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Large-Scale Lunar

Photogrammetry

Terrestrial mapping and television offer

an initial basis for the design of a
Lunar system.

ABSTR ACT: With the advent of the Ranger VI I pictures of the lunar surface, a
new area with its challenges and problems is being opened to tlte photogram
metry profession. Large scale photography and the resulting mapping tasks are
bringing forth some new problems to the attention of photogrammetrists. In
vestigation of the lunar surface from the lunar surface is a realistic possibility.
Utilization of modified terrestrial type camera systems are being considered.
A ccurate results for interpretation and mapping are being demanded. The
problems and solutions being considered are complex and new when compared
with conventional photogrammetry. Primary problems lie in areas of: (1) util
ization of television presentations; (2) multi-purpose imaging systems; (3)
techniques and procedures of calibration; (4) data reduction and mapping teclL
niques for large scale analysis. Definitive data are needed in maximizing
terrestrial types of camera systems in order to obtaiu the best pllOtogrammetric
utilization of coming space explorat·ion projects.

A RELATl VELY :-rEW ERA for photogrammetry
is underway. The exploration of space has

introduced a new application of the basic
photogrammetric operations. The success of
the Ranger VII and VIII in obtaining large
scale pictures of the lunar surface has shown
the capability of remote systems to obtain
visual information once though t to be beyond
the capability of man. With the developmcnt
of these highly sophisticated systems, it be
comes necessary to re-evaluate the photo
gram metric methods and procedures rcquircd
for the analysis of the information.

The portion of this new photogram metric
era which will be emphasized here is that part
which pertains to large scale mapping and
exploration of the lunar surface. This discus
sion excludes the work currently being done
with lunar photography from earth and the
future investigations which will pmbably be
done from lunar orbiting \·ehicles. Emphasis
is upon scales which are greater than t: tOOO
and for special purpose studies may be at 1: t.

* Presented at the Annual Convention of the
American Society of Photogrammetry. \\"ashing
ton, D. c., March 1965.

Such programs il1\'oh'e obtaining imagery of
the lunar surface, from the lunar surface. The
specific endea\'or \\'hich is anticipated to ac
complish this task is the SUf\'eyor Project
\\"hich is a '\ASr\ program managed by the
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Jet Propulsion Laboratory in Pasadena, Cali
fornia. Part of the objective of this program is
to obtain large scale television pictures, and
subsequent photogrammetric data and scien
tific interpretative information so that a
better understanding of the configuration of
the lunar surface may be known.

The specific design and engineering charac
teristic of the imaging system to be used on
Surveyor is not discussed; emphasis is di
rected towards the photogrammetric prob
lems encountered, and some of the prospec
tive solutions. It should be pointed out that,
as in most space efforts, we are forced to
utilize systems designed fot- several purposes_
Surveyor is no exception. The di fficul ty of the
overall task requires that maximum image
information be obtained, so a system is
selected to satisfy the scientific interpretation
tasks as well as serve as the source for photo
gram metric data. Until an optimum photo
gram metric system can be utilized, we must
provide maximu m information with the more
flexible systems currently anticipated for our
first real detailed exploration of the moon.

IT IS FIRST NECESSARY to review some of the
basic differences between the conventional,

earth oriented mapping concepts and the
large scale lunar photogrammetric tasks. The
two most important basic differences are the
utilization of fixed camera positions and the
application of television as the image medium.
Emphasis of the photogrammetric tasks is on
terrestrial type of analysis procedures. These
procedures in turn are complicated by use of
convergen t systems, as well as systems char
acterized by parallel camera axes, for collec
tion of stereoscopic imagery. This may even
include averted systems, where camera axes
are practically parallel bu t not perpendicular
to the base line between camera stations.

