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CM Command Module
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CsM Command Service Module
DEX Design Engineering Inspection
EXC Eastman Kodak Company
EMI Electromagnetic Interference
G&N Apollo Guidance and Navigation
IMC Image Motion Compensation
IMo Inertial Measuring Unit
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NASA Division |
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" ——BSecretary of the Air Force Special Projects
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SECTION 1
SUMMARY

The purpose of the Apollo Mapping end Survey (MiS) system is to photograph,
the surface of the moon in preparation for a manned landing. The survey
Camera Payload (C/P) 1s that part of the MS system whose purpose is to
detect hazards to the manned landing craft by means of very high resolution
stereo photography. A camera gystem well suited to this task has been
developed by Eastman Kodak Company (EKC) under the sponsorship of the
Director of Sﬁecia.l Projects, Office, Undersecretary of the Air Force
(SAFSP). This C/P has been proven to be extremely relisble, it produces

' photographs of exceptional quelity, and it will satisfy all the survey
requirements of the MS mission. '

Reported in this document are studies of the modifications which will be
required to adapt the C/P for service in the Apollo vehicle. These studies
show that the existing payload can be modified and installed in the #1 bay
of the Apollo Service Module (SM) with a minimum of modification to the SM
itself. Furthermore, the basic simplicity of the C/P makes it readily
adaptable to either very high resolution strip and stereo pair photography
or to wide coverage high resolution panning service. Predictions of per-
formance appear in summary form in Section 3.10; these predictions are
predicated on an advance in film manufacturing which is required to increase
the exposure index of type 44Ok f£ilm from 3.6 to 6.0. While the necessary
advance in the state-of-the-art is by no meansg certain, it is considered
very probable. (An sdvance in film characteristics to the "optimized"
levels indicated by the customer-required study of .ection 3.10.3.3 is much l
less likely). The M8 program will also benefit significantly from other
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EKC sponsored research and development activities such as that devoted to
ultra thin base (UTB) films vhich may increase coverage by 60% at no increase
in film weight. '

Realistic simulations of photographic resolution and scale are furnished
in gection 3.6.4. Several of these simulations show the Lunar Excursion
Module as it will appear when photographed on the lunar surface by the EKC
system.

The conclusions drawn from the study effort are that the existing EKC

payload can be easily modified to:

(1) Provide maximum resolution of the lunar surface in strip,
stereo pair, or panning service in a simple, flexible, highly
reliable system.

(2) Cover all of the selected landing sites in either a 2-day
(panning) or a l-dey (stereo pair) mission.

(3) Provide a maximum growth potential for follow-on lunar and
space exploration.

(4) Provide optimum cost effectiveneas by using existing facilities
and AGE together with qualified flight hardware.

1-2
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SECTION 2
INTRODUCT ION

2,1 BACKGROUND

This document describes a study conducted by Eastman Kodak Company to
evaluate the design modifications and interfaces necessary to adapt an

existing Photographic Reconnaissance Payload to an Apollo spacecraft,

Project Elba, the designation for this project, was first revealed to EKC
by the Director of Special Projects Office Under Secretary of the Air Force
(SAFSP) and the National Aeronautics and Space Administration (NASA) in late
December 1963. Subsequently, a feasibility study was conducted by Kodak and
a report (SP-114-009) submitted. In June of 1964, EKC, in cooperation with
North American Aviation Space Information Systems Division (S&ID) initiated
a study specifically aimed at:

(1) 1Integration of the payload into the Apollo spacecraft, and

(2) Missions which could be accomplished using the resulting
Apollo Mapping and Survey System.

As a parallel effort, EKC, supported by NASA and/or NAA/S&ID, conducted
payload design and performance studies, and in coordination with NASA and
NAA/S&ID, developed payload interface specifications.

Initially, completion of the study was required in December 1964. However,
redirection was received on 17 July 1964 (CCN-1) requesting that EKC present
the study results at a Design Engineering Inspection (DEI) on 30 September
1964, To accompliéh this effort in the shortened time, several areas of

2-1
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investigation were delayed for completion after the DEI. These areas in-
clude studies related to-V/h devices, requirements for operational testing
on earth orbits, test equipment interface studies and a special photo-

visual lunar exploration study.

