unless a larger

C.R.T. can be obtained,
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SECTION VI

Recommendations:

It is our recommendation that the rectifier described as System I be
constructed to provide a universal rectifier which substantially advances
the Qtate of the rectification art, is adaptable to further development,
and c#n be completed with a reasonable amount of engineering development.

This unit will have a resolution eapability of about 100 line pairs
pér m.m., a computational accuracy of .0l%, and ﬁn information pickoff
accuracy of about .003 inches or better. This shou}d result in a rectified
accuracy for near vertical photographs of about .02% of the 9 x 9 format.
As was discussed in Paragraph 4.6.8, the accuracy of rectification of
tilted photographs varies with the amount of local scale change.

Thn'computer blocks to be included and the range of focal lengths
and format sizes depend on the needs of the individual customer. An
overall enlargement factor of two is recommended because this will result
in reasonably sized rectified photographs and will permit ﬁle of reasonably
fast films such as Plus-X Aerecon and congsequent use of a gloﬁ‘modulator

{ tube as an exposing light sourca.
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APPENDIX I

MATHEMATICS OF DISTORTION AND RECTIFICATION

The equations in this section were derived because a search of the liter-

ature failed to disclose the equations required. It appears that very little
work has been published concerning the mathematics of distortion, especially
in the less significant cases, such as air ref;action and image motion.

In order to obtain a linear, uniform, scan at the output, the inputs to

the computer must be the rectified coordinates of the read-out light source.

All of the equations present the unrectified coordinates of a point as a func-

tion of its rectified coordinates. Thus, the rectified coordinates are inputs

to the computer, and the outputs are the unrectified coordinates, or the co-

ordinates that the scanning spot should take to pick up the proper information

for the output end to print,

The equations are derived as if no other distortions were present. Thus,

distortion due to tilt 1s derived as if no air refraction‘aqd earth curvature

were present, This does not result in anyrerror, since the inputs to the tilt

section are the outputs of the earth curvature computer, As explained in Sec-

tion 31, all of the distortions exceptvtilt have either the principal axis or
the verticﬁl (n;dir) axis as a coordinate origin and tilt may be corrected bf
a coordin;te rotation from one to the other.
The following distortions will be treated in the order listed:
1. Distortion due to tilt and swing.
2. Distortions found in the panoramic camera due to basic

method of operation and to aircraft velocity, crab angle,
rotation, and image motion compensation (8 distortion).
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3. Distortion due to earth curvature and air refraction.

Distortions due to non-planar focal surfaces.
5. Miscellaneous Distortions.

a. Distortion due to plane window.

b. Correction for rapidly moving boundary layer.

c. Film distortion,

d. Lens distortion.

e. Distortion due to prism of lens or windows.
6. Other applications of rectification equations.

a. Scanning accelerations. ‘

b. Small areas.

c.

Maximum reduction in scale.

LIST OF SYMBOLS

The symbols most frequently usad in this report are:

x', y' are coordinates determined by the fiducial marks on photograph

to be rectified. The origin of coordinates is at the principal point.

The

“¥x' axis is in the general direction of flight, and the +y' axis is in the '

general direction of the left wingtip.
X, y are coordinates on the rectified photograph. The origin of

coordinates is at the nadir.

X, Y are coordinates on the ground.

Hao altitu@e )
= height above or below datum plane
= tilt angle ‘

= swing angle

-2

= pitch angle of aircraft

= roll angle of aircraft

focal length of camera
= nadir point

= fsocenter

W - Z MM T B
[ ]

= principal point
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Rectified (Horisontal) Photo

ENGINEERING & OPTICAL DIVISION w THE PERKIN-ELMER CORPORATION

Principal Line

T General Direction of Flight
=

Unrectified (Tilted) Photo

At

-

COORDINATE SYSTEM OF TILTED AND RECTIFIED PHOTOGRAPHS
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T > . : x
Lﬂ_ =
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X .
N \ [ 4
H \\ *
LI"’(’" .’,’;’. \ [
Sighty ||
A\
\ [
S\ !
\
P= pitchangle X, )"', Z= qrovid coordinates of observed
r=roll angle L PEINT R (origin at nadir)
CH=Z zdltiTede . Xg, )’A)_ = Z.‘ranj For /mx/ Cocrdind les of Q.
: camerd fod] i
5 /- m-tbﬁ "‘ I X'y e Vhf((u" td che l‘w a/)‘h/
eng th- coordinates of Q

Lo X=direct ‘o of .
f//j/r"‘/ﬁdf/: oh
}rcufa' , o S

. : /:;iurc 24 Pi fﬁh LETl O-"9s”_"-"9133:.55j Trc’t’/rf+¢r’/)w Fw
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These 4'5 Cortions will £rrst pe fu;ue'/ in terms of

P "tk and rofi dﬂq’ Uhch be CXP,—@;\.;_@, ShTerms ot

tiit and Sw/'ﬁ';q,

X ,y = Fectifre cel /,/zotrww—y/us ’
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| Pigure 25. nm'rmusarr BETWBEN PITCH AND ROLL, AND TILT AND SWING
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The coordinate Trans forms for prteh and roll are!
) (59( f;a.ié" )

FPrteh . Koll

‘X,= XCaJ/O Zs,ﬂp X=X,

Y= Y Y22 YoCosr —Z,sinr

Z, = Xs/nlo +Z (05/3 Zs= )’,5:';:!’ +Z,cocr
So, .

_ = kcaSF~H\,{np

Y_ = Yeos r "“X.f//?f Siny - Z m;/).:/nr’ v

Zy= Ysinr + X Sinpcosr rZ,CaL'/CCi‘f.’”
define X%X FE Ly EY
also X"f X: )/ pa y,\ '
50,

Xcasp f:,np
X-f”’ﬁ@&/’ +)’$,/;r+fcospa)~

BV = =Xsinpsinr + Ycosr - }‘(mp;m/’
f‘ X;,npcosr f—y nr rf(o«/o(n;/‘

To cohvtr‘t' t/;ese (p(’jf:ucnz“« ('o ferm; of t /z‘ana' SWr/)g
we r(fcr Lo fig.25 from. W/nc/) we see - SR

66 CoS(S /T)-,'-cwc ' ,,[f-% l“d///’ B _4:{_ .;.‘;g;;;,;'t:_-.;‘._“._t:é”'_jr::
a( tdnp, c= tan(s /7‘) tans e s

S//)/" E;Z_AQ
C os -——_-__." P
P /’*t"’ frd/n’rt&n’S ‘
S/n 2 Tm_z;___ = CosS TaAnt
+Tan’r

T+ ces s U(o"t
N

/nit s/nScol: §I
},/ ’//)Zt ,,,f(

) S/n,osmr (_s/nzf‘oo <I cocstanl) -

,//f cos?c (a?/’ i

Cos 1o ,
Yi—snT€sip7s

PAGE g

‘I) Ces ‘
-( P f-.@,t_m%_aeza__,
/+Cos‘s anc
(2) 5.n/>-*}/4-cm’ = L o/inlsinS = -s/ntsins (frofn defi of p 6 s

