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APOLLO 15 PHOTOGRAPH EVALUATION (APE) DATA BOOK
By H. H. Cunningham

Mission Design Section
TRW Systems Group

1.0 INTRODUCTION

This is a catalog of the Apollo 15 photographic evaluation data
available at tne National Aeronautics and Space Administration, Manned
Spacecraft Center. Section 2 provides explanation and definition of
all the photographic evaluation data elements. Sections 3 and 4
present data summaries for all of the lightside sequences of Apollo 15
3-inch mapping camera photography and Apollo 15 24-inch panoramic camera
photography respectively. Each data summary includes a brief description
of the trajectory reconstruction, telemetered data used, and the constants
employad for the data processing. They also contain a brief resume of the
apparent data trends throughout the sequence and the data for the first
and last frame of the sequence.




2.0 EXPLANATION OF DATA

The first and last frame figures which appear in this data book are

consolidations of typical Apollo photograph evaluation data groups. In
microfilm of the actual data, each data group occupies three or four frames.
The following are frame by frame descriptions of those data.

2.1 First Frame

GMT - Sidereal time of film exposure (year, month, day, hour, minute,
second) - (UT1 - USNO).

GET - Time interval from sidereal GMT time of launch to film exposure
time (hours, minutes, seconds).

1950 state vector - Mean of 1950 moon centered, inertial, cartesian
coordinates of the spacecraft position (km) and velocity (km/sec).

Selenographic state vector — Selenographic, instantaneous inertial
cartesian coordinates of vehicle position (km) and velocity

(km/sec).

Nadir Point (Longitude, Latitude) - Intersection with the mean lunar
surface, of the vector from the moon's center of mass to the spacecraft.

Camera Axis Intersect (Longitude, Latitude) - Position of principal
intersection point — Intersection of camera optical axis
direction with mean lunar surface.

Spacecraft radius - Vector from moon center of mass to spacecraft.

Spacecraft altitude - Height of spacecraft above mean lunar surface.

Mean altitude rate - Rate or cnange in spacecraft altitude above the
smeanilunar; surface.

Horizontal velocity - Component of spacecraft velocity parallel to
the lunar local horizontal plane at the nadir point.

Tilt azimuth - Angle, measured positive clockwise in the local
horizontal plane at the principal intersection point, between
North and the projection of a vector along the camera optical
axis onto that local horizontal plane.

Tilt - Angle between the camera optical axls direction and the lunar
local vertical a the_principal intersection point.

Sun Elevation at’ Prin Grnd Pnt - Angle between the vector from the
sun to the principal intersection point and the lunar local

horizontal plane at that point.

Sun Azimuth at Principal Grnd Pnt - Angle, measured positive clock-
wige in the lunar local horizontal plane, from North to the
projection of the vector from the sun to the principal
intersection point onto that plane.
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Subsoclar Point (longitude, Latitude) - Intersection with the mean lunar
surface, of a vector from the moon's center of mass to the sun's

center.

Alpha - Angle between the camera optical axis and the projection of
the lunar local vertical at the principal intersection point
onto the plane of the phase angle (measure of gurface tilt
toward or away from the sun).

Swing - Angle'between the camera Y axis and the projection of the
line between the vehicle nadir and principal intersection
point onto the camera X-Y plane.

Emission Angle - Angle between the camera optical axis and the lunar
local vertical at the principal intersection point.

Phase Angle - Angle between the camera opticai axis and the vector
from the sun to the principal intersection point.

North Deviation angle - Angle, measured positive clockwise in the
camera X-Y plane, from the camera X axis to lunar North.

Phi, Kappa, Omega - Angles which rotate the camera axes coordinate
system into the nadir point centered lunar local horizontal

system, where:

¢ - primary right-handed rotation about the camera Y axis.

w - secondary right-handed rotation about the intermediate
X-axis.

¢ — final right-~handed rotatioh about the local vertical (local
horizontal Z-axis).

X-tilt - (Lateral tilt) Angle from the local horizontal plane at the
nadir point to the camera Y-axis.

y-t11t - (Longitudinal tilt) Angle from the local horizontal plane
at the nadir point to the camera X-axis.

Heading - Angle, méasured positive clockwise in the lunar local
horizontal plane at the nadir point, from North to the
projection of the camera X-axis onto that plane.

Scale Factor - Proportionality constant relating dimensions on the
film to dimensions on the mean lunar surface.

Laser slant range — Telemetered laser altimeter readout.
Spacecraft altitude (Laser) - Vertical component of laser altimeter

slant range based on the assumption that the laser altimeter
was aligned along the 3-inch mapping camera optical axis.
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Altitude difference - Difference between computed vehicle altitude
and the vertical component of laser altimeter slant range.

Sigmas - Values of the following sigmas that appear ,in these data
are unrealistic and are to be disregarded. Sigma (Seleno),
Sigma Nadir Longitude, Sigma Nadir Latitude and Sigma Space-
craft Radius. These values were derived under an assumed
doppler noise which ignores major contributions to the real
deta noise. An optimal system noise of approximately 0.01 Hz
wag assumed for the doppler nuise, whereas the real data may
be accurate to only 3 Hz due to large uncertainties in the
lunar gravitational field and due to urmodeled vehicle
thrusting.

All other sigma values appearing in these data are valid.
These, associated with camera aiming parameters, properly con-
sider uncertainties in camera mounting angles, uncertainties
in vehicle attitude measurements and uncertainties in film
exposure time definition.




2.2 Second Frame

The second frame of each data group contains three self explanatory
entries which are:

@ Definition of the vector from the spacecraft to the prinmcipal
intersection point in the instantaneous inertial selenographic
coordinate system. '

& Relationship between the camera axes and selenocentric coordinste
systems. '

8 Relationship between the camera axes and the nadir point centered

local horizontal coordinate systems.

2.3 Third and Fourth Frames

The third and final frame entries for all 3-inch mapping
camera sequences presents the positions (Latitude and Longitude) of the
projections of the film corner points onto the mean lunar surface.

The third and fourth frame data for all pan camera sequences except
that for REV 63 are in error and should be disregarded. The third frame
of each REV 63 entry presents the positions of the projections of the
corner points of the camera outer field of view onto the mean lunar
surface. The fourth frame presents the positions of the projections of
the camera inner field of view corner points onto the mean lunar surface.
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3.0 APOLLO 15 3-INCH MAPPING CAMERA DATA

Mission: _ Apollo 15 , Target: _Strip photography

Rev: Revi , Camera: 3-Inch Mapping Frgmes: /2 Through: 104

Coverage Interval:

From: 24.96 S Lat., 177.07 E long., To: 16.78 8 Lat., 142.6 E Long.

From: 84 Hr 43 Min 19,97 Sec, To: _84  Hr _54 'Min __13  Sec GET

Date Processed: 12/14/71 » APE Version Used: 7.

INPUT DATA
e Trajectory Tape: :
HOPE Version Used: B—§,1 {
Constants Used: . é
Lunar Potential Model: _J-1 - ?
Ephemeris: _JPL DE 19 (Donhle Precisinn) . . 24

Libration Model: RTCC (Koziell)

Lunar Radius: 1738.09 Km

Ephemeris-Universal Time Difference: 0,69583333 Min.
Base Time: Yr _1871 Month 7 Day _26 Hr § Min 0 Sec G
C°m§Uéatidﬁ”Intefvalz Computation at sach Film exposurse time © C@mesirs
Integration Interval: Varisble (lxlﬂ_lb - B4 an) ; .
—
i
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Initial State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

Time From Base: 99 H 11 M 34,160 Sec. ‘ _

Type: _ One Revolution Solaution

Description: This vector was determined from a solution based on a fit of

data from Rev 4. For the solution the energy of the orbir was constrained

to be an analytically determined value.

R

Units: Feet, Second, Degree

Components:

X = 5175791.43 X = _582,8512
v = 330685.92 Y = 5508.7802
2 = 2492551.4 7 = 371.0212

e Telemetered Data Tape

Data Source: Station tape
Bit Rate: High %
Date Edited: _3 Sept. 1971
Edited Data Tape No. _A09550 File No.: 1 Location: _Bldg. 12, MSC
’~R?m3§¥$ \nggehwe;e no significant data gaps in the telemetered vehicle attitude
data employed for this sequence.
3y
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 ‘Day 26 Hr _13 Min _ 34 Sec 0

Range Zero-Clock Zero Time Difference 0,79 Sec
REFSMMAT Used: .582563 .4761836 .6586878
-.2518852 -.6647384% . 7033325
.7727705 ~.5756492 -.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis {camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:

% 1 degree in camera positioning angle

+0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including?
+20 ms in onboard clock bias definitionm

+ 5 ms in onboard clock drift rate definition
+ 5 ms in universal to sidereal time conversion




OUTPUT

General Description:

The output is a listing of two-page tabulations of computed spacecraft state
camera orientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format: ) )i
7
Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizom, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulation. i

With the exception of its initial line, the first page of each tabulation is

self explanatory. The initial line contains six entries that are from left

to right:

Mission title

Magazine identification

State véctor identification :

Date of data origin

wm o W N

S

Status of data PRE = preliminary, FIN = final

Frame number within the sequence

o

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary:

These photo evaluation data are for a sequence of near vertical photography
starting at 175.5 deg. E.Longitude and ending at 142.6 deg. E. Longitude,
taken along a line starting at 25 deg. g, Latitude and ending at 17 deg. .
S, Latitude. Throughout the sequence tilt was maintained near zero (less
than 0.8 deg) so that the vehicle nadir and principal intersection point
remain essentially coincident.