This report, which is presented as a backup for the DEI, must be considered
as a preliminary effort and will be further enhanced in detail with publi-
cation of a final study report in January 1965.

2.2 SCOPE

The primary objectives of this study were to:

(1) Establish the interface necessary to physically adapt an
existing photographic reconnaissance payload to the Apollo
vehicle, and

(2) Determine the ability of the payload to photograph lunar
landing site hazards.

The ground rules upon which this study was based were established by SAFSP
and NASA and include the following:
ILunar orbiting would be at 30 and 80 nautical mile
altitudes.

Orbital inclination angle was not to exceed ten (10)
degrees

Stereo coverage of the ten prospective lunar landing
sites over a one degree lunar square is required.

Mission duration is a maximum of eight (8) days as a
design goal, but may be only four (4) days on the first
mission.

2-2
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Goal for photography is:

Measurement of +2 degrees of slopes up to
12 degrees and detection of two standard
NASA cone hazards with base angles of 38.6
degrees and 26.5 degrees respectively.
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SECTION 3
SYSTEM AND SUBSYSTEM CONCEFPTS

3.1 INTRODUCTION

The primary objective of the survey portion of the Apollo Mapping and Survey
Mission is to acquire stereo photography adequate for certifying the topo-
graphy of LEM landing sites. The survey camera subsystem must (1) provide
best possible lunar surface resolution for detection of protuberances or

holes represented as right circular cones of 38.6° and 26.5° base angles,

and (2) measure to an accuracy of #2°, surface slopes in the range from 0°

to 12° relative to the local horizontal for circular areas 30 feet in
diameter. The Apollo M and S Work‘Stdtement specifies a requirement for
detection of adia.meter right circular cone,ﬁ in height.
This specific requirement was removed and items (1) and (2) above substituted.
However, thcone dimensions have been used in this report as an )

indication of the minimum size cdne which constitutes a hazard.

The nominal, primary mission is specified as having a Y-day lunar stay time.
Orbital altitudes are specified as 30 #1.1 n.mi. (2 sigma) and 80 1.1 n.mi.
(2 sigma), the maximum orbit inclination is 10°, and maximum orbit eccentri-
city is 0.0009. .In accordance with the Work Statement furnished EKC, a
manned lunar landing is not to be attempted on the primary survey mission.
Spacecraft attitude in lunar orbit is to be controlled by the Apollo servicd
module reaction control system. A limited amount of fuel will be carried in

the service module for orbit adjust maneuvers as required for photography.

54\’
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The basic problems in lunar photography arise from the surface characteristics.
The albedo (i.e. surface reflectance) is very low, particularly in the flat
maria areas which appear to be desirable landing sites. Contrast (determined
by geometric factors) is also low and the photometric properties of the surface
are such that low-to-low moderate sun elevations are requred for contrast
enhancement. Long exposure times, compared to normal earth photography, are
necessary for verification of the lunar landing sites because of the low al-
bedo combined with the moderate solar altitudes needed for contrast enhance-
ment, Photography at sun elevations less than 15 degrees must be avoided
because of long sharp shadows. Shadows are sharp and black, and hazards
within shadow regions cannot be detected photographically because, unlike
earth, the lack of atmosphere eliminates scattered light as a source-of
illumination in shadows. The nominal good lighting band is taken to be

15° to 45° in sun elevation.

The lunar photometric function taken from Eimer's curves of Fedoret's
observational data has been used to establish exposure criteria for photo-
graphic dtection of surface hazards. The exposure criteria accounts for
cones of various base angles, sun elevations from 15° to 60°, and camera
line of sight orientations, and has been computed for an advanced version
of L44Oh-type film having an exposure index of 6 instead of the actual value
of 3.6.% The exposure criterion developed in this manner is the basis for
determination of dynamic performance of the photo subsystem. Lens perform-
ance has been proven and the effects of smear on resolution are predictable.
Thus, great confidence is placed in the system performance estimates pre-~

sented in this section of the report.

* Advanced type 4404 film (EI = 6) is not a current production item but,
based on current company sponsored research and development, high proba-
bility exists that this film will become a standard production item during
the Apollo lunar flight period.