Scientific and engineering constraints have
forced u e of lenses with smaller fields of view
than conventional mapping lenses where the
trend has been towards increased field of view.
This resul ts in many more pictures to cover
the area of interest. However, advantageous
television resolution criteria can be thus ob
tained. The problem introduced by pictures
of small angular coverage is not only a func
tion of the large number of frames to cover
the scene, but also involves the mode for
presen ta tion of the da tao

Simulation tests and evaluation of the
significan t geologic features of a terrestrial
scene indicate that individual pictures of the
surface taken via narrow angle lenses (less
than 10° field angle) may not be meaningful

until some evaluation has been done whereby
the con text of the overall scene can first be
appreciated (Figure 1). High frequency de
tails may be of little value until the larger
features are identified and correlated. The
importance of a composite picture, the mosaic
(Figure 2) is obvious. To provide a better
concept of the overall scene, a shorter focal
length lens and, consequently, wider angle of
view may be utilized. 'v\lith the current Sur
veyor system, this is accomplished with it

zoom lens.
The application of terrestrial type camera

systems is primarily limited to the immediate
vicinity of the camera station. Basic objec
tives are related to providing reliable data
within a few tens of meters of the spacecraft.
With the advent of advanced capabilities for
the lunar missions, it is probable that some
type of roving vehicle may provide data over
a greater area. Until such a capabili ty is avail
able, it must be anticipated that our major
source of detailed information about the
moon's surface will come from a series of
"spot" investigations. It is this large scale
"spot" mapping which will probably provide
much of the basic information to support the
manned lunar missions, especially relative to
establishing the surface characteristics of the
moon.

THE VALUE OF THE photogrammetric data
cannot be over emphasized. Before this

data can be most effective, it is necessary to
have accurate and meaningful calibration
data of the imaging system used. The calibra
tion of conventional photogrammetric cam
eras is a well developed and exact science.
However, the calibration of cameras which
are to perform photogrammetric tasks in a
hostile environment such as the moon's, is an
entirely different story. The temperature
vat-iations and physical forces related to just
placing the camera can-ying vehicle on the
lunar slit-face are ex treme themsel ves. Ligh t
ing conditions and the ranges at which it is
desired to obtain information require varia
tions in camera characteristics (fil ters, aper
ture settings, shutter speeds, etc.) in order to
maximize the operational output of the imag
ing system.

The requirement for using a selected imag
ing system for multiple purposes also COI11

plicates most photogt-ammetric calibration
requirements. Application of zoom type
lenses, with their attendant features such as
moving nodal points, planes of best focus,
etc., are difficult to calibrate. This is only a
minor part of the problem. Calibration is one
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FIG. 1. .\Iarrow angle mosaics.

thing, but another is to "calibrate" errors
which will allow reasonable photogrammetry.
It may be said that the application of these
unconventional photogrammetric lenses to
photogrammetry is not reasonable from the
very beginning. The accuracy which is cur
rently desired from these systems, as far as
photogrammetry is concerned, may be an
order of magnitude less than the common
mapping accuracies accepted today. How
ever, as better systems are developed and as
operational techniques are improved, it may
be anticipated that more accurate results will
be obtained from the lunar and planetary
explol-ation pt-ograms.

The photogrammetric calibration proce
dures and techniques required for these in
vestigations obviously are not independen t of
the hardware being developed. As improved
results are demanded, it will become impera
tive that the more rigid photogrammetric re
quirements be taken into consideration early
in the system design. [t may be a long ti me
before a space borne imaging system can be
selected according to purely photogram metric
considerations. tIul ti-purpose systems will be
wi th us for someti me to come. [n order to

optimize future systems in terms of photo
grammetry, it will be necessary to develop
design criteria for these "unconventional"
lenses which will be applicable for the de
velopment of better calibration characteris
tics for photogrammetry.

Generally, the standard factors which are
calibrated in conventional photogrammetric
systems are the same elements which require
calibration in space systems. However, in
these new systems the characteristics which
weI-e avoided in conventional photogram
metric systems, in order that they could be
precisely calibrated, are required. How to
handle this problem and still satisfy most of
the multi-purpose imaging requirements is
probably the major task currently facing
space orien ted photogram metI-y.

THE SECO:\D MAJOR DIFFERENCE between
lunar photogrammetric tasks and the nor

mal, earth oriented applications is the intro
duction of television and its problems into the
system. I t should be remembered that this
discussion is directed to\\Oards remote un
manned systems located on the lunar surface
and therefore application of tele\Oision type
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FIG. 2. Wide angle mosaic showing area imaged in Figure 1.

transmissions are required for the immediate
future plans.