YAPbLLO_)S AlS Rm™4 MAP 12/7) FIN PAGE = 72

MONTH DAY  HOQUR MINUTE SECOND o

7 30 2 37 2Q+758
3 12 43 19966
"STATE:VECTOR % Y 1 x 00Y A Z 0071
© 195010 e w42 7424774 -543.1986084 ~1g32+04008202 »we?153}99 e idgve77 «e698653}
- G Hf”’,w 651661987 84,0931139 7756502380 20088158 126017186 »19858(08
‘ alGMA(SELENO) IO .ol “1e98 . 025 002 v000 W0D1
PO ;,zz}‘gavqﬁ DEG LaTITUDE OF NaADIR PGINT 240748635 OE@
SIQ"A N.an L NGITUDE sw& 118 g pEG SIGMA NaDIR LATITUDE ,0001415 0O¢Ea
LONG 'OF CAMERA AXISKINTERSECT 177.0724411) DEG LATI OF CAMERA AXIS INTERSECT ©24.9630084 DEG
SPACECRAFT RADIV 2 1838.8309967 KM JPACECRAFI ALTITUDE 1007909698 KM
STGMp” SPACECRAF o s 00D00Jé KH " AZIWUTH OF VELOCTITY VECTUR 2779912796 DEG
MEAN ALT]TUDE Ra «~,0184979 KM/SEC HORJZONTAL VELOCITY. ) 1e0138704 KM/SEC
TILY AZxHUTH N 246,5081749 pEG TILT ANGLE ; 06221254 DEG
S1gMA TILY AZIMUTH ’ 1852602 DEG S1GHMA TILT ANGLE 0019891 Ofa
SUN ELEVATION AT PRIN GRND PNT 3,0106421 pEG SUN AZIMUTH AT PRINCIPAL GRND PNT 271.6881981 OEG
ﬁﬁﬁﬁﬁ LONGITUDE OF SUBSOLAR _POINT 90,5140724 pEG _ LATITUDE OF SUBSULAR POINT +4581512 DEG
ALPHA =,5958205 pEG SwING ANGLE 2388228798 0OEG
_, ENISSION aNGLE 26582311 DEG SIGHMA SWING ANulb 1852601 PEG .
J‘PHASE ANGLE . 87.585]142] pEG NORTH DEVIATION ANGLE 1722976055 DEG
Phl R «5322901 _pESG €5 ¢ § 7 s ) na3220729 DEG
SIGMA PHI ' +0019999 pEG SIGMA X~TILT «0020002 DEG
,,,,,,, KAPPA =3 12031568885 DEG B & & U % S . ©»09322817 DEG.
SIGMA KAPPA ,0020000 DEG SIGMA Y=TILT 0019998 PEG
___DMEGA ’ =,3220729 DpEG HEADING vg2e31268901 DEG
. SIGHMA OMEGA .0020002 pEo S1GMA HEADING «002000} Dta
. ScalLE FACTOR —— e ~ ,0000000 M/KM__ LASER SLANT RANGE . 1DY4e60pB9783 KM
SPACECRAFT ALTlTUDE(LASLR) 104.6028357 KM ALTITUDE pIFFERENCE 3¢8118658 KM
SELENOGRAPHIC DIRECTION cOSINES A Y ’ A MAGNITUDE (KM)
___ofF cAMERA AxIS . © o e9p78Q457 | we03587440 . 4175630 . _loaed 97272
TRANSFORMATION MaATRIX FROM ‘ TRANSFURMATION MATRIX FROM o
o SELENOCENTRIC TO CAMERA = e LOCAL HORIZONTAL TO CAMERA )
~¢53407100¢00  69237117+00 042365463400 - - =e99097056+00 -l3375150*qumv-?fpgjaaa-uz
T, 25911932+00  +653665%94+0g “e7110%001%00 = 13370938+g0 -+9910045%%00 +26212032702
..75943221«00 -+30552077+00 ~e56 19413400 09958250302 0432826250 o 7999410%%u0
LATITUDE LONGlTUDE
~269869 © 174259
~220324 1754003 .
~220896 -179¢994

=270531. 179+389 | Figure 1(a) - First Frane



APOLLO

MAP 12/7) FIN

Prge =

15 AlS R=4 104
o ) - YEAR T MONTH DAY HOUR MINUTE SECOND B
oM1 71 7 30 2 28 13850
GET - 3 12 54 13055
_.STATE VECTOR R T R 20N S voal Y ool & 0bOov
195000 ~1751 3910614 ' 106745396 “4I0e?956245 -s0621600 Te2102269 1 091258
SELENOGRAPHIC =1383.4097748  1060+2915649 ~ =525:22909%55 eb83p2950 42920957  e5481262
SIGMA(SELENO) ;}.03 ls60 168 °001 <001l 001
LONGITVUpg OF NAQIR POxNT 14245322361 pEe LATITUpe OF NapiR POINT ~16el694778 pig
S1GMa NppIR LONGITUDE .0010863 DEG. S1GMA_ NADlK LATITUDE . +0U0383] Dto
LONG OF CAMERA AXTS INTERSECT 142,5528831 DEG T LUAT1 OF CAMERA aXTS INTERSECT -1647794547 Dra
SPACECRAFT RADIUS 1820.,4137878 kM SPACECRAFT ALTITUDE B243237610 Kn
STGMA SPACECRAFY RADIUS © .0000080 kM AZIMUTH OF VELOCITY VECTUR 2901440239 Ote
MEAN ALTJTUDE RATE «,0365472 KM/SEC HORJZONTAL VELUCITY 166303101 KM/SEC
TILT AZIMUTH 1167826557 DEG TILT ANGLE 4676142 PEG
SIGMA TILT AZIMUTH _ 22448450 pEG S1aeMA _TILY ANGLE .. ..sbyuenRI1 Dea
SUN ELEVATION AT PRIN GRND PNT 35,9029036 pEG SUN AZIMVUTH AT PRINCIPAL GRND PNT 2829498787 Dig
LONGITURE OF SURSOLAR POINT 9044216871 DEG CLATITUDE OF SUBSOLAR PQINT 4580087 Pre
ALPHA 4752964 pEG SWING ANGLE 96¢5290003 OEG
LEMISSION ANGLE 24896893 pEG S1GMA SWING ANGLE edH448443 Dk
I PHASE ANGLE iLE
O LATLARYA BED SqRLSEYIATIOM e B 11 R
SIGMA FHI 0019999 DEG SIGMA X=TILT ,0020001 VEG
KAPPA =159.7458801_DEG YeTdbT . e 644871 PEG .
SIGMA KAPPA 0020000 DEG S{GMA Y=TIiLY 0019999 Dko
OQMEGA : =,0531572 pES HEADING ~69e74623074 DEG
SIGMA OMEGA .0020004% pEG SIGMA HEADING 0020001 peg
SCALE FACTOR  ,0000000 M/KM LASER SLANT RANGE 19676999 Kh_
SPACECRAFT ALT‘TUDE(LASLR) 796743488 KM ALTITUDE pIFFERENCE" 206494122 KM
——SELENOGRAPHIC DIRECTION COSINES b Y z HAGNITUDE (KM)™ "
,*nﬁmﬁAHLBA_AJJSWM*,MMW- 0715632802 ..  =e58885279  +28499,78 829326645
- TRANSFORMATION MATRIX FROM o

SELENOCENTRIC TO CAMERA

TRANSFOURMATION MATRIX FROM

LOCAL HORJZONTAL TO CAMERA

1430708

_=.52403553-01 0724295538400 +%4728043°00 S ~e93613821+00 34516618400 =81047408%02
— 02643359300 v65469018+¢0g =e70817172%00 “e34618442400 =v738BJ6596%Q¢ WV 2776784903
~+9630905%2¢00 +13927684+qq ~0230¢9812*og 0723Q2781-02 °36767896"p2 199996674 %00

'_LAVXYUDE LONG{TUDE T T T T B o B
IIITRRE TTTNBNNNGN T e e e e —
-149275 1410333 '
w]1546]7 14540585
~190201 FLgure l(b) - Last Frame




Mission: _Apollo 15 , Target: Strip Photography

Rev: . 15 , Camera: 24 Inch Panoramic Frames: 134%* Through: 162

Coverage Interval:
From: . 5.1 Deg. § Lat., 104,5 Deg, E long., To: _8.6 Qgg; N _Lat., 73.5 Deg.E long.
From: 106 Hr _6 Min 50.62 Sec, To: _106 Hr _18 Min 11,93 Sec GET

Date Processed: 12/22/71 , APE Version Used: _7 .