Type 44OL film (EI = 6) requires longer exposure times with resultant higher
smear,

3-2
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The method of obtaining stereo photographic coverage of.the lunar landing ..
sites at highest possible resolution within misgion constraints is. explained.
The coverage modes stress simplicity in camera operational.concepts and in
mission conduct with the aim of preserving the superior resolution capa-
bilities of the photo éubsystem.

If the reader has not already done so, he should turn now to the photo-
graphic simulations in Section 3.6, .viéw the demonstrations ofh
ground resolution of the lunar surface (with a LEM model), and see the
striking ability of stereo to probe.down into the tiny craters om the.
moon. After viewing the simulations, the reader should return to. this .
section and read about the photosraphic subsystem and methods which make
this type of photography possible.

3.2 CAMERA PAYLOAD SUBSYSTEM DESCRIPTION

This section provides a brief description of the cemera payload and also
a description of the various photographic modes in yh:__lch it can be operated.
A complete description of the camera payload will be found in Sectiom 4.0.

3.2.1 ¢/p

Refer to Figure 3-1, a schamatic diagram of the payload. Light rays from a point
on the moon passes through the open viewport doors, is redirected by the
 stereo mirror, and is focused on the £ilm by the lens. The film proceeds
from a supply reel to a také-up reel.by.wév of the looper assembly. The
£ilm velocity is stabilized at the exposure station by a platen of large
inertia; as the film passes a narrow slit in the focal plane of the lens
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a latent image is imposed on the film. The looper assembly and the multiple
speed drive both contribute to proper exposure of the film, the multiple speed
drive by advancing the film at the same rate that the lunar image advances due
to the motion of the vehicle and the looper assembly by permitting most of the
photography to take place when supply and take-up reels are motionless.

The C/P design philosophy utilizes on board systems to the maximum extent
possible. However, an internal programmer can receive commands to initiate
photography and control subsequent camera functions. The programmer will
require orbital information for proper selection of a program; it also
requires periodic synchronization of its clock with an orbital reference,

for example an occulation signal.

The thermal control concept is based on establishing values so that
temperature is controlled adding heat to a thermally isolated payload. This
system éonsists of thermistor temperature measuring devices, strip-heater
elements, and both conductive and radiative insulation. . A complete descrip-
tion of the C/P thermal control system appears in Sectian 4.9 of this report.
The electrical system includes mirror positioning servo control circuitry,
power supplies, cables, timing mark generators for coding the film, instru-
mentation circuitry, a command processing unit, V/h, exposure control, and

automatic focus devices as required,
3.2.2 Modes of Operation

The basic modes of C/P operation are:
Monoscopic Strip Photography - This photo is a monoscopic strip of in-track

coverage obtained by operating the camera continuously for a significant
period of time. The stereo mirror position and obliquity (vehicle roll)
angle may be set, within limits, to obtain the most favorable photometric

function compatible with coverage and performance.
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Alternate Orbit Strip Stereo - Alternate orbit strip stereo is a special
case of strip photography. See Figure 3-2. On odd numbered orbits, for ..
example, photos are obtained using a forward stereo angle.. On even numbered
orbits a rearward angle is used. An overlap pattern of successive orbits
places the center of one strip at the edge of the adjacent strip thus -
assuring .bne on-axis high resolution picture in each stereo strip pair.

(An obliquity angle may be employed, if desired, to minimize redundency-

at high altitude, improve coverage at low altitudes or to enhance the
photometric ﬂmcti_on.)