S ———— . —
anis = Veos?t rsiniteozts = YI-sinitsinds®
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cosS tAnT fi-s/inilsnis :-60,55’5./7) r

Vircos2s Can?t
.'thrr_{/[)SCO‘S?_‘;_
. f/l-!f'n tsinis
(7) Sinr = —coss S/int

. 7. e T
;//e Sonissin=t
@) Cospeosr = Yimsin®sgynTt ces. = cosT
' Vi=< hissinit '

Svbstiloting (1) =(8) in-the cxpressions for -}2— ardyl, we et

($) cospsinr =

() sinpcosr = —

_7%/—/ = Mi-5in?Csih3s X FSintcing A

— Sintsinscoct S/hlepss
—_ ) o5t
Vi< inicsinzs =<1 me" }’ f
. ,y_i =" “gﬂ/}’?r,.fL/’ s¢os f—__c_.f..i&____ y-}-COfff//?tf
f Vi-sin? rs*m‘-s I=sin?tents Lo
- Kr'hf"s"ﬁ SC‘O{TI'X - Sintcoss >/ * COS'C‘f
W_—'?m"--tsm.‘j y”-:»n"t;m?f
or | .
% - (- Sm‘r‘gmj) X+ 5/nt5//>5(/ Siptsin® 5)4*'7‘
7 .‘“-.- J,n L“S//)SC&_S'C‘ X -o-.nnZ'CNS)/ *COS t(/—’m Tsin S)J‘r"f

- Sin*tsins coss X +.CoSt Y+ coss J/nt(/-sm%sfn%)*‘f‘
’ -.smz-sms (asl‘ x —~~smrcoss y fCOS t(/ 5m’~(~5m‘5)ﬁf

/ 51/)2t}51’725 SN
= sintsins (/- 5m’tsm ;)i L

C = '-~$/ ﬁ"f‘SJn Scoss
S d s cost Y |
C : COS)’S:I)t(/ 5//91'{‘5/),15)‘5
7: S$ih Z‘;zﬂjgo_st‘ '
h ‘._J’ht‘(osg’
L o K= co,t‘(/ Srnts 'hps)&
th((( 670&?‘;0'15 ta ke ‘thC for m
;o .
A g

= VO(

' Vj
V(,' : _ﬁ

D ' ‘ ST a.,bcd)c)ﬂ)/?h’a\
constant )‘ordhy ok ¢ /J/)otogr‘d/f)/?

it
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- ; | 2. nxsmnrmns OF THE PANORAMIC CAH!RA

‘ (a) rtrlt, we comidar the distort:ian of the panoramic camera image

vhen the camera is mounted in a level vehicle mgving at constant alti-
tude H, ground speed V, and aircction X, but rotatiﬁg about a vertic-al

' , axis with angular velocityﬂ—d_[. The scan rate of the camera is
| X

P X-= jta and the film image motion compensation velocity is /’/f SE -
I
.k
8ince scan bagino at &= -g— , W& have @ = - */2(«/6 The origin of

[ the rectified coordinate system is the nadir when £: 0 . The time,

ty, at vhich 0- 0 is found from the rclation/ KT = 1{- ‘1‘h§ agyi-

| [~

' .ot . rﬁ $
, mthal angle V¥ is given by V % +/11 a/t . Thus ¥,=¥ r/dt
. . : o

[ Pigures 26 and 27 th the relationships among tho different earth, atr-

craft, camera, and unrcctified film coordinatu From these figuru we )
5 [ e see chat the folloving relationships hold, wh.n Xc y Ye are camera

- coordinatel and X ’ )‘ the coordinates on l:ho»fi_.ln ttself,

C 59- =
O. YHReYE T ff“f y;

B Y TRV =;z*an"’Y tan 7
e U F .T’L- i
{_j o Xe = X,Co056 l=_x‘;:_+/n/f'df
| Cvesyto
! | X = x'vc_os‘% -y S$ih V,,{
L o Y= xsiny #7(05 |/

N Xp = [ )(~%J((t—t,{)]cmy—)’5/n v
¥ = [x- .L:,I(E- TRl Siny +Ycosy

|
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X,

GEOMETRY OF THE PANORAMIC CAMERA
FPigure 26
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\\\"&- YZ

GEOMETRY OF ROTATING, TRANBLATING, SLIT-SCAN CAMERAS
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In the special case of constant rotation and constant scan rate, we

have:

L= w = constdanl | A= K=constant

t-ty, = _% ) rh:;‘ﬁg' ) l//: :/;; - = /o f—(c(?w‘—th) %,«!}?\/(ﬁffg‘

LeC "oz YorZa =Y, .  Then!

K, = Xcosdy = yoin P,

>/, = X'n 5/7‘-, 7‘7:95 "f')(J

Xy = (X—{,%é)&oj(% red) -y sin, resy = (X' Ffrrdtisecd
Y2 ='{\'x—-§)%9)5in(r;7org.%ﬁ_) *7(05(%*'3‘%‘/’ = f Fang = “tan )!

.- These last two are the aqnationi to be solved for x' and y' to rectify
- sa panoramic picture taken from a constantly rotating craft. - o
Speciausing still further to thc case of no rotation and _constant ’

L]

~ scan rate, ve have vith K _ﬁycosﬁ
H

’wO,“ %—Va , Ja that
X;\—(X zg_m)co;% )/r,n ;bc _(x f/nf‘fz/l_)((’(.f (x +_j;[/f—;mf9])fc(r’)

-

e (x f-mmm ryeosyes Ftany

For very u:all values of 7/0

SinVe=Y , cos izt 7;;%5/, KL X Yo

;9’-‘- f'(ﬁh'% > M

these equations can be solved immediately for x' and y' in terms of x
and y and used for rectification. If ¥, is not so small, a more com-

plicated iterative procedure may he used.
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If we are interested in the error due to crab angle //, , we must
compare x' and y' with R4 instead of X2, Ya to avoid introducing
the translation error which is included is the so-called S-diatortic;n.
The magnitude of both these distortions will be found.

Putting ¥, 0 and solving for x' in the last equations, gives us
the normal panoramic rectification equations
X'z xcol# ~};{ (1+5in8 -8 cnss)
y'= “6 = £ t&c"'_fl_

so the S-distortion error is

AX - fy(Irsingd -fceid)
X #Rx’

Putting the crab-angle equations in terms of x3, y, we get
= LW cnsy, Tr YU sinfliie 6
Y, %ZKL(ﬁ po + (x'r !
y, = ?_;_/_Q sin¥o +F Canh .
K
from which we see that the errors in ground coordinates are

Axx. = fVoceif(Cosfh-l)
‘ HK(_X *’,é;{[“f””;).