INPUT DATA
e Trajectory Tape:

HOPE Version Used: R-£.1

Constants Used:

Lunar Potential Model: 1-1

Ephemeris: _JPL DE 19 (Dauhle Pracisiom)

Libration Model: RTCC (Koziell)

Lunar Radius: 1738.09 Km

Ephemeris-Universal Time Difference: 0.69583333 Min

Base Time: Yr _1971 Month _7 Day _26 Hr _Q Min _0 Sec _ Q0

?{Computation at midpoint of each camera sweep
14

ﬁgﬁCompgta;iog,nge;ygf

Integration Interval: 'vgri,hla‘(ixlof T~ 64 Min.)

* Only'stateyvéctbr:data}are provided for the early part of this photographic
sequencgg(Fggmes 104 through 133) since telemetered vehicle attitude data are
unavailable for that period of coverage.




Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

Time From Base: _120 H, 14 M, 30.2 Sec, _

Type: __QOne Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 15 . For the solution the energy of the orbit was constrained

to be an analytically determined value.

Units: Feet, Second, Degree

’

Components:

= 5417171.14 X = 332.4323
Y = 364506.69 ¥ = -5354:1936 ’
7 = 2636255.82 % = 14,8552

Telemetered Data Tape

. Date Edited:

Edited Data Tape Ne “2  Location: __Bldg. 12, MSC

ark.  no telemeter éﬁicie attitude data for the early part of this
interval. 105 H 54'M 15 Sec - 106 H 6 M 37 Sec GET (Fms 104 through 134)
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day 26 Hr _13 Min __34 Sec 0

Range Zero-Clock Zero Time Difference __ 0.79 Sec
REFSMMAT Used: .582563 .4761836 .6586878
-.2518852 -.6647384 .7033325
«7727705 -.5756492 - -.2673084

A,

n Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:

+ 1 degree in camera positioning angle

#0,2 mrad in each giméal aﬁgle

#21.2132034 ms film exposufe RSS time uncertainty including:
+20 ms in onboard cléck bias definition | |

+ 5 ms.in panqrdhplgpk_drift}rate;definition
+ 5 ms in‘universalétq&%idexeal,time conversion

¥




QUTPUE
Genernal Desciintion:

The output is a listirg of two-page tabulations of computed spacecraft state

camara orientation and photograph position and lighting data. FEach

tabulation presents the results of computations for a specified time within the

renge covered by the magazine.

Format:
Cenerally the format will be that shown in Figures 1 and 2. However, when
thie calculated camera aiming direction.is above the lunar horizon, a message
te that effect along with the computed value of the tilt angle are substituted

for the tabulation.

With the exception of its initial line, the first page of each tsbulation is
self explanatory. The initial line contains six entrjes that are from left
to right:

1. Mission title

2. Magazine identification

3. State vector identification

4. Date of data crizin A

Status of data PKb = prelimimary, FIN = final

6. Frame number within the sequence

All entries of the second page of each rabuleouion are self exPlanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTP'F Summary: These photo evaluation data are for a strip of near vertical
photography starting at 140.5 deg. E Long. and extending WNW to 73.5 deg. E
Long. Only state vector information is provided for the initial region of
coverage, 140.5 deg. E Long. - 104.5 deg. E Long. (Fms 104 through 133); where .
vehicle attitude data are unavailable. Full photo evaluation data are provided
for the remainder of the sequence. Throughout the sequence, tilt was maintained
near zero so that the principal intersection point and vehicle nadir remain

near coincident.
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APOLLO 15  AlS R-i15 MAP 12/71 FIN PAGE = 1234

YEAR HONTH QAY HOUR MINUYE SECOND

eMT 7} -7 30 23 40 5le4l0
: GET : | i 6 200618
STATE VECTOR X o Y . - Z X DoT Y poT L o7V
195000 ' =1630420939860 863.7500534 2108296661 +056815] 7579857 121290330
SELENODGRAPHI “464,1824112 1790+3902893 “16407199039 1¢4013815 o M281405 06928877
— SIGMA(SELENO} 1223 282 290 2000 002 2000
_ LONGITVYDE OF NADIR PQOINT 1045346718 DEg LATITUDE OF NADIR POINT »5.089209) PEe
SIGMA NADIR LONGITUDE ‘ - +0009785 DEG SIGMA NADJR LATITUDE «0004840 DEa
”,LQBﬁ_ﬂﬁ_ﬂkﬂiﬁA_Alli_iuliﬂﬁiil____LQﬂ4511&115.&5__~__mWLAIJ_Q£~£Aﬁ£ﬂA AX1S INTERSECY ===~ -5,09}9555 DEG
SPACECRAFT RADJUS .} 8596,9047546 KM SPACECRAFT ALTITUDE 1188147583 KM
—SIGHA _SPACECRAET RADIYS _ ~0000046 KM AZIMUTH OF VELQCITY YEGIOR 295.4225540 DEG
MEAN ALTJTUDE. RATE . =,0028283 KM/SEC HORJZONTAL VELOCITY 106198010 KM/SEC
— TILT AZIMUTH Lo 2265437977198 DEG —TJLT ANGLE «M576749 0@
SIGMA TILT AZIMUTH A .0039340 DEG SIGMA TILT ANGLE 20020377 Qtea
M_Suu_£L£¥JJJﬂﬂ_Al_£Kiu.ﬁRunﬁﬁux____hﬂ*5§15013~D£ﬁﬁwW —SUN AZIMUTH AT PRINGIPAL GRND PNT_ 28]1.3684769% 0EG
LONGITUDE OF SUBSOLAR POINT . 79.6227?89 DEG LATITUDE OF SUBSOLAR POQINT 0440754} Dkg
ALPHS . ik 2,0342307 DEG __SWING _ANGLE 199.556749%38 QEG
P EMISSION ANGLE . . +0617703 DEG SJGMA SWING ANGLE 2,00196}0 PEG
S PHASE ANGLE . 2544767296 DEG ~ NORTH DEYIATION ANGLE e 3B 80 L7RSI59 VEG@
PHI g  «0191473 DEG XeTILT »+06387980 DEG
SIGMA _PH] ' »0020000 pEG =~ SJGMA XeTJLT : «0020000 PEG.
KAPPA ‘ . =|54,1788339% DEG YeT LT =e0171473 LEG
© . 5]GHMA KAPPA L 0020000 _DEG SIGMA YwT]LT — «0020000 PEG
OMEGA - ~.0538980 DEG HEADING v6441787930 DEG
_S1GMA OMEGA : 0020000 DEG S IGMA HEADING i e .2 Q020000 DEG
SCALE FACTOR : «0000000 M/KH LASER SLANT RANGE 1166490002 KN
—SPACECRAFT ALTITUDE(LASER) . 116,4648943% KM ALTITURE DIFFERENGE .~ _ «2¢1650144 KM
SELENOGRAPHIC DJRECTJQN COSINES X R | e k. MAGNITUDE (KM
- . 0F CAMERA AXIS 025067974 096406131 +08800821 118ed 489
TRANSFORMATION MATRIX FROM L i TRANSFORMATION MATRX FROM
e SELENDCENTRIC TO CAMERA LOCAL HORJZONTAL TO CAMERA
—  +40185915%00 v5877866%°00 «7021%108%00 »e90015759+00 +43556432+00 «d34}18265"03
_22%904230+00Q 65624945500 =270284840*00 *e43556381+00  =e90gQi5730+0¢Q +94069708~03
— ®=+B878295%4+00 *46433640%00 0 113%96479°00 0710573%4=p3 ¢70121363%03 0 79999952¢00 -
LATITUOE LONGITUDRE
o =he327 00919 Figure 2(a) — First Frame
- l . q 8 q l 03 . 285 - wim e s e . — et st = & & Semea
32824 108ef47 .

~8+684 1059803 - e



,,,,,, ___APOLLO ;5 Al5 R=i5 MAP l2/71 FIN PAGE = 6l -
YEAR MONTH DAY HQUR MINUTE SECONOD
oMT 71 7 30 23 52 120725

— GET N 10 ke 41931 e U

STATE VECTOR % Y z x uorT Y vol 1 0067
19500 ~92741373%01 132940637665 3987229767 1 e3460627 ¢J665580 8296238

SELENOGRAPHIC 518.2380524 1752.1688232 T 50842709579 Te3863143 Twe5337732 T 854215
S]GMA(SELENO] 172 166 e85 «000 o QU2 w000
LONG]TUDE OF NADIR PQINT 73,52338%8 DEG  LATITUDE OF NADIR POINT 945763087 DPEG
SIGMA NADIR LONGITUDE .0010026 DEG SIGMA NADIR LATITUDE »0004657 DEG
LONG QF CAMERA AXIS INTERSECT 73.4865198 QEG LAT] OF CAMERA AX]S INTERSECT 9406157198 VEo
SPACECRAFT RADIUS 1853.0237885 KM SPACECRAFT ALTITULE 1149337921 KN
S]GMA SPAGCECRAFT RADJWS .00000%90 kM AZIMUTH OF VELOCITY VECTOR 2941729774 LEa
HEAN ALTITUDE RATE «,0082050 KM/SEC HORJZONTAL VvELOCITY 146230718 XM/SEC
_TILT AZIMUTIH 3173142893 DEG_ - TiLT AnGLE e81081}13 LEG
SIGHMA TILT AZIMUTH 1413324 DEG SIGMA TILT ANGLE 20020003 VEg