Stereo Pair - The stereo pair, unlike alternate orbit stereo, achieves
convergent stereo coverage of a finite in-track area with one pass over .

the area. The stereo pair is obtained by first photographing an area with

a forward looking stereo angle and then, after moving the mirror to the aft
stereo position, the same area is photographed again. The geometry of a
stereo pair is given in Figure 3-3. The in-track coverage of a single

stereo pailr for a fixed convergence angle is set by the operational altitude; '
the higher the altitude the larger the in-track coverage. (An obliquity
angle may be used during photography to improve the photometric function if
it is compatible with coverage requirements.)

e

Stereo/Mono Pair - The stereo/mono pair is an extension of the stereo pair
employed to provide greater in-track coverage per pair at the lower altitudes.
It is a forward looking strip photo which is partially overlapped, in-track
by an aft looking strip photo. See Figure 3-4. (An obliquity angle may be
employed within limits, to obtain the best photometric coverage compatible
with coverage requirements.)
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Figure 3-3. Stereo Pair (Strip Coverage)
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Stereo Pair Sampling Mode of Operation - Stereo pair sampling represents an

auto-cycle mode of C/P operation used when contiguous strip coverage is not
required of the survey system. This arrangement provides random high reso-
lution sampling of the terrain instead of complete coverage. The operation
of the C/P in this mode is similar to that described for stereo pairs. One

example of the coverage produced by this mode of operation is given in Figure

3-9.

Panning with Stereo Mirror - A complete discussion of the adaptation of the

strip camera to a panning mode by using the stereo mirror as a panning mirror

appears in Section 6.0 of this report.
3.3 MISSION COMMENTARY AND OPERATION CONCEPTS
3.3.1 Mission Commentary

This commentary is predictated on mission profiles (supplied by the Air Force)
in which a Y4-day 1unér stay time is nominal for early missions. Although the
first mission may permit only 2 days of lunar orbital photography, later
missions may allow up to 8 days of lunar photography. The goal of early
missions is to certify photographically, in stereo, ten specific landing
sites, that is, to detect small hazards and low slopes that constitute a
hazard to manned LEM landings. Inclination of lunar orbits is restricted to

10° or less.

The extreme bounds of sites I and X are separated by 79.5° in longitude, which
exceeds by 49.5° the 30° good lighting band., If advanfage is taken of lunar
surface progression of 13.2° in 1 day, the 49.5° can be reduced in 2 days to
23°. Regardless of coverage method, the 10 sites cannot be photographed ip

2 days without a sacrifice of good lighting at 3 of the 10 sites.  All sites

can be photographed in good lighting in 4 days if a sufficient number of plane

changes are made. The important advantage in the L4-day nominal mission (over

a 2-day mission) is that small hazards will be detected in all ten of the areas

of interest.

3-10
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Because of stated command module return weight limitations, there is a
maximum film load which can be carried to earth, and resolution must be
traded for greater coverage, whether the coverage comes from higher alti-
tude or from & wider field camera, For 4-day or longer migsions, this

report considers coverage to be poor trade-off for resolution. For a
2-day mission, an adaptation of the high quality optics to a panning mode
should be considered for greater coverage although there will be a modest

20 percent loss in resolution.

3.3.2 Operational Concepts

The best operatipnal concepts employed for lunar photography will emphasize
extreme simplicity. The basic mode recommended for the nominal four day
mission photography consists of in-track stereo pairs (or stereo/mono pairs)
taken from an altitude of 30 n. mi. without roll or yaw maneuvers. This
mode of operation provides the ultimate in photographic quality and imposes
minimum space and weight demands on'the Apollo vehicle. The operational
sequence and coverage capability for the nominal mission are described in
Section 3.4.

Two basic concepts of lunar photography from low inclination orbits are
illustrated in Figures 3-5 and 3-6. In the first concept (Figure 3-5),
photography is taken at and near the orbital node. Due to progression of

the lunar surface (0.55°/hour easterly), each successive orbit passes over

a new area to be photographed. This operational concept is ideally suited

to optics of moderate field angle because contiguous strips can be photo-
graphed without excessive redundancy and without roll maneuvers or plane (node)
changes. The nominal lY-day mission photography (Section 3.4) utilizes this
concept - however, one significant node shift (a plane change without change

of inclination) is suggested to avoid a long, photographically inactive period
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during which the next site progresses to the guborbital ground track. As.
Figure 3-5 indicates, a large westerly node shift causes southerly areas to
depart from the optimum 30° lighting band, for photography. The concept of
Figure 3-5 also applies to photography when the subsolar point is east of
the node.