DY = vésin¥
Y «  #KTané

A case for which th@ error is relatively large for both of .than is

Ik

fvocesp(Cos ¥o=1)
R X7 ' :

*

' 'given by the conditions:

T H= é6miles = 3/¢80 Ft.
V= £ miles per se (., = £¢o raph
Kz 4/ rad. /sec

N
()(( 4 4 ." TR _".‘g-‘(' L

6= 4. yad. o 5 ©
7

Cdn¥er = o, Sih RS oS po T T8
‘- 7 : R S S
X' = QS men. = £ ,;’1 ran

1)

- " -
=3 ‘ff',{'.
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Under these conditions:

4 ~ ! 7_”‘ B i sl
A)() - 2 (1+.70710- ,‘_,’/,. = S0

! - 4.2
X j‘dli‘jt é 6 ?
(s © AEBLLL) o pacy
X C"Qé’ "J:»“ P T 6
< [/““l/._.'_-.’ o= Loy,
/crdb &-4-4m 6

(b) We consider next the distortions produced in the panoramic camera

by tilt and swing in the photograph. We first do this in terms of pitch

and roll and then express the results in terms of tilt and swing.

Referring to Pigure 28, ve see that the following relations hold:

-

ﬁ:-ﬁzri/\'t s Vj' 7roc//)df/’dfﬂ’|(/(<r"/ = V’(r_,/o
: Xll = —!ik_/-r* Vg r l/q 5_
Xi= XXy | .
| Z;..‘: H %!/nﬁf V;t‘ Sl‘hp: H +V1 ?{j,‘np
YI. = Y .‘ . . . »
S detine xigke
. - : " N . —h

: ; iy
6 = C.m» ;"12 = Zﬁq _;;_t ‘
' '."rh. rclationlhip' betv«n the (2)-3}.:& 'an& the (i)--yntm .is the same |
as that bot\non the (x2, etc.)-system and the (X, etec. )-cysten in the
proviouc treatment of tilt and nving And we have:
Xl- X cosp - Z Sihp
}’x =Y. cosr - X; 5/n/);,nl‘ - Z; Co:ﬁf/'n/’

Z, = Y:einp v X: _(,'n,uro: r r:‘;/' cespectft
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A 2

. ' Instantangous K ’
(Scan begins) j Nadir / (Scan ends)
oy
/
GEOMETRY OF MOVING, TILTED, PANORAMIC CAMERA
Figure 28
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The transformation equations for a tilted panoramic photograph can now

-

be written doim as follows:

y'= £ 8 | .
Arrcrdft mel oy
X'z FX2 o509 # #(,,J,,,g T3 el A
L2 ’

1—1 R

Stalic /’ﬂfl'ﬂ’m"( Film displacement

The difficulty with getting these equations into a rectifiable form is
that 4 not only occurs directly in the equations but also x2, tz are
functions of & while 6 is a complicated function of itself. The situa-

" tion is not so bad, however.

= tdn"é._z = tan”' [Y: cosr-X; .Slbﬁf’.,;’ihf' - ZJ Cosp < ‘n /’]
- Za

."' - .
[J'Sr.')-" +X,' Sthpcost f*Z" Cogp ol

1 y

- t’dn“' Yeosr - (X" —%—- JSInpsinl = -(Hr Y ‘9:.n,)6r5/>./nr |
YSJ*‘I’ + (X- %ﬁ‘)j/n/o cosr +(_H" .V,ﬁ_(/h/O)C/‘/o(aé/

= ton” {)’Cosr - X.{/n/of/ﬁr' Feospiinr + #:,‘b/a(/ oS P) Sinrr
b’:zn rorXxsinpcost rf LC.:P(OS, fg‘.’?(_é ') n,v(/-ro'/a) cos ¥

At Es/hl
F— € cosr

8 = td""% i dtfinu &s for the ntationary panoramic. tilted phot:ograph.

f L{L_s,n,v(/-msp) ve hava 6= Can™' vhere

" Defining 6"u :

Auuming 6‘ to be small so that higher poqers cen be neglected and

axpanding f in a Taylor's series about A we have:
R B M i

. )
6 = Tan"[{%‘* _5_5,',),»)(/, .0:,-)"]: f'dn-[/% + %.:/n,:r/.f %(’é.(/':{]

- tgn“’[%. % Sinry m:r")j

ENGINEERING REPORT NO. 5435 PAGE ¢g

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8



Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION K " THE PERKIN-ELMER CORPORATION

. . | _ 7 N\

= fan"% €L Acos i_g-_B—UhJ = tan A ¢ f QA;:/»,D(/ fn,DIAzofrE*)BwnrA
B yEr:

solving for 4 ,

o= [/ + FVysinpii-cozp (AHFKA £ B

In a typical case:

! ‘ Xzt, Y6, £33 Ve fmpl ms e mi K 4T IS TV

.’f/n/>= LY S ’(‘{’j/) z ey 2.9

L Az 6098) ~4(04)-202.098) % /7

B 6(.2) r4(2)(18) + 3(78) = 4. 94

4= [/ + hiX. 025 Jl‘f”]z‘%?b[i]) tan /Oo
66t (28 6r .6}

= [1r22:0¢] tanles

L - , S0 we see that for ali practical puryooel e Can'-’_g_ ‘and the trans-
SIS - fom:ion oquations can » be uud in the given !orn for: nctification

-An exuplo of a tectifhd pmru:l.c trnsfomtion is given in l'i.gure 29. ‘
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8 o
g “H = 15,840 ft.
e "~ / Tt - 11 1/20
7 P Swing = 2Y0°
T ' (11 1/29 pitch, 0° roll)
6 .// No earth curvature
AVl
e
4 S ;_.E} &
9
3 ~34 N 6
3 J3
2 P — 3~
{ ) < ]
L
| R T O - ‘ :
:.0 C 0 _ ,!’1}31;: Diugtton}; é 0 N| of P 0s
PO S L N H -29 |
) o . o ]
S / SN o ' 5‘ ' . -3 &
W Lol R A - [2-1o12343]"°
. ‘ | ' - ‘%-1' 0 1
T -
6 — -+ o Unrectified
-3 \fg j_ ONE MILE 8QUARE GRID ON GROUND
W . \ SHOWN AS TAKEN BY 3" F. L.
\ \ PANORAMIC CAMERA
-8 N~ \
Rectified \\ ) 1/2 Seale

-9 - : & FPigure 29
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3. DISTORTIONS CORRECTED ABOUT THE NADIR (Earth Curvature and Air Refractionm)

According to Fermit's principle, the fundamental principle of geometrical
opiticn, the path taken by a light ray betWween two points is the path of "quick-
est arr:l.val.." Expressed mathematically
(1) s / " ds- o

£

where ds is an increment of the ray path and n ig the refractive index in the
.reg:lon of ds, Euler's differential equationsa solve (1) and from them can be.
derived the llava‘ of refraction 'and reflection and the solution to our problem.

- If we use the system of spherical coordinates shown in the figure, we

have, assuming (1, ¢, 6) = nir)

ds= Jdrirride® =/t r? e

. h =) | _
(‘?\) ‘ r.f".z . /C-‘ - 0
"./ hdS = & l’)l/ff? 1"‘ r d’f = ‘, = ’. F Iﬂ

E IR =3
EulerS (’7(/d' :oh for fh:j prob/rm /S

(3) g? F /’9.%£> 0

Fr :nrfr' ~ _h 1
?’%f s ?ﬁ

At.f’—v 1= r,,- te tH rg= (J,,L‘.:»:_Fco-ty’orc‘ n,,w/,‘y
So : rie C .