SUN ELEVATION AT PRIN GRND PNT 78,8635025 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 14649911270 OEG
LONGITUDE OF SUBSOLAR POINT 79.5264454 DEG LATITUDE OF SUBSOLAR POINT 02405943 DEG
ALPHA B499444 DEG SWING ANGLE i . 29344181747 VEG

w EMISSION ANGLE 8644535 DEG SIGMA SWING ANGLE ol®13322 Ote _

L PHASE ANGLE 10.2854462 NDEG  NQRTH DEVIATION ANGLE . 1b5481329v2 bke

M PHI 7456670 DEG XeTILT e318322] Pee

..... S1GMA PHI 0020000 NES S1GMA XeTILT — «0020000 LEG_
KAPPA »155.,8018398 DEG YeTILT ~e 7456555 PEG

__ S1GMA KAPPA 20020000 pnEG SIGHMA Y=TILI . sYu2000Q VEo .
UMEGA «3183221 DEG HEADING ) ~65.80c9807 DEq

..... S31GHA QMEGA .0020000 pEG S1GMA HEADING ... ..__.....28020002 Oka
SCALE FACTOR .0000000 M/KH LASER SLANT RANGE 0000000 KM

SPACECRAFY ALTITUDE(LASER]

0000000 KM ALTITUDE PIFFERENGE

“1 1409337924 KW

SELENOGRAPHIC DJRECTION COSINES

X . Y Z

OF CAMERA AXIS

-+27093488 94985834 =015408785

. HAGNITUDE (KM}

114946078

TRANSFORMATION MATRIX FROM

- ‘ SELENOCENTRIC TO CAMERA

TRANSFORMATION MATRIX FROM
LOCAL HORIZONTAL TO CAMERA

«82011028%00 023853680%00
L J

«B2011480%00

-.91208568¢00

«4Q979316¢00

13013776%0)

_ ; . 657¢0g =o7ip27156*00 o 4788744400 =¢91211913%00 ~55557400%02
— *e50961562¢00 71784195200 247433624400 095934056702 =01i0401476-01 079989989%00 ..
LATITYDE LONGITUDE
__Be2)9 70.087
12940 7242232
10e843 77100

60024

Figure 2(b) - Last Frame
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Mission: _ Apollo 15 , , Target: _Strip photography
av: 16 ., Camera: _ 3=Inch Mappine ____ Frames: _ 279  Through: 427

—(overage Interval:

From: _25.2 dEg- § Lat., 169,2 deg., E long., To: ZS.Q'deg N _ Lat., 13.8 deg.W levg.

From: _107 Hr _43 Min 27,039 Sec, Te: 108 Hr _43  Min 48,864 Sec GET

ate Processed; 12/14/71 s APE Version Used: 7.

INPﬁT DATA
o Trajectory Tape:
] HOPE Version Used: B-6.1 ‘ I
Constants Uged: .
Lutar Potential Model: _1-1
Ephemeris: _JPL, DE!19 fbﬂub]9-PrPPiqjon\
Libration Model: RICC (Koziell)
Lunay Eaﬂius:. l?3é.0§‘Km _
‘ Ephemeris-Universal Time Difference: Qngﬁggzjl_Miu,
{
hN Base Time: Yr _1971 _Month _7 ~Day 26 Hr _Q Min __0___ Sec__ 0
Computation Interval: _Computation at_each filwm ewxposure rime
" Integration Interval:  Variahle (h:m'm - R4 _Min) ' —
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

Time From Base: 122 H, 12 M, 41.84 See,

Type: __One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 16 . For the solution the energy of the orbit was constrained

to be an analytically determined value.

Units: Feet, Second, Degree

Components:

= 5418330.03 X = 304.2696 -

Y = 351625.64 ¥ = —5355.8441 .

7 = 2636094.12 7 = 15.0709
Telemetered Data Tape
Data Source: Station tape
Bit Rate: High
Date Edited: 1 Dec. 1971
Edited Data Tape No. _A09550 File No.: 3 Location: _ Bldg. 12, MSC

Remarks: There were no significant data gaps in the telemetered vehicle attitude
data for this interval.

3-14
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APE Card Imputs:

Time Of Launch: Yr 1971 Month 7 Day 26 Hr 13 Min _34

Range Zero-Clock Zero Time Difference 0.79 Sec
REFSMMAT Used:  g5go563 .4761836 .6586878
-.2518852 -.6647384 .7033325
7727705 -.5756492 - -.2673084

Qamera Positioning Angles Used:
the camera optical axis (camera posi

‘Uncertainties Assumed:

+ 1 degree in camera pqsitioning angle

$21.2132034

20 ms
5 ms
5 ms

M

+0.2 mrad in each gimbal angle

ms film exposure RSS time uncertainty including:

in onbdard clock bias definition
in onboard clock drift rate definition
in universal to sidereal time conversion

3-15

The angle from the spacecraft body X-Z plane to
tioning angle) was 37.75 degrees.



OUTPUT
Generél Description:

The output is a listing of two-page tabulations of computed spacecraft state
camera orientaticn and photograph positioﬁ and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:

Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulation.

With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

Magazine identification

. State vector iéeptification

2

3

4. Date of data origin

5. Status of data PRE = preliminary, FIN = final
6

. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the jeft-hand side of the page.

OUTPUT Summary:

These photo evaluation data are for a sequence of near vertical photography

0'deg. E Longitude and ending at 14.0 deg. W Longitude,
taken along a line sta ing at 25 deg. S Latitude and ending at 25.deg. N
Latitude. Throughou ‘the sequence tilt was paintained near zero (less than . -
0.8 deg.) so that the vehicle nadir and principal intersectionm point’ remain
essentially coincident. ' ,

starting at 169
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-28:036 171785

APOLLO 15 A5 R-16 HAP 12/T1 FIN TUPAGE ~ 279 i - -
"YEAR HONTH ~ DAY  HOUR MINUTE SECOND - o
MW.QEJ;_._J ~,*Mw_1-um_wng.a_wm_.1_.M~m 17 27.854 e
GET 4 [N 43 274059
‘ X Y 4 %X GOT Y poT . &bobovy
19%0+0 »]135]10858612] 64605402679 “]070:298294]) *19036)913 10785546 «6306305
 SELENQGRAPHIC =]1647+0096893 3152675323 w788.8294220 12232298 106004065 1534106
SIGMA‘SELENO) 028 1e98 el 9 « 002 +000 1001
LONGITUDE OF NADIR POINT T169+1636353 DEG TTEATITUDE OF NADTIR POINT w25+192568% DEG
SIGMA NADIR LONGITUDE 00011906 DEG _S]GMA NADJR LATITURE «0001160 0EG
TLONG OF CAMERA AX1S INTERSECT ~ 16941712303 DEG LAT] OF CAMERA AX|S INTERSECTY ~25.1977382 DEG
SPACECRAFT RADJUS ‘ 185341827545 KM SPACECRAFT ALTITUDE 1150927277 KM
SIGMA SPACECRAFT 'RADIUS o 20000021 KM T AZIMUTH OF VELOCITY "VECTOR 27641385384 DEG
_MEAN ALJTITUDE RATE -  +Q085489 KM/SEC ~ HORJZONTAL VELOCITY .. 196231136 KM/SEC
TILT AZIMUTH ‘ 12699427872 DEG TILT ANGLE + 1299099 DEG
_SIGMA TILT AZJMUTH 18797262 DEG  SI1GMA TILT ANGLE 00020237 DOEG -
SUN ELEVATION AT PRIN GRND PNT =e4349108 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 27040599365 DEG
_LONGITUDE. . OF SUBSOLAR POINT ... JIﬁ.aD3243JMDEGNMW“.”LAIIJMQEmﬂﬁwjuBSQLARwﬂginJqﬂﬁnﬂ,WWH.”MWM12J31?l3 DEG
ALPHA v1107554 DEG SWING ANGLE }20.8843889 DEG
EMIGSION-ANGLE —— Wwwmﬂ.WWJJAAEJAAWD£G___WNMSIGMA_ﬁuLNGWANELLMWH,mmwMUM.;w” 48791229 OEG
PHASE ANGLE . 90+324]}558 DEG - NORTH DEVIATION ANGLE , 173,9448490 VEG
!Pul we} 114493 _DEG XeTILY »e 0666604 DEG
Tsi1aMA PHI +0020000 DEG SIGHA KXeTILT »0020000 DEG
CKAPPA o =173e9414768 Q6. . _YeTIWT_ o — . _._.._®l]l14492 DEG.
SIGMA KAPPA +0020000 DEG SIGHMA YeTILT +,0020000 DEG
_OMEGA L Mwawmw,-QQAAGQOHNggﬁuwm_;,HEAD!NG - i o  =83+94160237 DEG
S1GMA OMEGA «0020000 OEG SIGMA HEADING « 0020000 DEG
SCALE FACTOR +000000Q M/KM LASER SLANT RANGE B 11443859987 KH
SPACECRAFT ALTITUDE(LASER) 11403857098 KM ALTITUDE DIFFERENCE =+v7070179 KN
__ SELENOGRAPHIC DIRECTION COSINES X Y ’ MAGN]TUDE (K#)
OF CAMERA AXIS 88897335 =e17200997 *42442822 115093048
. T TRANSFORMATION MATRIX FROM = YRANSFURHAT]ION MATRIX FROH
SELENOCENTRIC TO CAMERA o LOCAL HORJZONTAL TO CAMERA
«463275655400  ©66792552+00 ¢39178395%00 e 99441297+00 ¢ 10554187400 =+19451547=02
¢25543030%*00 V65T66954+00 =+70867907%00 T B -.;ossqulood'“?1963ﬁ1365¥6b Te11634435-02
--73100927‘00 ~034834785%00 --58675319*09 _ } =e}8114962702 013622297702  +99999747°00
»»»»» — LATITUDE LONGITUDE U . , e
- w274480 1654909 - U o
Sl Taeave Figure 3(a) - Pirst Frame :




