A Approved For Release zoom#?m_ﬂbpozmemsuoomomousz-s : -

TECHNICAL PUBLICATION

ANALYSIS OF LUNA-I3 PHOTOGRAPHY

MNPIC/R-8010/87

Declass Review by -
NIMA/DOD

Approved For Release 2003/0 : -RDP02T06408R000400010p52-9
el s ‘ | i _25X1



Approved For Releass 100518

TECHNICAL PUBLICATION

ANALYSIS OF LUNA-13 PHOTOGRAPHY

NATIONAL PHOTOGRAPHIC INTERPRETATION CENTER

- A
Approved For 100529

NPIC/R-5015/6

X1 |

25X1



WPIC/F
Approved For Releass 200370003 : #ADO0400010052-9 af

PREFACE

This report is an snalyais of Luna.l3 photography
published {nresponse to CIA/FMSAG requirement C-D57-84,
314 for information coccerning the facaimile photographic
aysiem, the Luns-13 capsule, ard the lunar wurface. The
atudy (s based primarily on contact print ofthe lntercepted
facalmile photographs of tha lunar aurface.
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GEOMETRIC ANALYSIS

1. Angular Fialds of View

a, Azimuthsl, Sloce pons of the 4 separste trane-
missiona (one on 25, ons on 26 and two on I7 December)
provide a cotnplete panoramas, 8 mogaic hag been conatruct-
ed uslng photograpks from all 4 wanamissions (Figure L)
Even ustng all available photography, the mosaic contatne a
§ap of abous 16.6 degrees or 4.7 minutes {time) of missing
imagery (Flgure 2). The Imagery in this gap ls shown,
however, in Sovlet sources.

A ahori definltion of terms used in this report is pro-
vided for future reference:

Maxtmum tile of optical axig-~the least amount of
lunar surface ls imaged.

Minimum it of optical axis-+the greatest amount
of lunar surface ls lmaged.

Zero tilt of opucal axis--maximum slope ond th-
flaction polnt of harizon trace,

System ttlt--engle of the vertical sxis of the
capsuls with respect to terraln verteal, Nota that
syatemn tiit ls not defined with respect to local
vertical 1n the strict geoderd , but with resp
o the local terrain surface regardiess of soy
slope of the surface,

The amount of Ilmagery missing was determined by
visually locating the maxbmum tlit snd the inflection potnt
on the horizda trace, Thisestabllahed a scale of 90 degreea
which was then used to complle the mosale,

Table 1. Final ai of Eguations for Kosling in the dvimuth Direation

Lisser Distance os inege Time Asguler Distancs oa Image
{Inakes) (winsien) {degrees)
1.0 LTS i
=11} (] 3.5
rl.-'r k] 1.0

b.  Verticsl, The Imterlor orienwtion of the imaging
aystem was determined by graphic methods after the
¥ tilt was edatths infloctionpolnt, The graphic
solution shown lo Sketch A wae sccomplished inthe follow-
Ing way, The rays which image the maximum tilt and the
Inflection polat are separsted by a finlte digtance (L)
Theae rays must also pess through s polnt scurce which
muat be on the cptical axls. This defines the focal polnt,
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The fleld of view (27 degrees 11 minwtes) and the effective
g focal leageh (22,5 midly Jwereth ed directly.
tom T 2. Tilt of Vertical Axis [System Til
m.l'l‘ recAL ’
4. ' To obtain the poiot of maximum slope, tangent lines were
waznm | conatructed at various polnts along tha horizon trace, and
HEk: the tlt angle was measured directly, The locationof the
Inflection point was checked mathematically by fiwing &
third order polynomial curve to the barlzon txece in the
e general ares, The coordinste of the inflection polst wan
Dotk & determined by taking the second derlivative and setting it
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cqual 10 zero, No noticeablo variation in tllt waa detected
i the 4 wanamisalons. The value of the tilt ls 13 degrees
47 minutes (plus or minus 1.5 degrees).

AREA COVERAGE

An approzimate planimetric msp (Figure 3) and table
(Table 2) have been comptled showing locstlonofthe Luna-1)
capsule, prominent lunar features, and possible objects
from the vehicle or capsuls lying on the suriscs.

Tabls 8, Koy ko Hams in Ex‘ﬂ' 3

Cimenalons
Taa Range Aslmuth Langth Rt/ Dopih Dlane
(Feot} { (Dugroms) | (Inakes) (Inches)

Rock | 4 in L} [ ] .
Rock 3 1 154 1 5
Rock 3 L] {1 18 [ %]
Rexk 4 L] s L ] 1
Reck 8 L] 151 s
Reckplle 48 158 Win) " .
Crater A L] £03 . 1 L2 ]
Crua B " 188 . ] 1
Objecs A ] a (NI M) i3 "
(Bjoc B 13 180 H | 11 .
Objsct C 12 " 10 &
Ridge llne L L] 303-348 360 (30 f) .