Figure 3-6 shows a second operational concept. In this concept inclination
changes and (possible) obliquity changes of the. line of sight are used to -
move successlve photographic swaths across the area of interest. Photography
occurs. near the maximum latitude of the appropriately inclined orbit. .If
there were not severe lighting restrictions, this method would be useful .
for wide coverage of the entire equatorial area because wide field cameras
would cover a wide latitude band in a short time, that is,. in relatively .
few orbits. . However, for coverage of the wide longitude band which includes
the Apollo landing sites, a walting period is required to allow new area to
move into optimum lighting. A degradation of come resolution is the conse-
quence of photography outside the optimum lighting band.

A narrow field cemera operating in the mode of Figure 3-6 and incorporating
vehicle roll (obliquity) changes (one per orbit) can cover a strip about '
25 n. mi. wide cross-track with a series of contiguous swaths. After an
inclination change to move the orbit in latitude, the procedure is repeated.
Such a procedure ’can be carried out from a 30 n. mi. altitude with a maximum
obliquity of 20°. This concept _1s not recommended for the nominal mission '

because ground resolution is reduced somewhat from pure in-track strip
photography and because vehicle roll is required.
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3.4 SITE COVERAGE MISSION AND SUPPLEMENTARY PEOTOGRAPHY

The Apollo gurvey mission has high resolution photography of ten potential...

landing sites as its most important requirement. The EKC camera payload . .can

achieve this gosl in several modes of operation and these modes are described
in this section... The mode which appears most attractive is described in.

*
paragraph 3.4.1 and alternative modes are analyzed in subsequent paragraphs.
Supplementary photography can be obtained in any of the coverage modes.

3.4.1 Site Covei-age, Recommended Mode

The primary objective of the survey mission is certification of 10 landing .
sites (Figure..3-7) by means of high resolution stereo.photography. At 30 n.
mi. eltitude and 10° orbit inclination, the ground swaths photographed are
contiguous for. successive orbits. The ground swath is 3.4k n. mi. wide.

and the progression of the lunar surface in the cross track direction is
2.95 n. mi. per orbit. Thus, the overlap of successive strips is 3.4-2.95
= 0.49 n. mi., which allows a vehicle roll error of 1° before a gap occurs.
The stereo pair mode of photogrephy, in which fore and aft photographs
cover the same area on the lunar surface, is recommended for high resolution
site coverage. At 30 n. mi. altitude, 6 to 8 contiguous stereo pair strips
13.3 n. mi. in length can be used to cover each site. If greater in-track
picture length is desired, monoscopic photography can be taken immediately
before and after the stereo pairs. Figure 3-8 shows an example of typical
site coverage (stereo/mono pairs) with 8 orbits (24 n.mi. cross track
coverage). If the mission is film limited, 6 orbit traversals per site
should give sufficient cross track cdverage (18 n. mi.).

* A complete discussion of the adaptation of the strip camera to a panning
mode by using the stereo mirror as a panning mirror appears in Section
6.0 of this report.
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The ten sites can be covered in four days (52 orbits) with in-track stereo
photography and no roll maneuvers. For the example shown in Figure 3-8,
camera operation is as follows: camera ON for 21.6 seconds, cemera OFF

3.2 seconds while the stereo mirror is turned from the 15° forward to 15°
aft.position, camera ON 21.6 seconds, camera OFF and stereo mirror return.to
forward position in 3.2 seconds. This sequence is the same for each orbit
which crosses one or more sites. Film consumption is 7.4 feet for each
traversal of a site.

During the 4-day mission, 73 traversals are made for a total of 540 feet

of film weighing 9.3 pounds. Total coversge of 2930 n.mi.2 of non-redundant
stereo photography on 300 feet of £ilm and 2380 n.mi.2 of non-redundant
monoscopic photography on 240 feet of film. Total area of the tem 1° x

1° sites is 2680 n.mi.2.

With a total film load of 3000 feet, 45 additional potential sites can be’
verified in the same manner. If stereo pairs only are used (without
monoscopic borders), 90 additional potential landing sites can be photo-
graphed with 3000 feet of f£ilm.