TAPOLLG TS AlS R=16 MaP 12771 IN“’T“”““?XKE“T”"WIT"”" T
o T - TS T O NERR T MONTH DAY T HOUR T HMINUTE SECOND T T T
- e e CGMT 7y T3y 2 M7 M9eb57
GET 4 12 43 4B eB6H
STATE YECYIQR X . Y . Y S X 00T Y vol . i 00T
195040 13828614960 59461961386 1052737564} 9873663 “1e1142629 e 6824263
_ SELENOGRAPHIC. 16175921021 Mwmfliéﬂléijﬁmsdmmwu7Zﬂeb02é7éﬁ.ﬂ.,:1;LDQJZZWWMW =} eB970437 . _=e BB
SIGMA{SELENO) 0«38 le98 023 «002 «000 Q01!
LONGITUDE OF NApDIR"- PUINT -13.526226Y”6EEW*””””LX?}?UBE”6?WNA0xR"FdinT o TTT24 49439514 DEG
SIGMA NApDJR LONGITUDE 20012071 DEG S]GMA NADIR LATITUDE +0001379 DEG
LONG OF CAMERA aXIS INTERSECT <T3.7774681 DEG UAT] OF CAMERA AKIS INTERSECT S, 9616246 DEG™ T
SPACECRAFT RADIUS  1836+7199860 KM SPACECRAFT ALTITUDE =  984629959] KM
S1GMA SPACECRAFT "RADIUS +0000023 KM AZIMUTH OF VELOCITY VEGCTOR 26248337555 DEG
‘-naAumALliluniwﬂﬁlz_WWWML_, o ..=e00B1Bg32 KH/SEC HORIZONTAL VELOQCIIY . 196376859 KM/SEC
TILY AZIMUTH . 31901546288 DEG TILT ANGLE : 4117041 DEG
_S1GMA TILT AZIMUTH. 220803338 DEG .. SIGMA TILT ANGLE o ...e00)9872 VED
SUN ELEVATION AT PRIN GRND PNT =]¢7745771 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 88¢9103746 0DEG

_LONGITUDE QF SUBSOLAR POINT.

18029102377 0RG___

LATITUQE OF SUBSOLAR POINT

+2385356 0EG

ALPHA 2278345} DEG SWING ANGLE 32547203712 0EG
__EMISSION ANGLE . .%435)001 _DEG . __ SIGMA SwING ANGLE o _ +2803335 DEG
-~ PHASE ANGLE F1e4962626 DEG NORTH DEVIATION ANGLE 186¢5735282 DEG
LBl ©2318979 DEG  XeTILY +3402035 DEG -
;,Sxanu PHI 20019998 DEG TSTGMA KeTILT ,0020002 DEG
o KAPPA 17344350929 PEG_ Y~TJLT ) o ~+23)8938 DEG
SIGMA KAPPA +0020000 PEG SIGMA Y=TILTY <0019998 LEG
OMEGA e i _433402035’D§§~wﬂ~_vﬂgADiNG B | =9645662918 0EG
SIGMA OMEGA B +0020002 DEG STGMA HEADING T, 0020000 DEG
ScALE FACTOR +0000Q00 M/KM LASER SLANT RANGE 1016699982 KM
SPACECRAFT ALTITUDE(LASER) 10146673775 KM ALTITUDE OIFFERENCE - 3,0374184 KM
" SELENOGRAPHIC DIJRECTION COSINES X ‘ Ty ’ i MAGNITUDE (KM)
_ OF _CAMERA AXIS . _=eBBHO1792 2116528  =e41679175 986326460

T TRANSFORMATION MATRIX FROM

“TRANSFORMAYION
LOCAL HORIZONTAL TO CAMERA

WATR{X FROM

SELENOCENTRIC TQ3CAMERA

,60699147+00 =+68431128400 =¢40407851+00 ) ~199343209400 =¢11435174400  +40472990-02
T 25705827400 v 6S019055%00 "-¢7;quqq7$ﬁb”"“mww”’m“*'”' 911432676400 Sv99342590¢00 ~e59376361-02
| .75198635+00  +33010644+00 _ «S70866e9%00 +46996715702 =+54359097+02  +99997422200
LATITUDE LONGXTUDE —
e L _ 22 394 'QN:TST§ﬁ7 e e e _
260881 164540
[ .. 27421 -11¢50] e e e I T, — -
22+889 “10993

Figure 3(b) - Last Frame




Mission: __Apollo 15 . ., Target: S;:ip._zﬂz@.@;za&ﬁl_

Rev: 22 , Camera: __3-Inch Mapping Frames: 457 Through: _ 604
"~ Coverage Interval:

From: 25.0 Deg. S Lat., 161.8 Degv.,'_,E_ Long., To: 24,8 Deg. N Lat., 20.6 Deg.W long.

From: 119 ~Hr _34 Min 48,944 dec, To: 120 Hr 35 Min4.35 Sec GET

Date Processed: 12/21/71 , APE Versiom Used: 7 ,'

E=

II\'IPUT DATA
& Trajectory Tape:
. HOPE Version Used: B=6.1 ‘ -
Constants Used:
' Lunar Potential Model: I-1
EPthm?riS’?» JP_L DE 19 (Double Precision)
Libration Model RTCC F (Koziell)
Lunar Radius: '1'7'38.09 Km
( Ephemeris-Universal Time Difference: 0.50§53333 Min.
A Base Time: Yr 1971  Month _ 7 = Day 26 Hr 0 Min_ 0 Sec __ 0

Computation Interval: _Computation at each film exposure time

Integration Interval: _Variable (131074 — 64 win)
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Initial State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

. 134 H, 1 M, 55.32 Sec.

Time From Base:

Type: One Revolution Solution

Description: This vector was determined from 2 golution based on a fit of
data from RevV 22 . TFor the solution the energy of the orbit was constrained
to be an analytically determined value.

Feet, Second, Degree

Units: __
Components:
©o X = 5428075,02 - X = 192.7182
Y = 346707.01 ¥ = -5353.9628 ’

z = 262246091 7 = 225,6916

e Telemetered Data Tape

e TSR TSR

e’

P

S

. Data Source: Station tape.
t”% Bit Rate: _High _ _
Date Ediced: - 1 pec, 1971
% Edited Data Tape No. A09550 Fiié No.: 4 Location: Bldg. 12, MSC
Remarks: There were no significant ga;s in the telemetered vehicle attitude data
employed for this sequence:
3
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APE Card Inputs:

0
Time Of Launch: Yr 1971 Month _7 Day 26 Hr _13 Min _34  Sec Y
Range zero-Clock Zero Time Difference 0,79 Sec
' 86878
REFSMMAT Used: .582563 .4761836 .65
-.2518852 -.6647384 .7033325
.7727705 -.5756492 -.2673084

The angle from the spacecr

Positioning Angles Used:
oo the o : ’ positioning angle) was 37.75 degrees.

to the camera optical axis (camera

Uncertainties Assumed:

+ 1 degree in camera positioning angle

0.2 mrad in egch gimbal angle

+21.2132034 ms film expoéure RSS time uncértainty'including:
20 ms in onboard clock bias definition

5 ms in .onboard clock drift rate definition '
5 mg in universal to sidereal time conversion

T
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General Description!

puted spacecraft state

Each

The output is a listing of two-page tabulations of com

camera orientation and photograph position and lighting data.

tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format: |

GCenerally the format will be that shown in Figures 1 and 2. However, when

the calculated camera aiming direction is above the lunar horlzon, a message
to that effect aloag with the computed value of the tilt angle are substituted
I .

} for the tabulation.

