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',pgnnr{Comparison of'L&nar Orbiter and IMSS

Co With results now in hand from three unmanned Lunar Orbiter

" mlssions; we have re-examined the need for continuing

. ~.7 - development of the Lunar Mapping and Survey System (IMSS).
... The attached matrix. compares the baseline and proposed

asT i augmented. versions of the Lunar Orblter and the IMSS.

3';11unar Orbiter vs. Baseline IMSS

- To date, Lunar Orbiter has performed close to its specifi-

;- W”:cation levels in both ground resolution and photographic
<00 . coverage, and it 1s providing data which appears adequate

. for selecting Apollo landing sites. However, the recent

+ MSC presenfa%ion-to the Apollo Site Selection Board lindicated :
- that, desplte intensive data reduction efforts involving h
" gophlstlicated photogrammetric and computerized photoclino-
.:metrlc analysis as well as painstaking photointerpretation

-efforts, the Lunar Orbilter photographs appear marginal for.
-hlgh confidence certification of Apollo landing sites in
- two .eritical areas: terrain slope measurements and extrapola-
++tlon of soil characteristics from Surveyor surface photography.

- The terrain slope problem is in two parts. general slopes
- .over tens of mlles along thé ground trace under the IM
.. approach to the site, and local, IM-sized area 8lopes within
. .fhe 2-3 mlle landihg elllipse. Along the IM approach path,
.~ average terrain slopes between 1° and 2° are required for
. <" the IM landing radar to assure initiating the terminal phase
‘maneuvers with sufficlent accuracy for landing in the selected
"~ ellipse. ‘“Photogrammetric analysis Jf Lunar Orbilter data has
resulted” in slope measurements which are uncertain by several
. W +degrees. These errors are caused by distortions lntroduced
- ¢/ in the basic camera system, the onboard readout system and
L ... the telemetry system, none of which were designed for precision
© . e photogrammetric measurements.: For measurement of local, IM- -
. ~8lzed area slopes, a complex photoclinometric analysis
" technique.utillzing.the .full capacity of an 1108 computer
at MSC is being used to statistically sample selected sites
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t.udeduge a probability of safe M 1and1ng.' Error analyses .
af this technique, which must rely on the essentlally - S
vqngﬂggpigb 1pmeter.qeaemution Lunax. egbttﬂr E?QLC%dehY’"“" -
PRt et ek Rt ALCHONER Uh e Gata Belng. .
2 ‘rateﬁ-a%=atatisticélly 1mpressiVe, 1ts accuracy and,;.
gggga%émhgﬂvimidity.in tertifying IM. 1and1ng sites is subJect

.
o

exprobj m of extrapolating soil mechanics data from
.Surveyqr;photography requires, according to MSC and USGS ' .
ideologlsts),. stereoscopic orbital photography with ground. ~ .. -
resolution:considerably. smdller than 1 meter (20 centimetera’”'"
has been:mentioned). The monoscopic, 1 meter resolution E
apabilityﬁqf the ‘Lunar Orbiter has proven incapable of Doar
fmeetinsg hese”requinements from its nominal perigee alt 1tude‘ R
of "25-nm.;, *Mo” achieve 20 om stereo photcgraphys the Lunar =
‘ ' would have:to fly at ‘a. perigee of 5 am &nd would .. =
whave ' to” iinderga rapid, accurate, . preclisely timed oscillating . -~ -
:manéuvers 40 provide convergent stereo. These maneuvers *;'Q;;;w
appear well outsida the design capabilities of the ‘system, - ..

Apollo haS'identified work~arounds for the slope problem
.. involving progedures and software which indicate no'need " i .,
~uu£or addition&l phgtography prior to the first lunar 1and1ng._-;-

*the“primary ebﬁective of providing Apollo landing site .
‘certification photography, and test data and analysis to
datelndicate that 1t should be able to accomplish this .
‘task, In” '‘papticular with regard to terrain siopes. the
-geometric,characteristics of the Mapping canera {inelulding
its stellar. index camera for fine attitude deserminaiicn,
‘1ts calibrated lens to minimize effects of distortion, i:s
‘reseau to-offset efrects of film shrinkake, its convergent
stereo capability ‘eontrolled by -3 millisecond timing /as
.compared to 100 millisecond timing for Lunar Orbiter
and the recovery ofthe exposed film for laboratory
rocessing).all contribute to the IMSS 3b111ty to measure
‘general térrain slapes: to better than'2 In addition,
“‘this metric- capability will permit photogrammetric location
#iof-lunar landmarks and‘landing sites to better than +1500
feet .anywhere ‘on the-lunar surface as specified for The land-
mark . navigation technique used to update the Apollo Guidance'
‘and . Navigatlion:Computer. WIlth regard to LM-sized areas within-
.a 8élected landing ellipse, the Survey camera will provide
.4convergent stereo photography:with ground resolution con-
'slderably better than I meter, and ‘analysis by Eastman
,Kodak (contractor for both the Lunar Orbiter cameras and

'"3‘ "
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snalysis, the LMSb offers a Tactor of 4 improv#m«n' L

. the ILunar Orblter in determining IM 1wnding ares landabiliis, 7.