Chsenrt  [[CRESAEFERT

4 ey T
Sy, _dl’

@ [ g
7’ /\//_/ I(‘I/‘ )

_3 8ee, for instance, Margenau, H. and Murphy, G., "The mathematics of Physics
and Chemistry,"” D. Van Nostrand Co., New York, 1943, Pages 195, 196, 199.

h]
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E = ¢enter of Earth

r = radius of Earth -

= altitude :

= angle of arrival of refracted
light ray GP

= apparent point of origin of Gp

= apparent origin of GP referred

®* to tangent plane

= surface distances to G, G'

= point on trajectory of ray GP

= angle between nadir and r

(polar angle)

polar angle of G

polar angle of G'

1 +5(r) = refractive index of

air

= 1 4-59 = refractive index of
air at P

r-R

dr

d7
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Lctt,ng D= 5:ns“ Cwe have

.Sl’n(\’, _,lf: f{f - l"“, :,&‘/u l"'(} : (flclilh V '(,leoli -’.’lv‘; 9\'

) 1t & TYES
Chen .
o / ‘/——610 it /, 6)0 & 4
Vi-03(-6)* / \// s \//+ [aER

%

o~

57 the Einomidl Theardtn v o

~

Ex/:dndz'ng ,‘I + Qll‘i%,f_lj

. <0 e : Il
[ =) (2i-0! 18-69) V7 |dr
$= )g[z. P {,'-;);’*{ (I-D") Jor
o RN | J—/.
(Lé)D o) 2=y T pMze-80 7 dr
/(/ R B S '”T« -5y ) 7

o r,;
‘ d/
/ [*)
l’ .

siuco tor o= conotant = np, thc ray path boems a otrd.ght un., we see

that oquation 6) boconu

(7) @/(,Dﬂ,

" It we change the variables :o s F-te, dam=dr, I slewH, =00 hp=

ke

Also, we see from the figure 'by the lav of sines
(10) e - __ter+ Ht »

SinY ,,//)(/ +- ‘
Solving (10) for &', we have

Tt

- - - kT
() P'= jin“’{;/n Veos WL+ & 3 /~5F(2+5;,~ tan¥: ’J}
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Putting the results of (9) and (11) in (8), we have, since t4an? = ‘%/‘: , the
exact expression relating points on a photograph, u', to actual earth surface
distance, 8, as influenced by earth curvature and altitude-dependent variations

in atmospheric refractive index.
5'::[:;'/',') ’j\" /"(f\./‘/lf t.—{/ 5/-\ ‘)Nli" ’]

(12) < i( Y- 2! 0*(:(9'--9‘) i dn~
/mfmf 00-0) p TG LT o

Ay

S8ince ¢ , £, are very small compared to 1, 5=/-(€-€,) - can be expressed
' I+

to great accuracy by a few terms of §: /-(¢-£p I-€+EHET ) . Taking

terms up to the third powers of ¢ , ¢ p in the integrand of (12), we get to

great sccuragy!
S=re 5//1"{5/7; Viss Y"r Bp f"/ ~Ep(2#8e ?To?r,“’fi’ff'é j A
(13) ‘ 3
~(E+%! »3'-‘,,7_12 3#—(5 +2ELE-Ep] 4F-¢ /rf‘L‘D‘J
(/fg)(, 0‘)3’ (- 7
If H 1is mll. compared to ry - say H '{s less than 400 miles, the £1nt term
in (13)--purc curvature term--and the 1ntegtand of (13) can be expandcd in
pmts ol ,,S;. If th:l. is done, the final fom of the expnuion for 8 viu

.

(7;)  ' ‘“[’ & (’—“) e '%/* Cofi) ]
where cho c'l are functions of the nltitudc, n, only. If H {s not small éon-y
{;'vpued vi_th Te, 1; would bo,best to; cxpreu_. & 1n powers of v. A fev terms |
~ should oaipro_ol'g,to f.he desired degree ‘ot accuracy. The integrand of (13)
could then bo_réducod to integrals of the form
[emizr®a:
These can be found ﬁirnctly in tables. oi indefinite integrals. The first

term on the right of (13) must now be used "as is" and the integral in (13)
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integrates t:o [ conplicated fumction of L. The resulting expression, hovever,‘
would hold at any dstance from the earth. . |
As an indication of orders of magnitude, we will consider terms up to

& ) )
the third power in {) §, and up to the second power in £, £y . The first term

,J
of (13) becms o -
S /’(@ I’(S/n {/‘71{‘/&“" it /O Z/ §[\.<~gf,'n, /) j} .
T At s S

/

\J

=tesin '{5,»5:/)?/(0:" 1 1+twn*y *_f(/f;tz)/zwmn /f-g, e T Y

Gﬂ . . - n’
4? s ,,f/wn,/*m"/:)

4 . v «‘) N - Ul Loy Y
= i oy mv[ 11 Eptan®t et an Y sl tan i ran t)]E = sip Pt ]

Using the power urhi expanoion of sin'lx,
sl=- /2{5,, th;_ jf-*p Can’ 7/’ /T_#'(ﬂh ’/)}

(e) .
= Hf&n’/ [l+ z‘an‘/tfg; ran?F(1+3T2n*Y) + "u (/m ¥z f{«n-"fv")]

In ordcr to evaluate the 1nt¢3rnd of (13), we uotc that

._'0:

j/l)V/
,,

(/7’41)5/” 14

(/7, : / Da"/ Slh V/L&‘l “"/ QY[ I-gpa-\*‘;f)ffih'“ ;»’{', r'/5(£'”f]
A - R {- ] . ..

U‘D"ﬁ ..taznV(/wp)[/ é,oufs,,)tdn’?n&(z*é)sw?ﬁ e :
. ) L -3
P = \3’) VJ?L”/ S K 8y [/ S,o(l+$p)fdn"7+§( ‘5‘15(’5“/”]'*" ‘
(+§ NS :
so, to the dui.rod order, tlu utcgrnl 1n (13) {s '

/tJIIVSCC‘VI(E Ep,[/ < ’*’Cﬂ: ¢ ‘(/JJIL((/I Sf) f'l f((m/()“(‘f.(h‘(/)z(l
/o

S+ ftr"/ (7+,’*J‘\"\7’)J‘—C2Hf'u""ffdn 758, ]xr' “*35 ffjf«f’h 7’-1/ ”

(/57 ' ~Htan'/J<x‘ -_,»/ (E “Sp)dar ~Htan ch”/[i/é({ ff)dnf+~(d/,”/i/: 9 //wj

k
+-Hta/ﬂ."564 ”_(lht:?n“?)f T /,~~c)dnr 2 htdn ¥ )ép —~/(£ -Epirv T
e -
+i.’eg2r(l+5~tih //g’“____’r)“‘ "'f)ﬁf ‘// +7 (‘l/‘“/(}'*ff@/"ﬂg '/{(C—Z/D)J o