With the exception of its initial line, the first page of each tabulation is
self explanatory. The jnitial line contains six entries that are from left
to right:

1. Mission title
2. Magazine identification

4 - I3 .
; 3. Stete vector identification

Tt

: 4. Date of dcta origin

5. Sratus of data k& = preliminary, FIN = final
6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above OT below tne

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for -a near vertical sequence of
photography'étarting;at'161;81deg, E. Long., 25.02 deg. S. Lat., and extending
WNW to 20.6 deg. W. Long., 24.8 deg. N. Lat. Throughout the sequence a mnear
zero (less than 1 deg. otilt is maintained so that the principal intersection
point remains essentiall oincident with the vehicle nadir.. . ...

f{}"%mﬁ/

£ ;
izt
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ﬂ?@llo ’; ‘15 R,zz HAR ]zpn F!N PAGE =« 457 — B
¥ EAR MQNFH DAY HOUR—WINUTE——SECOHD
GHY 71 7 3l 13 8 494737
6ET 4 23 34 4844 - - SR
SYATE VECTOR X : ¥ 1 : X oo7 Y por 1 Dov
[YS0W0 w38 VHIILZTOT EAREREAE AN A?+a%4T+%&e5#4*——»+Teaasa~4ﬂ—-—A—+~04nalsla- ------ e 6HBBLLD
SELENOGRAPHIC ~1595¢7704010 52440339966 -184.382x56« 177396 105587112 03700979
—STGRATSELERUT ve2 v 93 22 082 900 Q04 —
—LONGHTUDEOP—NAOTR—POINT }6+v 8303697 DEG- "T’1“¢S~0F—N#D+R—304#1————w-—w~‘m_115+0J1blﬂﬁwﬂﬁﬁmmf_
S]GMA NADIR LONGITUDE v0011875 DEG SJ]GMA NADJR LATIVUDE 00001309 VLEG
—LONG—OF—CANERA AR5 —INTERSEET 1-6-1-+84 23089 DESG AT OF CAMERAAX] w2540} 620)3 DE@___
SpACECRAFT RADIUS 185397395020 KM SPACECRAFT ALTITUDE 11596495056 KM
—STGHA—SPRCECRAP T RADTUS v8 008655 —KH ALV TH—OF— VR Qe T VL TOR 2747927933 DEG
MEAN- ALTITUDE RATE . C «0090685 KM/SEC . HORJZONTAL VELOCITY . : 1¢6225993 KM/SEC
TICY AZTHUTH R ERLAL LA I H T ANGEE 3R UMTYI OER
SIGHA TILY AZIMUTH . ’ 012906311 DEG S]GMA TILT ANGLE «0020017 DEG
—SUN ELEVATTUN AT PRAN GRNOPNT 1418528 DEG SUN—ATIHUTHAT PRINCHRAL—GRNDPNT—— 27045993890 086
LONGITUDE OF SUBSOLAR POINT 7297692642 DEG LATJTUDE OF SUBSOLAR POINT 02290919 DEG
ALPHA . v 32855299 UEDG SWING ANGLE 431 25FO e —
EMISSION ANGLE v4206956 DEG S{GMA SWING ANGLE 12906314 DEG
TPHRASE ANGLE T BETYIZVIHT7T OEG ‘ﬁﬁﬂ?ﬂ“ﬁtvftffﬁﬁ‘*Nﬁtf'"“’—~*~’—*ww—%44129}%0?5—0€G-»
PCPHI ' we2754670 DEG XnTibLT : «2821548 DEG
OSTGHR PHI 00200007 DEG FHeMA—xw T LT — g 30 20000 OB o
KAPPA . ~173¢41990108 DEG YeTILT 12754637 VEG
STGHA KAPPA ; vU0Z00UUU DEG STOMA Y s T ITT : 0026000 Ee—
OMEGA «2821548 DEG HEADING «B81e1976519 OEG
“S{GHA UNEGA cUu20Oﬂn*ﬁﬁﬁ—**—”'STﬁﬁfﬁﬂt*ﬁTnv - e - e 0020000 DEG- -
scALE FACTOR +«0000000 M/KHM " LASER SLANT RANGE ' 11844200001 KM
__SP,’rc.ttR FTT'_‘ T fTUCt A S R) - N ..__t_T_e -—‘H 7’2’6“ KM — T 1%95 —B *FF’E—R'E'NGE—-——M' e+ e .2,,,7*.7“53.,&5 KM
SELENOGRAPHIE DIRECTHON—COSINES ¥ - .. MAGNITUDE (KNI
- OF CAMERA AXIS -85740985 -.28720284% 42703966 115:652435 —
TRANSFORMATHON—HA TRIXFEROM . ,.,JRAEHJRMI.LQHML&XL,ERO”
. SELENOCENTRIC TO CAMERA LOCAL HORJZONTAL TO CAMERA
T we$2251256%00 +66902975+00 +40605090+00 «y99294917+00 v 11844332400 --%80772'0-03 wwwwww
rwes RVARS FA'LY 76630093500 v 03 8215+00 - .;;euﬂwmhaowwu&wwnz
7 ,73998980¢00 =~+33430171¢00 v 58365875%00 -e53571152~02 ~e43204721-02 e 99997636+00"

AT

! — e et

27+ 32P—— 358 MBI

-22+105 159319 : e
o g e?35 oM PHI— ,
T e27.948 1644402 » ' T T T

VVVVV o " Figure 4(a) ~ First Frame




..... S - APOLLO 15— Al R=2 2 Mpe 12471 EIN CPAGE = 604 e
YEAR - HMONTH DAY HOUR __MINUTE SECOND R
GMT 71 1 31 14 9 GelH7
— GEY : A__,s_,_,__.,#o_..ﬂ,_ssr_,_,”«u;s:;,_‘_ e
STATE VECTOR b Yy z x DOT . Y vov z vor
o 5 ug,_,__,_;mwlznonp___*mma_,_.,,_-,,,.11.;441b,3.5§~.-.,_,.,w,,.w,.,_ﬁzwx, 6950171

SELENOGRAPHIC 15593576050 ~58802919617 704719467 ~y 4951290 “]eH4B6064 -92011540
STGRATSECENDT vot —Hv2 2o———— 382 e GY o B R
OF™ R*?ﬁfﬁfff”“"**‘*%ﬁTﬁﬁQ?ﬁ9%—Bﬁﬁ*—n——*h*4+409€79FmH&0+3—30+Nl—fwm~wnwwm»~~w2343¥051§3~u53u
R LONGITUDE j 20012059 DEG S]GMA NADIR LATITUDE © .0001498 DEG
“CAMNERK AKX —ﬂ*ﬁf£8€f+*f“ﬂdmntﬂﬂﬂﬂ€1—e€6~—~u-&*4+ﬂ9£~e*neRA‘A%+s—lNliasaclm».MWMMJAJBOH+LZJ DEG
spACECRAFT.'RADIUS ' 183641128845 KM SPACECRAFT ALTITUDE 9840228882 Ko
STEMA—SPRCECRRFT RADIYS 0000060 KM i mUTw. OF VELOCITY VECTOR I 26243679466 DEG
‘ , 1TUDE RATE ~e008732g KM/SEC HORJZONTAL VELOCITY : le6381769 KM/SEC
—TCY RZTTIRUTH g8ty 0EE Ffb%—*N&t&~—--l-w—~ﬂw~-~«~wmwm~u~ww«w+11&+503wDEﬁ~mw
SIGMA TILTAZIMUTH «3086879 DEG S]GMA TILT ANGLE ,0020027 DEG
"SUN—tttvxTTUN—rT‘FRTw—ﬁﬂﬂv—?Nf—w—f~11ﬁ414%+4—eﬁe~wr«—~suw~*%+ﬂu%ﬁ~44w¥84h£4$*ew6RNOwPlewmm8&+51161b1wDEG-«m
LONGITUDE" OF SUBSOLAR -POINT 7242582226 DEG LAT{TUDE OF SUBSOLAR POINT v2281970 DEC
—KCPHE - S L AL AT R A S iNe—ANGEE e+ )
EMISSION ANGLE 13921080 DEG SIGMA SWING ANGLE v 13086879 DEG
~——PHASE ANGLE ?219+%6+6ﬁ«956—-~w~ﬂeR%#—B£¥44440N~ANGL£w~——«ww~v~wwww——L314leﬂ$24wDEﬁ~ww
PHI ~+3336901 DEG X=TILT - wy 1624049 DEG
—STGHAPHT -—fapﬁeg%gg BH&&—MSHM+H’~——~ U 40020000 DEG.
P KAPPA o . 172+31987764 DEG YoTILT ,3336888 UEG
RSTGRAKAPPA ; — , vGG2ﬁﬁﬁﬂ—aﬁér~—~—~—5+G&k~¥w¥%bF—*Mwww—ﬂ-~—A~—f«—»~——f~m~m~ﬂﬂlﬂﬂﬂﬂ—uﬁﬁ———
OMEGA - ~91624049 DEG HEADING -97.681075) DEG
W 'Wﬁﬂﬁﬂ——t}&ﬁ———-———%%kQ}NG.—«——-—»—WW——M-~»w~~—_ e - . ..0D200D0. DEG--
SCALE FACTOR ‘ .0000000 H/KH LASER SLANT RANGE 100e4639997 Kt
WW +00v 51895 AT TR £ DA FEFERENGE s e oo 244390078 KM
“_;5£teﬂpéﬂ4ﬁu+§e—0+neCJ4£WL4%&HHUﬂi~w X Y L. MAGNITUDE (KBI.
OF CAMERA AXIS «s84628498 32584786 ~e 42145569 98.025070
_w_*“"*—“‘~———”—*ﬁ*ﬁ$F9RH*%+QN—N#4R+%~$ROM~ 4&%~_1RANS£JUU1Alxnu,nAlﬂiﬁMﬁagnmm_ )
AELENOCENTRIC TO CAMERA LOCAL HORIZONTAL TO CAMERA -
159678980¢00 wy67875858+00 ~e42513243%00 ~e99101061+00 vv]3345655¢00 «e58239345002 7
— 282 TTIIY0U v 3THe+00 70397812+ 00 -:3"‘:‘!&é°*90-1d3442558400~~m.18,\&&ulm_
47600252900 e314l4211+00 56892563400 . e 50533902 02030707502 «99997%06¢00
[ HHNDE—*'——LONGHWEMM_W e [
—23edh? n23e786
264738 «23¢554 )
) 274333 2] 81518 Figure 4(b) - Last Frame
22+871  =17+955 e -
( (E i _ { i
o 7 e . . 72?%”?’”!. . . —— Vg