The first photographic orbit for the 4-day mission has its descending node
at 34.5°E. longitude so that photography of site II starts immediately
after the equator crossing. The subsolar point is chosen to be at 32.5°W
longitude. Table 3-1 shows the sequence of site photography with elapsed
time and longitude for each equator crossing. To accomplish the required. -
coverage in 4 days, 3 plane changes are made, the one of greatest significance
being made after photography on orbit 31. This is calculated to be a plane
chenge of 3.6° to move the descending node west from 0.86°W (orbit 31) to
22.70°W (orbit 32) without a change of inclination. It is estimated that
this ‘change requires a A V of about 340 ft./sec. In conversations with
NAA/S&ID , EKC has been informed that plane changes are permissible with
AV up to LUO feet/second.
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TABLE 3-1
FOUR DAY SITE COVERAGE SEQUENCE - 30 N. Mi. ALTITUDE

Descending
Node Crossing
Orbit No. Hours Longitude Sites Covered T
1 0 34.50°E IT Orbit is 10° retrograde
2 1.89 33.46° II
3 3.78 32.42° II
b 5.67 31.38° II
5 7.56 30.34° I, II
6 9.45 29.30° I, II
7 11.3% 28.26* I, II
8 13.23 27.22° I, II
9 15.12 26.18° I, 1Iv
10 17.01  25.14° I, I11, Iv
11 18.90 2L.10 I, III, IV
12 20.79 23.06° I, III, IV
13 22.68 22.02° III, IV
14 24,57 20.98° I11, IV
15 26.46 19.94° II1I, IV
16 28.35 18.90°E I1I, IV 0.7° plane change after
17 30.2F 13.70°E v orbit 16 photography.
18 32.13 12.66° v Move node from 18.90°E to
19 34.02 11.62° v 13.70°E. = Retain 10°
20 35.91 10.58° v inclination.
21 37.80 9.54° v
22 39.69  8.50° v
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Descending ‘
Node Crossing
Orbit No. Hours Longitude Sites Covered
23 41.58 T.u6° \'
2k 4347 6.42° -
25 45.36 5.38° Vi
26 47.25 4.34° Vi
27 hg.1k 3.30° Vi
28 51.03 2.26° Vi
29 52.92 1.22° Vi
30 54.81 0.18°E VI : :
31 56.70 0.86°w VI 3.6° plene change after
32 58.59 22.70°W IX orbit 31 photography.
33 60.48 23.7k° IX Move node from 0.86°W
3k 62.37 2h4.78° IX to 22.70°W. Retain 10°
35 6h.26 25.82° VII, IX inclination.
36 66.15 26.86° VII, IX
37 68.04 27.90° VIiI, IX
38 69.93 28.94° VII, IX
39 T1.82 29.98° VII
ko 73.71  31.02° ViI, X
] 75.60 32.06 viI, X
b2 T7.-49  33.10° ViI, X
43 79.38  34.14° X
Ll 81.27 35.18° X
45 83.16 36.22° X
3-20
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Descenx_iing'_' »
' Node Crossing i
Orbit No. Hours ILongitude Sites Covered e .
W 85.05 37.26°W X 0.5° plane change after
g 86.94% Lhl1.h2°w VIII orbit 46 photography.
48 88.83 L42.46° VIiIi Move node from 37.26°W
L9 90.72  43.50° VIII to 41.h2°W. Retain 10°
50 92.61  Lk4,s54° VIII inclination.
51 9k.50  45.58° VIII ) ,
52 96.39 k46.62° VIII End of lU-day mission.
3-21
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Because of plane changes, the lU-day mission is accomplished only at some
sacrifice in good lighting. However, the exceptionally good system reso-
lution and stereo acuity over every site make it possible to satisfactorily
verify the sites and detect the hazards.

Table 3-2 shows sun elevations as calculated for photography at the .center
of each site, considering the initial longitude of the subsolar point, the
lunar progression, and the 1° per day change in sun elevation due to .
earth/moon rotation sbout the sun. From the start of photography of a

site (swath across northern-most edge), there is a sun elevation change

of sbout 5° caused by the 0.55°/hour equatorial progression of the site. .
Thus, i2._5° must be added to each of the tabular values. Column A represents
the nominal 4-day mission in which westerly node changes of 28° were made.
Sun elevations are higher than desired for sites IX and X, but performance
estimates shows that ajSSEENG1iameter, 41.6° cone, ol
38.6° cone and a 47-inch diameter, 26.5° cone can be detected with the
basic film (speed of 6), 1/150 second exposure time, at 60° sun elevation.
At 65° sun elevation, 27-inch diameter cones of 38.6° base angle can be
detected.