A

M
—(2 i et 5 5‘)/ v ]
(2 f ey tan? //qn ol / |

ENGINEERING REPORT NO. 5435 PAGE 105

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8




Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

If we define the five dimensionless functions of H:

rk ,.'r.‘ 7
I Mooy . o : (1
Co= o ETEp e O g Sy Jdam oy Cp T g J, [ eliEp)olr
P ) e
(1)
( i
: _ | o . . P I R I
Cu =g ) Erspin iz T ISl
A B
we can express (18) as
g :
i /, PN s 7 -
| tanrsel Yy E-:;c).f JX; P ofor =
} . i [ - P
A
¥ - | ? Lot . . Y ca, 2t e
Franisect A, —(C; ~ZVan’y oy _--(/f::‘ Fyn™7 S0, XA ITan 7f/»-, vy
= 5 R L S rL Cantr7estant k4 ", 2
= y ] -
(2 401028 Y Can ¥l

Letting .« '= 7/— = tah ¥, we may now give the complete omprenion for § for the

second-third order appxoimation:
S =He! U -f‘__g- 5,, rzg_' (/fj,w’:/‘f, 1-,@ 2+ Sa’ )S;

0O pract (1o Xy = (6] rdr* D] PR ERE YN

=t (1t {{’*3“" FSpcy - (ar3at }“/-"//*3“{/*“ Yiarsw Fios - {2+ 1501t )’ "?37* J

It \dn bo noted that 8 is given in terms of the w' or photogruph coordinatu.
One can oolve for w' in terms of 8 by the uaual iterative process enployed
vhen an approxmte vnlue is knovn 1n£t1a11y. |

| i 'rhe ﬂrlt line ot (20) is pure curvature ef!ectl, the second pure refr.c-
tion offectl, lnd the third line is mixed curvature and refraction effects.

. To approximate the c"c, we can assume the dispersion, £ , is proportional to
the.d'enuty and the density varies exponentially with altitude. If we express

& a8 ‘i

—nlde
E=¢¢ Inf %

wvhere °. is the refractive index at .1~ =©O
Ao » H
dl e "t i ol = H,

" " ]

den:/t‘}/ ‘
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The C's are then found in the following way

‘ : s - —tH PR R
Letting 4 = - —,—:- /n_’.;';. Ina desining H=22 s AE T T P
Fe ¥ <

we have - .
./J/'- P SV S ~ BER ! le—é‘ S :;;
H‘:/ = - Eg e S F ! L ! ':'[-'I!' S JAS = - ’:0 : T * ’1/—{}1‘—)

- )
2Ry
= =& |dELE e L )

? \7;/ /( ! + 1_:’"/\::’//\;'*, 0{A(/—3’ 5i

- / e Y 2y
")
H . P . RbnT N
\:" / t(g‘é,a/‘ - = Co‘ LY - i AR A
2

w2 s _f.qr"u
_ s |€ LT X :,fé_f/ﬁ“
=& [—ib e | ’

o ;
h Vsl . Ty b Y
- L2 N R ~F it i PN A !
He, = /(& Ep)Tdar = £ B SO S S
S 2 A A
- : s i -
T S L 26 T s 2\
= £,3 = PREL NI VO N T EXQLY Al {A(/ B)-B|= { HEa 2]
_.«[V. } . 1A -~

. St N : RS » . ) b ) oy
HXCU = /(E‘SP)V(YI/V' = Eo/(/"."-"'egfli* 1w E ¢ H)’l s e Ea [ b (-/J[ + Zli 1-%1 e ‘t ]
o . ,
_ = H2(AG = Ef) . _ | _
' g - o bW I Y >R PPN Y i
,{RC,-J :/E éP/”V-Qd’V - to/ (/lf ./(— é‘{'/lr ¢ )d?f - f(« [{) (‘:g‘ ”‘%’I“‘?) ‘5,1{
’ 2 : - R B )

=K (.246,, g&, 5)

c,-£ [a0-B)-8]
Cix &2401-8°
C1=‘.C,z":'5.° B¢,
C, = AC, ~%€.8
Cip = 2AC, - 4.8

At very high altitudes
C, > A
c, — E;’Q}
Cy —> {f%
C, > 5 A7
Coa=s 26,A7
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The refractive index function was chosen to match the ICAQO standard atmos-

phere at H= 0, and

0 = 3110% fr. This glves the function

PR Y ' AR S
N 2PN » (See footnote 9)

et )

To see if our expression for the variation of refractive index with al-
titude 1s accurate'enough, we evaluate the constant C; for a height of 3310%
ft. by Simpson's rule--a very accurate approximatioé formula Lif the intervals
are taken small enough. The ICAQ standard atmosphere is used with interpo-
lated values to reduce the ;ize of the intervals. The very accurate inter-
polating formula =,/ /. 1is used where d is the density at altitude midway
between the altitudes at which the deﬁsities ;te dl'and da2. This formula is
a consequence of the C/;.i,g_'[“' _expresgion. C; calculated in this
vay 18 8,02 x10°5 for H = 3 » 10 £t. Calculated by the formula ¢, =< [ 40/
ve get Cp = 7.68 x 107> -- a difference of 4.4%.

Since the largest correction for refraétibn ie .32%, the maximum error
gaused by using this approximation would be .013% -- an allcwable eftor under
the extreme condition of tan’/ = 6 (/ = 80.5')..

It will be noted from the tables that even three correction terms for
earth curvature may not be enough to achieve sufficient accuracy at some al-
titudes. From these tables wé can also see that at these extreme conditioﬁs
the terms N; and M), can be neglected, whieh aimplifiea the equations. For
smaller values of tan /, other terms could be ngglected. We also consider
the question of whether temperature variations near the ground caused by solar
heating may appreciably distort the picture. Using data obtained experiment-

ally of a rather extreme case and published on.page 166 of Geodesy by Briga-

dier G. Bomford (Oxford, Clarendon Press, 1952), example (i), the experimental

9  The magnitudes of the C's and the relative magnitudes of the different cor-
recting terms are given in Table 1.
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equation: R A / e f

o = A

may be derived. For the one or two hundred feet above the ground for which

this relation holds, the approximation 77/ (/- R S ST

- 18 good.

\J

The error caused by this effect in the constant 01 at H = 3110“ feet

where the effect is assumed to die out at H = H,= 100 feet is

Hy . _ -
P . e d : ‘ B

Assuming 7. - 7oA feE fen. gL w0

A = it RIS el B

SoAIT L

5

As C; 1is about 8¥10" , we see that this effect is entirely negligible at an-

glesﬁp to the 80° we have been considering previously.
4, DISTORTIONS CORRECTED ABOUT THE PRINCIPAL POINT
- (a'): ‘Non=-Planar Focal Surface |
An exa;nple of radially dependent curvature of the focal surface
is shown in Figure 1il. If the film has not been npprec;iably. stretched
. in fitting it to the platen, the arc length r' is derived in the fol-
' lov;ing way:

Correction for distortion due to curvature of foecal surface of a
v lens.