&

Mission: __Apollo 15 - o ,'Térget:_fgrward_oblique Strip Photography

Rev: _ 23 s Caméra: 3-Inch Mapping Frames: 753 ___ Through: _869

A =S

Coverage Interval:

From: 21,3 Deg. S Lat., 138.15 Deg E_ Llong., To:24.6 Deg. N Lat.,lg;ﬁ_ngggi_}png.

From: 121 Hr _ 39 Min 46.55 Sec, To:122 Hr 32 Min 30,53  Sec GET

Date ?rocassed: 12/30/71. N AEE Version Used: 7.

INPUT DATA

@ Tiajectory Tape:

HOPE Version Used: B-6.1
Constants Used:

Lunar Potential Model: _1-1

Ephemeris: _JPL DE 19 (Douhle Precision)

Libration Model: RTCC (Koziell)

Lunce Radius: 1738.09 Km 7 o

Ephemeris—Universal Time Differencei 0,69583333 Min.

Base Time: Yr 1971  Month _ 7  Day _26 Hr 0 Min _0 Sec 0

Computation Interval: Computation at each film exposure fime

Integration Interval: _Variahie (110714 - 64 Min)
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Initial State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

Time From Base: 136 H, o M, 7.20 Sec.-

Type: One Revolution Solution

Description: This vector was determined from a solution based on a fit of

data from Rev 23 . For the solution the energy of the orbit wa

to be an analytically determined value.

Units: Freet, Second, Degree

s constrained

Components:

e
i

5428943.73 178.5119

]

e
fl

=5352,9837

v b
I

349599.12

L]

259.6515

2618976.06 z

(]
]

e Telemetered Data Tape

Data Source: _Station

Bit Rate: High

Date Edited: 22 Dec. 1971

Edited Data Tape No. A09556 pile No.: _1 Location:

Bldg. 12, MSC

Remarks: There were two significant gaps in telemetered vehicle attitude data

within the interval of this sequence:

1) 121 H, 58 M, 51 Sec - 122 H, 3 M 51 Sec (Frames 796 tnrough 805)

2) 122 H, 8 M, 51 Sec - 122 H, 18 M, 24 Sec (Frames

3-26
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APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day 26 Hr _13 Min 34 Sec 0

Range Zero-Clock Zero Time Difference ___ 0,79 Sec
REFSMMAT Used: .582563 .4761836 .6586878
-,2518852 -.6647384 .7033325
.7727705 ~.5756492 —~.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:

+ 1 degree in camera positioning angle
+0.2 mrad in each gimbal angle

421.2132034 ms film exposure RSS time‘uncertaint§ including:

H
w
o
3
o}
3
(=
Q
o
)
2
N
j o
a
e
o
e
o]
wn
Q.
[
Hy
e
o]
fedo
T
[
[e]
=]

20 ms in on
+ 5 ms in onboard clock drift rate definition
* 5 ms

ms in

‘universal to sidereal time conversion
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OUTruUT

General Description:
The output is a listing of two-pags tabulations of computed spacecraft state
camera orientation and photograpi: position and lighting data. Each

tabulation presents the results of computations for a specified time within the

range covered by tihe magazine.

Format:
Generally the format will be that shown in Figures 1 and 2. However, vhen

the calculated camera aiming direction is above the lunar horizon, a message

to that effect along with the computed value of the tiit angle are substituted
for the tabulaticn.

With the exception of its initial line, the first page of each tabulation is

self 2xplanatory. The initial line centains six entries that are from left

to right:

1. Mission title

2. Magazine identification

3. Stare vector identification

4. Date of data origin

5. Sratus of data PRE = preliminary, FIN = ftinal

Frame number within the sequence

second page of each tabulation are self explanatory except

A11 entries.of the pag

the photograph frame corner locations. These appear above or below the

corresponding .frame corner number on the left-hand side of the page.

OUTPUT Summary: ‘ o
These photo evaluation data are for a strip of forward oblique photography

starting at 138 deg. E Long., 21.3 deg. S Lat., and ending at 19.6 deg. W
.Long.), 24.6 deg. N Lat. Throughout the sequence a forward tilt of 24.5
+0.5 deg. is maintained causing the principal intersection point .to.lead .
the vehicle nadir by approximately 2 deg. throughout the sequence. For the
regions between 83.8 — 70.28 deg. E Long. (Frames 796 - 805) and ;56.2 -
27.4 deg. E Long. (Frames 818 - 837) where telemetered vehicle attitude
data are unavailable, ‘only vehicle state vector data are provided. State
vector data only are provided for frame 847 as a result of some computer

‘erratic.

3-28

%
&

P e

T



APOLLO |5  AlS R=23 MAP }12/71 FiN PAGE = 753 _
YEAR MONTH DAY HOUR MINUTE SECOND
cHT 71 7 EY 15 13 47 ¢34)
gET ) i 39 46¢549
STATE VECTOR X . Y x poT Y DoV i oo7
19500 »167802039)85 «187.1797890 77101396179 wes5670278 Je2012841 09275478
SELENOGRAPHIC =}325,1416168 1111e4311829 674430803711} 88362086 1e30Q738) 3904734
SJGMA(SELENO) ‘ 1409 el 050 00} +Q0} + 001}
" LONG]TUDE OF NADJR PQINT 140,0125523 DEG LATLITUDE OF NADIR PQINT =21¢3018453 DEg

SIGMA NADIR LONGITUDE . 20011192 DESG
LONG QF CAMERA AXIS INTERSECT _ 138.14885J) pEG

$51GHA NADIR LATITUDE
LATL OF GAMERA AXIS INTERSECT

«00028e8 DEG
2103871021 PEG

~ SPACECRAFT RADIUS 185643589172 kM
Sl1aMA SPACECRAFY RADIUS 0000nAz kM

SPACECRAFT ALTJTUDE

118e2689209 KM
AZIMMTIH OF yELOCITY YECIOR 28520790520

MEAN ALTITUDE RATE

PEG

0061521 kM/SEC HORJZONTAL vELOCITY 16202024 KM/SEC
TILY AZIMUTH 266,849239) DEG TILY ANGHE 2387964237 VEG

SIGMA THLTY AleUTH
 SUN ELEVATION AT PRIN GRND PNy

«0051369 DEG
21476154680 DEG

SIGMA TILT ANGLE
SUN AZIMUTH AT PRINGIPAL GRND PNT

~ J00DI9)B8 DEG
27942605591 VEq

LONGITUDE OF SUBSOLAR POINT 71.7094851 DEG

LATITUDE OF SUBSOLAR POINT 04272320 Lte

_ALPHA =25.2128444 DEG SwlNG ANGLE 26929802284 OPEG. .
EMISSION ANGLE 25,6175916. DEG SIGMA SWING ANGLE «00510698 VEG
PHASE ANGLE 93.3743734 DEG NORIH DEVIATION ANGIE 182.2098217 DEa
anl T 2348796402 pEe XeTILT ~o0080038 DEG
S 1QHMA_PHI . 0019189 DEG S1GMA iwTlLY «0020%27 PEG
GKAPPA 17648673191 DEG YT LT »23,87964)3 DEG
C _SI1GMA _KAPPA_ ... 20019845 pEG SIGHA YeTILT 20019190 DEG
OMEGA ~,0080038 pEG HEADING »930 0291428 DEG

S1GMa OMEGA 20020927 DpEG

SIGMA HEADING 0021686 DEG

SCALE FACTOR 0000000 M/KH

LASER SLANT RANGE 127.9600000 K#H

SPACECBAFT,AkrlTUDE1LASL81"MMMWAW.>WJJJJDQA1533 KM ALTITUDE DIFFERENCE wle202D666 KM .
SELENOGRAPHIC DIRECTION COSINgS X Y 4 HAGNITUDE (KM)
0OF CAMERA AXIS - nr