A polar coordinste gystem was used to degignate locs-
tion with the Lupa-13 capsule as the origin of the sysiem,
The azimuth was ewtablished by locating a line oothe
tmagery where shadows are falling paraliel tothaacan lines
or directly sway from the camers. This Indicates that the
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Image dlstance  focal leageh x object distance

helght

Where: focel length = 223,53 millimeters;

abject distance =gun's dlameter, 864,000 nautical miles;
and

Height = distance from recon to sun, 92,900,000 sautical
miles.

The actusl measuzed dimenslon is 8.5 milltmeters,
which iz conslderably larger than the predicted image
distance. This may not be significantbecauseof the unknown
electronic Imaging syatam.

woors
HOOR'Y EQUATOR

VEHICLE AND CAPSULE OBJECTS

Three objects, demignated A, B, and C, have been
ly idemtitied as parts of the Luna-13 capsuls or

nm was directly behiad the capsul The and
clevaton of the sun above the lunar eurface were calculated
from d Soviet coor of Luna-13 (18-32N
62-03W) and the times indicated on the transmissions
(Sketch B) A bright place of imagery of undetermined
nature and origin appears at dn azimuth of approzimately
90 degreea and at an elevation of approximately 17 degrees
above the lunar horizon. The angular position of this im-
agery la close o that camputed for the aun, A dimensional
check yields a predicted image distance of 2.8 millimeters,
using the formula:

spacecyaft, An artist's concopt of these objects is ahown
in Figure 4.

POSITION OF ANTENNA RIBBONS

By analyzing the tmagery of the shadows of the
ribbons it was possible to asslgn some rough dimensloos w0
the ribbona and to approztmate the angle formed by two of
these ribbons apd their respective antenpag, The estimated
width of & ribbon e 1.5 inches.

whm.{-m: 00329
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Table 3. Antonns Rikbons

Antonsa Ribboa Longth Angla

(feot) {dogreen)
1 so dals 0 dea
1 1.0 sadela
3 119 L3
L a7 L1

QBJECT A

OBJECT B

QRUECT € 25X%1

FIGURE 4. ARTIST'S CONCEPT OF DBIECTS ADJACENT TO THE LUA-13
CAFTLLE,
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'LUNA-I3 CAPSULE

The Luna~13 capsule shown in Figure § la a sketch de-
rived from a drawing published la Sovier Lile, May 1567,
it was desirable to nccomplish menaurstion of the Luns-13
capsule withour making sny sesumptions, thus moking a com-
pletely independent solution. Although it was possible w0
entablish atrong engular geometry through both the derived
Imerior or} ond the st there wag
oo aviilable data from which to scala., Thereiote an
assumption was made that the helghtof Lunu-13capaule wna
the same am that of Luna-9. This assumption la arblirary
and cannot be validated by available materlal; however, it
wop mecessary after efforts to establiah Independence were

s w., B of the ion regarding the
mensuration of Luna-l3, it iz imposaible 0 assign any
meaningful tolerances to the dumenslons.

GAMMA RAY DEPLOYMENT ARM

The identlfiabla portions of the gamma ray deployment
srm both on the Image ltsell and on ita shadow are shown

relat

in Flgue 6.
An accurate slope of the lunar surface could notbe
=t H o by making some additlonal sesump-

tions it was posaibla to eatimate the slope, The distance
from the end of the probe to the capsule can bo measured
direcdy onthe Imagezry andalso estl d from the published
Soviet sketch. Although nefther of these sources of Imagery
is optimum for mensuration, thera showld be some correls-
tion between thatwo. However, onthe facsimile photographs,
the posltion of the srm appesars to be approximately 2 feet
farther from the capsule than it does on the Saviet sketch.

All of the mensuration of the lunar surface waa accom=
plished agouming level ierrajn, 8o asumption that can
reault in serious arrore In monoscopic mensuration of high
chllque imagery. The discrepincies between thess two
sources arc posaibly due o a change of slope of the lunar
suriace between the end of the probe and the capsule. If
this (s the case, it ia then possible  estimate the lunar
slopc st the mrm at 2,5 degrees. However, it should be
noted thet many other unknown parametors could have
affected the disagreement between tha (wo sources, and the
figure of 1.5 degrees for the lunarsiope (s only an estimate,
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STEREO VIEWING

Four photogrammetrists with previpus stereo ploulng
expericaca (three on first-order photogrammenric plowing
Instruments) weare saked w view cortain plecas of duplicate
caversge imaged st ditferemt timen {Figure 7).

The vesults of the teat were inconclusive, All of the
individuals obtalned » feeling of depth, but could not gera

DOCUMERTR

deflalls three-dimensional effiect as & true steren view should
produce. Ao additional problem occurred when the hnagee
wers reversed and peeudoscoplc vision would be expected.
Some individuales professed to recelve & very slight pseudo-
acople effsct on certaln scenss; othars could not determine
which arrangement waa sterececople and which was peeudo-
scople, All agreed that if these were designed w ba stareo

photographa they were exceedingly poor,

A further lavestigarion lovolved examining trsgery of
tha funar suriace with respect to parts of the capaule, With
atereo some appazent displacament of one with respect tn
ths other should occur; however, nona was dlscernible. The
concluaion is that the Imagery wae obtained from & moog-
scopic eywtem,
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