From Figure 31

Lt R I»
A N T /-_;——:;““r’ ," ) N
! ,-"_‘ e . v ! 1 4 v ,
// " f.‘
= P
VAR P
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It 7, L5 & then *
I ar ~N 1 2
rit ' Y
I S L ) ) - , 7 et o
/”:‘:/;’/f- ;7-; fr = p- S+ 3i(as a7
W L NI : L
In this particular example
I L0038y K (or & L0t L Tl
'55- s Zlocagriib , rE AF AN IS Tomog 2
- * ),
] ’ ey L /’; ':',' - ,"{"’“t ';'P’ ‘ - I Ll e ::,. \:"_ e -’,‘,‘4‘:;_ ’ , ~
= ri/- R —:/’-" v/ o : % M ;
N S F U Ry Flp-e0rsa
Corresponding to .25% error
Yor 9 = 15°, we approximate
Z - .:\,_ _,1 :‘_.:r. ,., = ( R ‘_; “- "-__: )
Z o~ el SRS T
r = 6043”, Z = _.103"
oro . Cwadil .
:“-/ ‘%)‘C/r = L,0N L r ,."' ,' L '~'-""'-f":;) A'Jf;f"— R P AN N S oAy v
0 ";; .

_y ST o . e
TR o A A «-f{,»l Sl (F IECHRARART I A SR S D IR R G NP APy

_ Odrro-mding to .42% error
~$, . MISCELLANEOUS DISTORTIONS
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\ ="
;:'“' I : Feom Snells Lauw-
: i . A
5 +an @ = r+dr - I'_'
| Ho.
i : ' : - T, _ /
X o dr = 't ‘t “p [’ fn‘-Sec‘-fP‘*ﬂ\??]
[ r'= -{:—[V"ft taw @ |- { ‘ ;j
; \ ® | H | @[ h\)7+(n::);t”1.?.)
N : - Whindowr
| e bang = G

‘ 1) NJS:A th ’ | ) '
) : * ré3vac.® Sl ¢ ]
L . . ! \

: ~ 2+ /-
o Y r' = E 5 (1 T )]
v ' ’ L -

WOVS‘{' Case {s 'Colleh -E——-—)"Q
Then

r = ‘f" [\1’ H] |

I§ t < /o -t Ho o ths
C.orre:,‘f’:oui heglljlé/e,
S eq. TF f:

:E- 15 hcgll 15/& §ar-

a/-/n‘ de < greater
thaw 2500 £

. ) N .
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' | ' . \\\\ |
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o . \\ .‘l‘
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-

CORRECTION FOR_RAPIILY MOVING BOUNDARY LAYER

. In Liepmann's ?aperl%n the deflection of a light ray by the boundary layer

' of air' moving past a rapidly moving aircraft, it was considered that the ~velocity

distribution was a function of the normal distance from the skin only; and this
distribution was in plane parallel layers. It was considered that if I, was the
angle at which the ray enters the boundary layer and /' the angle at which the

ray leaves the layer, then Snell's law holds so that

C o) . [P
S gy 7i YL

! —_ e T et e
YTy N2
L]

{444

‘Figure 33, REFRACTION BY BOUNDARY LAYER

. From urodynaiic considerations and the perfect gas law, Liepmann says

fg R <~ '2."'
.HJ

— ] 1+ &< i
= 2 .
vhere ;* is the ratio of specific heats, .. is a constant related to the Prandtl

number, and ' '? is the free stream Mach number. From this he calculat:es the angle

of deflection == % - D., and plots ———';‘ as a function of [

and altitude.

o
v Ao oo

1o Liepmann, H, W., "Deflection and Diffusion of a Light Ray Passing Through a
Boundary Layer,' Douglas Aircraft Company, Inc., Report §M-14397, 16 May 1952.
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However, if in addition the ray goes through a plane glass plate in order to enter
the craft, the final direction of the ray will depend only on the free stream re-

fractive index and that inside the aircraft. If the inside temperature and pres~-

sure are equal to that of the free stream, there will be no angular deflection.
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C.  FILM DISTORTION

From the instant of exposure the film beging changing its size and shape.
This distortion is due to many causes, the most important of which are humid-
ity changes, temperature changes, changes during processing, and changes due
to long-term storage.

If the changes in size are uniform along and across the roll or sheet,
the distortion is only a change in scale and is equivalent to a different
focal length or altitude. Unfortunately, most films have different coeffi-
cients of expansionm across and dong the>£11m, thus giving risd to a true disg-
tortion. V

} All of these distortions can be corrected by the electronic rectifier if
the magnitudes are known. The correction is quite simple since the x and y
coordinates of the rectifier correspond to length and width of the film. All
that is required is that the over-all multiplying factors for the picture be
entered into the computer. All x end y coordinates will be multiplied by
>the|§ factors during the rectification. There are interesting possibilities
for correcting for distortion of the rectified film.ba£0te ié is printed. It
wili usually not be necessary to correct for :empérature and humidity changes
of the rectified picture singéAit will probably be used at the clmc'lnbieni
conditions in which it was rectified, but the procﬁaains shrinkage can be pro-
grammed into the computer so that the rectified picture will be correct after
processing. | |

All of the temperature and humidity conditions of the film during expo-

sure may not be known. It is, therefore, desirable to have accurate reference
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marks, suéh as the distance betweaen fiducial marks, on each exposure to cid:
in finding the correction factors for the computer.

As an example, let us assume that a photo is tak@n on Kodak Aerographic
film and {8 to be rectified onto the same film, If film were exposed in the
aircraft at 10°F and 107 R.H. and rectified at the Kodak recommended condi-
tions of 70°P and 50% R.H., the following changes in film size will occur:

The rectified photo will be used at 70°% and 50% R.H. so it is desired
to correct for the temperature and humidity changes in the original and for

the processing shrinkage in both the original and rectified photos.

Rumidity v
: ‘ 502 - 10% = 40% R.H. change. 1

Length (y) correction = 40 x 8.5 x 10-5' = 3.4%

width (x) correction = 40 x 9.0 x 10°3 = 3.6% "

rm erature , : ‘ »
70% - 10° = 60°F temperature change

. : ,. Length (y) correction = 60 x 4.2 x 10:5 = ,25%

Width (x) correction = 60 x 4.4 x 10 5"., + 267

Procou'ing Shrinkage

Length (y) correction +05% -
Width (x) correction .067% .
'The rectified photo must be reduced in size by the midity and temperature
‘corrections and increased in size by " the pfoceuing shrinkage co_rw_:ection; . The
processing correction must be applied twice, once for thd; shrinkage of the

original and once for the shrinksage of the reproduction,.

11 Values of film distortiom h'ctorn are taken from "Kodak Materials for Aerial
- Photography,"” 4th Ed., Page 9, Eastman Kodak Co.
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Over-All Corrections

Length (y) corrections = .9966 x .9975 x 1.0005 x 1.0005 = .9951
Width (x) corrections = .9964 x .9974 x 1.0006 x 1.0006 = .9950

This process can be extended to cover all of the listed distortions of
both original and rectified films. If desired, long-term distortion could be
included so that the rectified photograph would be distortion free after a
year's storage.

It is recommended that Dupont Chronar base films be used for the reéti-
fied photograph since this base has excellent temperature and humidity coef-
ficients, good optical clarity, high strength, and since it contains no sol-
vents or plasticizers, has good long-term aging characteristics.

John Centalzgives the following coefficients for Chronar base:

.

Bumidity coefficnent: 1.0 - 2.0 x 10-5 in/in/7 R.H.
Thermal coefficient: 2.0 x 10°3 in/in/OF.