The application of television, as a photo
gram metric media, is just beginning. Conse
quently there are many problems to be evalu
ated and eventually solved. The utilization of
pictures transmitted by television, in the
Surveyor program, involves the photorecord
ing of the transmitted signal on a small for
mat, 70 mm, film (Figures 3 and 4). The final
output which will be used is hard copy
photography, either positive or negative; but
it will not only have characteristics deter
mined by the film process, but also the inher
ent characteristics of the television receiver
and transmitting-ground receiving system. It
is these last characteristics which req uire
eval ua tion relati ve to the photogrammetric
tasks at hand. The evaluation of these pic
tures is not merely a function of the image
resolution, regardless of how you define this
item, but consideration must be given to the
unique characteristics of television itself.

The image quality capability of television
systems applied to a space environment is il
lustrated in Figure 3 which shows one of the
Ranger VIIT pictures with some basic noise
removal and image enhancement techniques
applied for image improvement. Figure 4
shows the same picture after application of
sine wave response correction technique to
maximize the image quality. These tech
niques basically involve the pre-Right calibra
tion data of the television cameras, applied
after completion of the mission. It is not the
purpose of this discussion to describe these
enhancement techniques but rather to dem
onstrate the general quality of imagery which
can currently be obtained by space borne
television systems, especially after applica
tion of computer techniques for image quality
i m provemen t.

One of the basic considerations relative to
evaluating the photogrammetric potential of
a television system is a determination of its
parallax recording capability. VVith conven-
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FIG. 3. A Ranger VII frame after preliminary image improvement using ground based
system and pre-flight calibration data.
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tiona! photogrammetric systems, the parallax
recording capability is a function of various
camera, objective, and film characteristics.
These characteristics include camera focal
length, base distance between camera sta
tions, object distance plus the film recording
capability. These same factors are involved in
the determination of the television concept as
described here; however, this is not all. Various
other television parameters now must be
introduced into the evaluation program. For
simplicity, this discussion emphasizes vidicon
type of television systems.

THESE "NEW" FACTORS include scan rates,
television resol u tion or the number of scan

lines per format, size of the scanning spot, etc.
The effect of these parameters on the parallax
recording capability of the system may not be
fully appreciated at the first glance. Compli
cations arise Ivhen considerations of horizon tal
versus vertical resol u tion cri teria are in tra
duced. This factor can pose a major problem
especially when one considers vertical as well
as horizontal base line configurations. Under
these conditions, the orientation of the tele
vision raster could be very important, as far
as maximizing the potential of the system for

photogrammetry is concerned.
Some theoretical discussions have included

minimum parallaxes recordable by television
systems in general. This would obviously in
volve consideration of the signal to noise
problems. Assuming that the signal to noise
ratio is very high, say for example, equal to
that found in a high resolution, conventional
aerial photograph, then the parallaxes in the
television presentation may be a function of
the parameters previously mentioned. It has
been said by various highly competent indi
vid uals that obviously a televison system can
only record parallaxes down to the width of a
television line. Unfortunately, other equally
competent persons have stated that a "good"
television system would naturally have a
parallax recording capability of a fraction of a
television line. Such unsupported facts em
phasize the need for some basic photogram
metric investigations with television systems.

Stereoscopic models have been established
by viewing cathode ray tube presentations
and the feasibility and utilization of stereo
scopic television pictures has been estab
lished. The problem that is emphasized here
relates to the actual photogrammetric ca
pability of optimized television systems. Once
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FIG. 4. Same frame as Figure 3, but after application of sine wave response correction.

this capability is established, then specific
systems, including their individual compo
nents, can be evaluated.

A very basic approach to this problem
could be through the analysis of imagery ob
tained by an optimum photogrammetric sys
tem and similar data collected through a
television system. By utilizing a well con
trolled object field, controlled lighting (con
trast) conditions such as could be established
in a laboratory environment, and similar high
quality, essentially distortion-free optics for
both systems, a meaningful comparison of
data could be made. Utilization of the same
data reduction equipment and techniques,
plus determination of overall system quality
through application of accepted frequency
response concepts, would increase the useful
ness of the data obtained from such a pro
gram. This type of investigation is planned at
the Jet Propulsion Laboratory.

Obviously the evaluation of this basic con
cept is not the whole story as far as photo
grammetry and television are concerned. The
electronic distortions of the viewed scene will
most probably be much greater than those
associated with the optics and required film
recording media. For the most part, the image

distortions resulting from the latter sources
can be calibrated "ou t" of the system prior to
its actual employment. The electronic distor
tions can be estimated prior to the system's
use, but actual image distortions must be
established in the data obtained during the
mission operation. Both the current Ranger
and Surveyor systems utilize a matrix of
reseau points to establish the actual distortion
characteristics of the received data.