Columns B and C of the table show that favorable lighting is maintained

in a longer (6.2-day) mission which can be conducted without plane changes.
The difference between columns B and C is the initial longitude of the
subsolar point. Coverage of each site is identical to that of the 4-day
nominal mission. ' '
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TABLE 3-2
SUN ELEVATION FOR PHOTOGRAPHY OF SITE CENTER

Sites in thina: h-day A 6.2-day A G.g-day
Order of mission (subsolar mission (subsolar mission (subsolar
Photography point at ;2.'§°W2 pbint at I .5°E) ___point at gg*z'wz
II 23.3" 26.7 26.3
I 13.7° 36.3° 16.7°
Iv 22.9° 27.1° 35.9°
IIT 17.4 ° 32.6° 20.4°
v 26.9° 27.1° 25.9°
VI 32.3° 21.7° 31.3°
X 59.8° 16.4° 36.6°
vII 38.5° 37.7° 15.3°
X 61.0° 15.2° 37.8°
VIII h2.5° 36.5° 16.5°

NOTES: (1) 10° retrograde orbit with initial descending node
at 34.5°E. lingitude.
(2) 30 N. Mi. altitude
(3) At each site, sun angle variation from the start of
photography to the end of photography is about b, 5°
from sun elevation at site center (tabular values).
(4) Sun elevations are measured from horizon.
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Site coverage at altitudes substantially higher than 30 n. mi. is not
recommended because of the loss in resolution due to change in scale of
photography. Mission duration caennot be reduced significantly and plane
changes are still required at higher altitudes.

3.4.2 Stereo Pairs

The previous section suggested the use of contiguous stereo pairs for
supplementary photography of potential landing sites.. Sampling .of

areas in stereo can be done 1in a variety of other ways. One example

is shown in Figure 3-9, in which none of the pairs are contiguous. If
wlder cross-track samples are desired, a series of adjacent pairs can

be used as required. Maximum length of a stereo pair strip ranges from
13.3 n. mi. at 30 n. mi. altitude to 40.5 n. mi. at 80 n. mi. altitude.
Swath width of a single pair ranges from 3.4 n. mi. at 30 n. mi. altitude
to 9.2 n. mi. at 80 n. mi. altitude.

The camera operation sequence for stereo pairs at 30 n. mi. altitude is as
follows: camera ON 15.45 seconds, camera OFF 3.2 seconds for turning
stereo mirror aft, camera ON 15.45 seconds for second half of pair, camera
OFF 3.2 seconds for turning mirror forward, and repeat ON/OFF sequence as
desired for additional pairs. An 18.9 n. mi. gap in coverage occurs in-
track between each pair. Each pair covers U6 n. mi.2 and consumes 5.3
feet of film.
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At higher altitudes, coverage of the maximum length stereo pair increases
approximately as the square of the altitude. Pair length cean be reduced

any desired amount by reducing camera ON time appropriately. Because

stereo pairs (or monoscopic swaths) are contiguous for successive orbits '

of 10° inclination at- 30 n. mi. altitude, efficient and versatile high .
resolution coverage patterns can be produced. Higher altitudes.in general .
are not recommended for the strip stereo pair mode unless strips longer than
13.3 n. mi. are required. )

3.4.3 Contiguous Monoscopic Strips

Contiguous monoscopic strips can be photographed from 30 n. mi. altitude

in a 10° inclined orbit by ulilizing only the natural rotation of. the

lunar surface. As the altitude is increased, the swath widths become
larger, overlap increases, and more and more redundant photography is
obtained. At 62 n. mi. there is about 57% overlap, and 100% stereo
photography can be taken by turning the stereo mirror to look forward on
one orbit and aft on the next orbit. Monoscopic photography can still be
taken at this altitude,if desired, by operating the camera every other orbit
only. In the monoscopic mode the mirror can either look fore or aft,
depending on which direction is the most favorable photometrically.