He also states that accelerated and normal aging tests show no indicé-
tion of base change or deterioratlon. |

In an inatrumén: of the precision desc:ibed'tn this report, every effort
should be made to prevent ﬁeéradation of the results from e#ternal sources.
Chronar base films will aid in atteaining this goal, and their use is highly
recommended., | |

In the worst posiible cases the distortion due to film éhangea will prob-
ably never exceed 1%, and ,1% is probably a typical figure. All of these dig-

tortioms in either the original or the rectified photo can be corrected with

an electronic rectifier.

12 Centa, J. M., "Performance Characteristics of 'Chronar' Polyester Photo-

graph’.c Tilm Bu‘," Pmmmmlc mo, Vol. 2, No. 4’ Sept. 1955,
Page 539.
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D. LENS DISTORTION.

Lens distortion may, under some conditions, cause serious errors in the
geometry.of the photograph,

Aerial lenses very from extremely low distortion lenses, such as the
Wild Avigon, to lenses with very high distortion, such as the Zeiss Pleon.
The Pleon is a very wide angle (136°) lens which is designed with a large
amount of negative distortion in order to obtain better edge illuminationm.

The two important types of lems distortion are: radial or linear dis-
tortion, which 1s a linear displacement of the image point radially toward
or away from the principal point. The positiQe direction is taken as being
away from the center (See Figure 36).

Tangential distortion is a displacement of the image perpendicular to

radial lines from the center of the field. Tangential distortion causes a

- straight line through the center of the field to image as a curved line.

Improper centering of the element causes bent axis distortion. This
is equivalent to a small wedge in front of the lens and is discussed on
page .
| Although th_e best m;app:l.ng lenses have distortions so low as to be neg-
ligible (the Wild Aviotar is claimed to have a maximum radial distortion of
5p or .005 mm), it may not always be possible to use such a lens. It appears
that lens designers could design lenses with better resolution if t:.hey éoul.d
let the distortion increase. In view of this, it is desirsble to have the
ability to correct for lens distortion in the rectifier.

Figure 34 shows the radial distortion curves of two mappit;g lenses, the

Planigon and the Metrogon, and of the wide angle Pleon.

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

PAGE 119




PR

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING & OPTICAL DIVISION WIV“’THE PERKIN.ELMER CORPORATION

Other examples of magnitudes of distortion that may be expected may be
found in military specificagions. Mil-L-4325A(ASG) is for a 36-inch, £/8,

9 x 18 format, aerial reconnaissance and spotting lens. This spec calls for
a distortion not exceeding 10 mm. Correction during rectification would
greatly improve the accuracy of photos made with this lens though it ob-
viously would not be used intentionally as a mapping lens since it has a
distortion of about 47.

Mi1-L-7367B(ASC) 1is for a 6-inch, £/6.3, 9 x 9 format cartographic lens.
The maximum tangential distortion is .02 mm, and the maximum radial distor-
tion is -.17 mm at 45°. This results in a radial positional error of .1l1%
and a tangential error of .013%. Obviously, the radial distortion, as is
usually the case, is the more troublesome.

Distortion characteristics of lenses are usually given as curves of dis-
tortion vs. radiai distance as shqwn in Figure 34. Correction of distortion
in the electronic rectifier is quite simple for radial distortion but is con-
siderably more complex for tangential distortion. Although feasible, it is
probably not advisable.to correct for tangential digtortion sincg it is so
low in good mapping lenses. '

As a typical example of a good mapping lens, the Planigon is duscussed
here. Mil-L-6637B(ASG) covers a Planigon aerial cartographic lens 6 inches,
£/6.3 for a 9 x 9 format. This spec calls for a maximum tangential distor-
tion of .008 mm and & maximum radfal distortion of .012 mm, The maximum tan~

gential distortion usually occurs at the maximum radius Dp = .008 = .0052%.

A 152
The maximum radial distortiom occurs at 130 mm radius (Figure 38) nR z 012 =
130
.0092%
ENGINEERING REPORT NO. 5435 PAGE 120
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A rectifier operating at an accuracy of .0l% could not improve these

figures,
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Figure 35. DISTORTION FROM PRISM IN WINDOW OR LENS

Radial n'u tortion 'rangentiai Distortion

Figure 36, TYPES OF LENS DISTORTION
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Distortion due to prism of lens or vindows. (See Pig. 35)

If the prism angle is « and « is small, thdn quite closely
;1,4:/,?_-“ /7 - . e N 13

€ &, =& = [ () P N SR
(.

2
) L

The distortion is worst at large angles - , and since the largest

may be around 60°-80°, we have for a bad case, . . oo

A AR A AL y sArE Ly o S

A N L ) B P T A

e = = = J,_.)_'Z_:':-‘ L o~
¢ ~ e
8o if
3
S8 = 7077 /4 F T 6 m Theh < = 1 e 24720 T rveA
o ) é

Fer #7945, 2in = ceid s dv 9pd €= [(2.5=1% 1] 7
". ! .

é':cf:% SR E L7 ~-£ﬂ=/«fr’,f*x:': I
ST 14
,r RN S 7 o

6. o'rm APPLIGATIONS or RRCTDICATION !QOATIO)B
B (a) One scheme of rcctiﬁcatun consists of a readooat dnn rotatinz
at uniferu speed with the read-out printing spot trmling at uniform
opud parallel to the axis of the druu so that {t ttavcls : one line
width in one rotati.on. The eqnputer would pooition the rud-in drum to
the propct spot for ptck-np. In ord.r to get an idea of ‘the valocitiea
and aeeolarati.m required of the read-in drun for this ochm, ve must

calculate the partial derivatives involved in :he equatton.x

13 Washer, F. K., "“The Effect of Prism on the Location of the Principal

Point,” PHOTOGRAMMETRIC ENGINERRING, Vol. 23, June 57, Page 520.
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4

X = X’(X} y)
AR AC NS

R AR - ST SR
e x y; !
A ? N ~ N
jJL 2y = EZ-LX,'JL/ TV e, Yy \l
/o‘ a X / v
s ~ 2
= aa,:' Ay 7 43‘,",1» S ? Z - 2 L. LX‘V’_X - o
/‘/ R "‘:-/
8imilarly,
V/ = Y., N o,
y T £ Vi rz2) Yy
v AX Yy
’
P sy R y2 LY :
Ay = 2La, I S TN Pt

v
/("‘/

It 1is likoly that the tilted panoramic photograph vill be one of the
nost diff:l.cult to follow by this system, so we calculate the appropri-
ate 'devtations as follows using the transformation for a stationary
camera as we are mainly concerned with the large distortions.