THE PROBLEMS OF APPLYING television in the
currently conceived photogrammetric sys

tems for lunar exploration are not limited to
techniques for determination of the mapping
potential of such systems. For example, if we
assume that it has been established that tele
vision is a satisfactory media for the lunar
photogrammetric investigations desired, then
what is the next step in the overall program?
Obviously it concerns the data reduction and
analysis phase of the operation. This problem
cannot be solved easily. The pictures obtained
will not be compatible with any conventional
plotting equipment because of unusual focal
lengths, uncommon formats, high degrees of
convergency, and for some photos, large
variances from a normalized orientation.
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Scale differences between stereoscopic pairs
may be signifIcant. Special analytical plotters
and some automated plotting equipment may
be closer to a realization of applicable data
reduction for production of some maps.

The development of automated, analytical
plotters has slowly been making significant
gains in the mapping field. The Aexibility of
these devices as far as input material, is highly
desirable for application in the new space age.
However, there still exists a requirement for
viewing devices and plotting equipment
which allow cognizant scientific personnel to
study a stereoscopic model and to make a few
selected measurements in the model.

Previously, the utility of mosaics was em
phasized because of the narrow angle viewing
cons trai n ts of the i ndivid ual frames. Careful
mosaic construction techniques may quite
likely provide secondary material which will
contain significan t scientific data to merit
sterescopic investigations. To accomplish this,
it may be anticipated that requirements for
modification of existing equipment or de
velopment of new viewing devices \\·ill come
into existence. The problems related to estab
lishing specifications for these types of de
vices are directly related to the characteristics
of the imagery to be utilized, the range of
angles of conve'"gency, scale differences, and
above all, accuracies desired for the resulting
analytical effo,"ts. It is anticipated that as
experimentation and testing continues, ans
wers to these problems will be pro\"ided to the
photogrammetric community.

ONE RATHER SIGNIFICAKT PROBLEM \\-hich
has been overlooked so far in this discus

sion is not directly related to the type of
imaging system to be used for the planned
large scale photogrammetric investigations of
the lunar surface. This is the problem of con
trol points. For the present and the immedi
ate future, the concept of control points as
applied in conventional photogrammetry is
not possible. The deploy men t of targets or
known geometric shapes from the spacecraft
to assist in scale determinations and sen'e as
pseudo-con trol poi nts is considered beyond
the scope of this presentation. It is planned
that correlation of lunar photos made from
the lunar surface, with yertical or near ver-

tical pictures made from orbiting vehicles or
taken during the approach phase of the lunar
landing will assist in establishing some of the
necessary con trol data for use with the sur
veys from the lunar surface.

The lack of control data for the lunar sur
face places a great deal of importance on the
camera position as determined from trajec
tory analysis and \'arious spacecraft param
eters \\-hich can be used to determine camera
orien tation. I t may develop that these fac
tors will become the primary ones for relating
specific features to a common datum. Correla
tion and transfer of con trol data from previ
ous photos would depend upon the quality of
these photos plus the capability of locating
recognizable features. Indirect techniques for
establishing any degree of control will most
probably have to be employed in the first
large scale explorations of the lunar surface.

As this fairly ne\\" era of photogrammetry
gets under \\'ay, it becomes imperative that
extensive research and development effort be
directed towards adYancing the technological
capability of space oriented, scientific imaging
systems. However, the development of any
system is of little value unless the information
can he utilized. Advances in electronic imag
ing, in general, have been remarkable and it
seems qui te logical that the day will come
when good photogrammetric imagery will be
obtained from these systems.

THE REAL I,EY to these ne\\" developments
for photogrammetry seems to lie in the

area of the data reduction. rt will be necessary
for ad\'ances to be made in various types of
photogrammetricequipmenl which can handle
the unconventional input material regardless
of the speci ftc program that will serve as
the image collectoL Capabilities for the imag
ing systems currently seem well ahead of the
data reduction activities. Perhaps, the answer
lies in the area of analytical techniques, but a
need does exist for the less complex, analog
form of instnlment for scientiftc investiga
tions which will utilize photogrammetric data.
This challenge to photogrammetry is ju t
underway and as the problems of today are
solved, perhaps they "'ill become the photo
gram metric technique for the future.