Other comparative features of the IMSS and the Lunar Orbiter
. 4nclude the orbital charaoteristics, the area coverage and
“. - cost, Lunar Orbiter!'s nominal orbit is a 25 x 1120 nm '
. ellipse, with perigee over. the area of interést and with
', slte selection coverage limited to a small reglon nez>
perigee.. The IMSS has been designed for circular Iuraw
_orbits in the range of 25-45 nm altitude, resulting =

slite certification ‘coverage of any area along 1lts “rb:ta;

.. .path. High resolution lunar orbital coverage 2t 1 mszer

monoscopic) per 28-day photographic mission Tozalis 270

"s8q nm; Survey camera coverage on a llh-day missicn Tostals

73,500 sq nm monoscoplc or approximately half thzt area :
in stereo on 52 pounds of recoverable film. ZIuns> {rblter's
medium resolution (8 meter) convergent sterec :ove rege

 totals 27,600 sq nm; the Mapping camera is designed ¢ :
- provide 1,900,000 sq nm of convergent steice wc““‘~ Sheto -

graphy on 2% pounds of recoverable film. The Lunar Ovbizen
can fly in orbits of any inclination and thus tﬁee“oviczlly

‘-can acquire 1lts design coverage of any area of the moon.

Initlal Apollo missions with the IMSS will be Iimited to .
-latitude because of
the Apollo free return trajectory constraint. Later Apollo/

'+ IMSS missions to higher inclinations (up to polar) should

be ‘unconstrained by the free return trajectory requirement.

The five Lunar Orblter spacecraft represent an expenditure
under the Boeing mntract of approximately $150 M, with an
additional $8 M per launch for boosters-launch operations
support. The initlal two IMSS gayloads will represent an
expenditure of approximately $U48 M, with Saturn V/CSM
spacecraft costs estimated at. approximately $225 M per

misslon. \

" Augmented Lunar Orblter vs. Extended Capability IMSS

- The augmented IMSS descrlbed in the attached matrix
" represents one of several modified versions of the basic

IMSS which have been under study by MSC and the IMSS con- :
tractor team since last fall.  These modificatlons are ‘
being designed on the basis of retro-fit of the baslc
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LMSS system, and ‘current indications are that’ the first -

of three augmented IMSS'c could be ready for light in

the firet -half of 1969. ‘fhe augmented (Block IIJ)

Orbiter deseribed on the matrix 13 understood to be in

..a .Phase A study ntatus by Boeing and IITRI and repre-

- gents es8entilally a new, 2,500 pound spacecraft for

launch -on an Atlas-Centaur in the 1972 time frame, as
compared to the Atlas-Agena launch, 800 pound current _
Lunar. Orbiter. 'The significant point here is that the o
augmented IMSS represents a relatively minor augmentation

. of-a basiceonfiguration to take advantage of the relatively
unlimited,payload ‘capabllity when substituting an IMSS
payload module (4,600 pound baseline) for the IM (32,000
pound control weight) in a standard Saturn V lunar mission
launch..: The ‘three year gap in lunar orbital sensing :
capability which would result from a. decision to 1mp1ement
the ‘Block III Orbiter instead of the augmented LMSS -
dorresponds to a eritical period of lunar exploration
‘‘phasing in going from the one day Apollo landings in 1968- 69
" at near equatorial sites to missions of up to two weeks :
“duration perhaps at higher latitudes in 1970-71 for
{Jexploration of regions of greater sclentific interest.

;fThe Block III Orbiter concept envisions a 400-pound

"~ experiment package as compared to a 137-pound package:

" on the current Orbiter. This compares with several
.thousand pounds of simultaneously flown experiments
-possible with the augmented IMSS. The significance here
-18.that simultaneous operation of several sensors such

“ as metric photography, high resolution sample phqtography,
. gamma or’ xX-ray spectroscopy, etc., would have significant
. 8scientlific value in contrast to flying each experiment

~ Individually at different periods of time and thus losing
‘*the correlatlon of- time, changing phenomena on the surface,
‘and lighting angles. . )

' “The Block III Orbiter eoncept envisions the return to
- earth of approximately 30 pounds of data, while the

augmented IMSS has a -capabllity for returning film or

- other data totalling between 250 and 1,000 pounds,

+ depending on' the aize of the crew (3 men or 2 men;"

:frespectively). - _ .

*The first payload being congldered for the Block III
Orblter 1s a 3 inch focal length Mapping camera derived
. from the (=<6) system earllier included as part of the LMSS
but deleted 1ast year 1n favor of ‘the less expensive and

™I AL
DL il

.. Ses
s



. v 1y NRO APPROVED FOR RELEASE '
T : DECLASSIFIED BY: CIART ’
3 3 | : DECLASSIFIED ON: 3 SUGUST 2012

- »1moré mature system now in the baseline LMSS. - The system
«.being considered for the Block III Orbiter would be

. ‘capable of better geometry--therefore better lunar

. maps--than the LMSS system, although the highly elliptic '

..+ Lunar Orbiter orbit would preclude uniform mapping coverage
- ;of. the entire lunar surface on a single Block III mission

... a8 compared with the augmented IMSS 100% lunar mapping

;;capability on a single 28-day polar orbit mission. -

o a;;Cost estimates for the Block III Lunar Orbiter are

. necessarily quite vague in this stage of definition,

i but . $300- OM for .six flight payloads beginning in
1972 . has “been estimated, excluding the Atlas-Centaur
“booster and flight operations which are roughly estimated
“at $15-$20M per launch. -The POP figures for the three

. remaining IMSS's,. including an ROM estimate of $10M for
the -augmentation, totals approximately $30M, excluding

~ the cost:of the supplemental experiments which could
;?”total an additional $20 $30M.

wIn summary, ‘this comparison shows that as indicated
. ‘during the recent Apollo Site Selection Board review,
;" .the current Lunar Orbiter is only marginally capable
.of certifying Apollo landing sites, while the IMSS
offers slgnificantly better performance in the two most
.« eritical areas: terrain slope measurements and high
“+ resolution stereo for extrapolating Surveyor measurements
--_W,of soil characteristics. In comparing the augmented IMSS C
" “with ‘the advanced Orbiter concept, factors of design maturity, AR
.-+ rearller avallability, spectral and resolution capability, :
. return film weight capability, and cost of development all

* strongly favor the augmented IMSS.. . .

.
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