We have

VI: S tan™ (-

X'= f(aY+bf}
JOOTFO)E

| ( )/1,“{ )1: =(¢z* 74”1%":4’,‘{:;},4,‘ etrk2) 2= 2(cd ARy~ UL f-:(cv'e—h/()/?‘
Let . - ‘ | |
J=Sint sins
a= (-j*
b= jf
C= jsintcoss

i - - R
»-f N e T

C= sinlces ¥
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Then )
C3rg2 = j2(5/n"tcos™s # Cos?T) = 2a
d?+h* = ($/initcpss v(6s3t) = a
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Swmmariging these functions and derivatives, we have with

IR & ST P I S I AT T A I I
X'z _Fas
1! s ‘}/ ;k' '5 [N
JK::"f;\{’/(J/‘"/' 7
BY; (',u’*)’:‘/“
2X = - Tany
2y {exryd)ia
“.‘"‘ - Ji[:\ﬂzr’——/ i /4-,:4v“ {
‘ _ai_!_: - _-L’— [4’ ‘7)‘ :¥a "3_/’/“ .-Lv"_l
.d,\dy | (,‘{ fyz),’;{
ézz’ = ‘f/'b/-(/( M*___;
'Byl (.(,(2?\/):>
vz £ Tan "I[(-/ X ,,{ re f)} = 45’
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[Tgx h/ rRE)D
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a); o2t y%)
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Por the case of print-out at a uniform veloecity in the x direction
(uniform rotational velocity of the print-out drum), we have, if we as-
sume V, <K Vyy

Vx = Rw vhere R and w are the radius and angular vefocity of the

print-out eylinder.

Also v/, = a, = y =& io,
!
~ F e 2 AT
Uoow Kiw® iy 5 AR e sy e e
v " xe L
< +7~'-,"i
V’( ; - 2 g 7 Py KJ.‘/ \
y' = f? w ; = T z (‘-‘.L_
)) ;‘;,.“"7“)/‘1“

For a representative case, R = 4", w = 180 rad/sec. ( 1800 rpm) for

pure pitch, (8 = 270%°); p=t, § = -sinp, a = colzp, so that /¥
' f=3",5/Ap=.2,Cerp. 98, a9 and
'—'J)( e Tl o
Cdung u about -3, we have

Ayiz = AN HDANG =5 L g
(1Y% . (97 y2 %

Ay = ,g(,nqz(,u R A 3. 72x14 =Y -

: (7ryYI % (70777

_ rron thi.o ve see that A is greatest at y = 0 vhen
“—x‘“”é ‘7r/0 (ntsecr= ~i714 '

Vhen y = 4. |
ﬂ.y{:

N
~>
2y
1y :
'Y
~5
13
L3N
b N
3

Y 6 .
éLZ_H)_& 11107 = 2864
(1 .
y=2
y' - 2 2(223)05 = a0t =ity
/3%
Tt
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These accelerations show the infeasibility of positioning the read-

out drum in this way,_

(b) Another scheme of rectification is to print-out by having the fly-
ing ipot cover the rectified photograph by small squares centered on

. . equally spaced index points. fhe points on the unrectified print cor-
responding to these index points are computed by a digital computer from
the equations of rectification. The position of the pickeup scanning

{ befl is then-de:ermined by an analog computer from the Taylor's series
expansion of the equations of rectification about the index point. A

t: | question that arises fn this connection.ls how small m;st the squares be
P ' - in order to uao'only the linear terms of the series cxpanaion. Again,
the tilted panoramic eaﬁera probibly offers the most stringeﬁt condi-

tions.

The general Taylor's series expanniono are:

il 2 . ‘/_’_v‘ . \\,.v/."
i . . AX= X(kff Yr€) = X(X y) = ).X e +_Q.( tEg_ e ---,'.,,1._:_.;‘_-%_..’... el by

c[ /,';/' R Y _;;/‘, /
P :
/Ay—»z_m ﬂ70(§y re >7
. Por cnnll values of £ and ¢ and tvay fton the points where x = 0

[ N .'or y=0, tha second term ahould approxinate thc error in using the
L‘ ' ' : ' *

linear term only. Lettingtd-é we have as the errors 1n ox'y, Ayt

E(AY) ﬁ-(%i +.<_,¢_J(._ o2 Zal _,§__}__l—zjm Y {,pru,-,-',‘mA/t ¥ /,—“/’x
Xy ’,“/ 4&”7}1\’("“!7 . 2‘:‘/
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ENGINEERING REPORT NO. = 5435 : PAGE 129

Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8



Sanitized Copy Approved for Release 2010/12/09 : CIA-RDP74B00752R000100160001-8

ENGINEERING REPORT NO. 5435

ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

These errors must be less than 10°3" go approximately .0552 = 10°3
or §2 = 2,1072 80 § = ,14", and it appears that the size of the print-out
squares must b; of the order of 1/8" or less to neglect second-order
terms in the Taylor's series expansion.

Figure 29 shows the relation between the rectified and unrectified
photographs in this case ﬁd also the relation between a 1/8" square in
the rectified plane and 1:ts counterpart in the unrectified plane.

(c) Accuracy of positioning considerations.

If a certain percentage error of positioning 1s made in the recti-
fied photo_grlph, the corresponding tolerance is different and usually
much more stringent for the unrectified photograph. The relationohiﬁ,
for instance, between the errors 5y’ in the y’position of the unrectified
photograph and 5)/ in the y po-zition of the 'rectiﬁ.ed photograph for the

panoramic transformation of a level camera is

-~

| }'yz - 7”’;%-,“ = Ly oce
For y = + 6, this shows that the positional accuucy required for the
raad-in oystem must be five timen that used for the read-out ayatem and
ten tines this for y = 9.

Referring to Figure 3, the scale of an image on a tilted photograph

is given by the expression ¢: - - ¢ .-

o

s where u is the distance from
the axis of tilt., Comparing this with an untilted photograph, we have

as the ratio of the scales,

.
»)..
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This ratio &s smallest when u has the latgeat negative valua. For a
camera of angle /£, the edge of the film is - -,.:'distant from the prin-

" eipal point. Therefore, the largest negative value of u is

pin = = (FEang - Flank)

cind the ro Fin iz
]

‘5; - It ?,“d/:_,ﬁ*“f,--'/»; = iy T

The value of tilt for which this i{s an extreme if found by differentiate

v

ing this expression or its inverse, putting the derivative equal to zero ' -

'anql solving for t. Doing this, we get

S R - I - . - ~
] _." o ( [ 8 74 z "_i._,_ v( < C - = .
. . X - A a8
FAanS ~tAnI = Litsn XL Tectl o= fan S(rv T35 5
- - X = N Bt
- - S Pt
e .
) C [ + N, P -~ = 7 .. 2 N, WE
(’(’.‘d‘*i/j = TR & i~ Tan L = TFa Lo id Sae T
R )T Tt =
v odnd
. "J .. : - " ..
A
N noh - - .
: 'Z‘,_']fl/ﬁ(/* TanTs ) = 2tan L
3‘0 . . ) .
) 2 -
Udn _I_ t Zn. T an / £
. T.‘,c(,,‘;/é’
tin _;_ = S e 2 d (,—,-n//i/,- -/}
LI f’)”fﬁ)" < " T s

and we see that the maximum decrease of scale comes when the tilt is

\

equal to the half-field of view of the camera. This scale decrease is
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7

/
[+ s/nf ( linf— (1=

-1

‘j -

. 21
038))
/

8o .g_—.cosp’ or sbout .707 for a 90° lens, which is the widest angle lens

t
of cartographic quality likely to be used.
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