At altitudes greater than 62 n. mi., the overlap becomes substantially
larger than 50% and redundency increases. There is no coverage benefit in
increasing the altitude above 62 n. mi. unless roll maneuvers and occas-
sional plane changes are utilized to take advantage of the wider ground
swaths. If inclinations higher than 10° were permitted, the lunar
rotation would allow efficilent coverage at the higher altitudes without
roll masneuvers or plane changes. However, monoscopic strips are not
advised at high altitude because of reduced ground resolution.

3-26
SR
SPECIAL HANDLING




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG

DECLASSIFIED ON: 14 JUNE 2013 SPECIAL HANDLING

_—r

3.4.4 Alternate Orbit Strip Stereo

In this mode, swaths from even numbered orbits overlap 1h% and odd numbered
orbit swaths also have l4% side overlap. In addition, centers of the odd
orbit swaths are at the overlapping edges of the even .orbit swaths, as.
shown in Figure 3-10. Alternate orbit strip stereo can be used at 30 n.mi.
altitude with a 5° orbit inclination.. At 62 n. mi., a 10°inclination is
required for proper overlap. The required inclination is calculated from
the. .formula: 2 A A sin i = path width-overlap, where A A is the
_equator crossing spacing of consecutive orbits and i is orbit inclination.
The overlap is 14% of the swath width.

This mode is not as appearling for low altitude site coverage as the
stereo pair mode because twice as many orbits (and twice the time) per
slte are required. The lgnger time causes a greater sun angle variation
during photography of each site and a greater sun angle variation over

the total site coverage mission. However, at a 62 n. mi. altitude, the
maximum allowavle inclination of 10° is compatible with the swath width
and lunar progression. = Though resolution is reduced from that at 30 n.mi.
altitude, coverage is maximized and excellent contiguous stereo photography
of gross lunar areas can be taken in this mode of operation - without the
use of roll mhneuvers or plane changes. Gains in coversge for altitudes
greater than 62 n.mi. are not significant unless roll (obliquity) meneuvers
and plane changes are used to shift the ground swaths and teke dilvantage
of the wider swath widths. '
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Figure 3-10. Alternate Orbit Strip Stereo
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3.4.5 Coverage Comparisons

Figures 3-11 and 3-12 show coverage attainable in a 30° good lighting band
by stereo pairs end alternate orbit strip stereo, each as .a function of .
altitude. Contiguous monoscopic strips are not shown but this :coverage.is
approximately twice that of the alternate orbit stereo mode. Coverage per
orbit would increase in proportion to an increase..in the longitude band
over which the photography is taken. Table 3-3 was .compiled to show
coverage for a given film load. The number of orbits, mission time, and
the latitude and longitude bands covered are restricted by the 30° sun
angle variation limit, that i1s, the film would be used up in fewer orbits

 if each orbit traversed a longitude/lighting band longer than 30°. The
camersa _operates about 10 minutes of Veach orbit during the traversal of.
the 30° longitude band which is the band that has been used for calculation
of the tabular values. Coverage per foot‘ot"“ﬁlm or per pound of film is
independent of the lighting band.
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Figure 3-11. Stereo Pair Coverage vs Altitude
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Figure 3-12. Alternate Orbit Strip Stereo Coverage vs Altitude
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3.5 EXPOSURE CRITERIA

The "exposure criterion" for lunar photography has been established. The
"average"l scene luminance for each sun elevation range is placed at a
density of 1.0 on the density vs log exposure (log E) curve. This is
commonly called the H and D curve. The density range on type 44O4 film
which yields a resolution on1b i is 0,70 to 1.70. The photo sub-
system will require three exposure times (1/100, 1/140, and 1/200 sec.)
to place the "average" scene luminance at the optimum position on a film
similar to type 44Ok but with an exposure index of 6.0. Table 3-5 lists

exposure times as a function of sun elevation and film speed.

3.5.1 Background

Photography of the lunar surface from an orbiting vehicle is considerably
different from similar photography of the earth's surface, since:

(l) As determ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>