091867603

-924296292 2311495361 130e21516%-

TRANSFORMATION MATRIX FRQM

TRANSFORMATION MATRIX FROM

SELENOCENTRIC TO CAHERA

LOCAL HORIZONTAL TO CAMERA -

we59545732+00 v79298574*0n «l2g85729¢00 ce91303453¢00 ~=eH49913917=0i L 904p1669%00—
434592619400 +39783766%0n =e84974124%00 154648446=0] =+99850561400 13969343703
 »e73509702400 ~+46140954*0n =51120995%00  40420478+00 222501140 XTI T LI
LATITUDE LONGITYDE
-18,807 1404845
-=lBed442 1304505 — ) B
-210598 ‘30"‘16 oy .
- “-230692 141165 Figure 5(a) irst Frame




4POLLO 15

______ B o AlS R=¢3 MAP 12/71 FIN PagE = B69 _ _
o ) R YEAR MONTH DAY HQUR MJNUTE SECOND o
' cET 5 2 32 30527 -
STATE VECTOR X Y Z _ X Do7v Y vol Z 007
L 49500 - 1324440Q02397 658,5891800 10885119324 105123349 10794409 =9 0417806y
SELENOGRAPHIC 15790291336 e51 646924133 78] 49854279 -o4430%26 ~1+5682398 ~e | 83205}
CSIGMA(SELENO) 155 La94 21 2002 «001 e 2001
_LONGIYUDE OF NADIR POINT -18:,11640%5 pEG LATITUDE QF NADIR POINT 2%9.4018349 REG
SIGMA NADIR LONGITUDE .0012127 ptea S1GMA NADIR LATITUDE 0001206 PEgG
LONG OF CAMERA AXIS INTERSECT  =19.586755%8 DEG LATI OF CAMERA AX1S INTERSEC]T 2406339660 VLG .
SPACECRAFT RADIUS 18364730682 KM SPACECRAFT ALTITVOE 843830719 KM
_S]GMA SPACECRAFY RADIWS 20000045 KM AZIMUTH OF YyELOCITY VECTOUR 2638311157 Vka_
MEAN ALTITUDE RATE ~,0093106 KM/SEC HORIZONTAL VELOCITY 16377298 Kh/SEC
T1LY AZIMUTH 247,2440281 DEG_ TILY ANGLE 23,9571347 QLG
SIGMA TILT AZIMUTH +0050929 DEG SIeMA TILT ANGLE «0019308 Uta
SUN ELEVATION AT _PRIN. GRND PNy . =,6773839. DEG_ SUN AZIMVUIH AT PRINCIPAL GRND PNI___ 89.4402239% LEg
LONGITUDE OF SUBSOLAR POINT 7102622757 OEG LATJTUDE OF SUBSOLAR POINT 2264423 LEa
ALPHA _ S 2323175933 DEy SuING ANGLE o R1120883763 VLo
EMISSION ANGLE 25,4064846 DEG SIGMA SWwING ANGLE «006512}7 DEG
PHASE ANGLE 67.371037% DpEe _ NORTH DEYIATION ANGLE e R02.)BS4694 YEG
$PHI 23,953508}) DEG KoT LT 14297392 Lte
BSI1GMA_PHL e i 019223 DEG . SIGHMA Xal L] et AP 20BT S CEG oo
KAPPA 156.,2768116 DEG YeTlLT »23+9827934 OLe
-2 1GMA_KAPPA. - 0019885 DEG _ SIGMA YwTILT . l0l9206 UG
OMEGA 4297392 DEG HEADING ~313e7141045 DEg
-msiﬁﬂA-ﬂuihA——*—~*-”~m—w_—_-—~—~*—w_+0020816—9£A~ SIGHA—MEADING— o o 002482 DG
SCALE FACTOR «0000000 M/KH LASER SLANT RANGE . 111.2889999 Kh :
_SPACECRAFY ALYITUDE(LASER) 1017927856 KM ALTITURE DIFFERENCE . 3:4097137 Kn
SELENOGRAPHIC DJRECT]ON COSINES A Y bd _ ~ MAGNlTUoﬁ.&ﬁhlw
OF CAMERA AXIS ©eB83874265 -0 11956774 ~953123847 1080266342 -
TRANSFORMaTIQON MAYRIX FRQM TRANSFORMATION MATRIX FROM
SELENOCENTR(C'TQ?CAMERA .OCAL HORIZONTAL TO CAMERA -
°92475701¢00 =e24160409%0n ~e29402713%00 ~e83542751+900 =~e37042654¢(QQ «40598381%00 —
_238212467-0] 082766750¢0n “eBB?9)e27%QQ " o4g230704*00 ~e?)15474pz2*Qp ~e75pp2934=g2
_ ¢37863480¢00 ©50655102%0n 277462366400 e 37444618+00. *15706420+*00 e 712384983%00
LAYlTUDE LONGITYDE
27400 ~]86263
S ot 26e543 274607 - i
_ 18039 00 =22e748 Figure 5(b) - Last Frame
230671

“lbel483
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Mission: __Apollo 15 , Target: Strip photopradhy — _

Rev: 27 ., Camera: __.3-=Inch Mapping Frames: _m§ﬂl__;-_Through: 1013

Coverage Interval:

From: 24.68 Deg. S Lat., 153.86 Deg E lLong., To: 25,05 Deg., N Lat., 23.3 Deg W long.

From: 129 Hr 27 Min _59.70 Sec, To: 130 Hr 26 _ Min _39,44 . Sec CET

Date Processed: 12[15[71 , APE Version Used: ____ 7.

INPUT DATA

e Trajectory Tape:

HOPE Version Used: B-6.1

Constants Used:

Lunar Potential Model: _1-1

Ephemeris: _JPI, DE 19 (Donble Precision)

Libration Model: RTCC (Koziell)

Tuner Radive: 1738.090 ¥

Ephemeris4Uni§éfsal Time Difference: 0,69583333 Min

w

M

2]
-

nuse Time: Yr 1971  Month __7 Day 26 Hr 0 Min 0

Computation Interval: _Computation at each film exposure time

14

Integration Interval: Varisble (1x10 " — 64 Min)
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Initial State Vector Used: -

Coordinate Systemf Selenographic (Instantaneous Inertial)

Time From Base: _143 H, 52 M, 43.2 Sec

Type: __One Revolution Splution

Description: This vector was determined from a solution based on a fit of
data from Rev 27 . For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

109,9227

= 5442492,29 X =
= 349488.17 ¥ = -5343.3417 ’
7 = 2596805.03 7= 400.1378

Telemetered Data Tape

Data Source: MSFN and station tapes

Bit Rate: High

Date Edited: 1 Dec. 1971

A09556 File No.: 2 Location: _ Bldg. 12, MSC

SRRE

SN
i@ %
% 1

Edited Data Tape No. _

Remarks: There were 1o significant gaps in the telemetered yehicle attitude
data employed for this sequence. N .

3-32




APE Card Inputs:

Tipe Of Launch: Yr 1971 Month 7 _ Day 26 Hr _13 Min 34 Sec 0
Range Zero-Clock Zero Time Difference ___ 0,79 Sec
REFSMMAT Used: .582563 . 4761836 .6586878

-.2518852 -, 6647384 .7033325

.7727705 -.5756492 ~.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

" Uncertainties Assumed:

+ 1 degree in camera positioning angle

+0.2 mrad in each gimbal angle

+21,2132034 ms film exposure RSS time uncertainty including:
420°ms in’ onboard clock bias definition

+ 5 ms in onboard clock drift rate definition
+ 5 ms in universal to sidereal time conversion
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oUTPUT

General Descripuelioa:

The output is a listing of two-page tabulations of computed spacecraft.state
camera orientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:
Generally the format will be that shown in Figurez 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted
for the tabulation.
With the exceptioa of its initial line, the first page of each tabulatioa is
self explanatory. The initial line contains six entries that are from left
to right: ‘
1. Mission title
2. Magazine idemtification
3. State vector identification
4. Date of dats origin

Status of data PRE = preliminary, FIN = final

U

6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except

the pbotograph‘frame>gprner locations. These appear above or below the

corresponding frame cornmer number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a sequence of near vertical
photography starting at 154 deg. E Long. and ending at 23.3 deg. W long., on
a line beginning at 25 deg. S Lat. and ending at 25 deg. N Lat. Throughout
the sequence tilt is maintained at less than 0.8 deg. so that the principal

point and vehicle paﬁi:(remain essentially coincidentali
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APOLLU 15 ATS R=27 HAP 12771 FIN PAGE =~
YEAR  HONTH DAY HOUR HIRUTE SECOND
GMT 7} 7 3 23 C2 494
) _ GET - 5 2 27 59703
STATE VECTOR X Y. % DOY ‘ Y 0oOT Z vov
TY50%0 STHI9VS 172272 =5 827580189V ST096+4925995 -e 9754159 Je0V5866H9 YA XAL
SELENOGRAPHIC =1512¢1930237 T4} eb6766052 -773,6882324 W6 HD4T S 124879316 02044787
STGHATSELEND] W76 T84 e 27 1001 «001 +001
LONGITYUDE UF NADIR PUINTY 15348737030 OEG LATITUDE OF NADJR POTNY »24,8720324 DE6
SIGMA NADIR LONGITUDE - +0011805 DEG SJGMA NADIR LATITUDE 0001597 DEG
CONG OF CARERA -AXTS INTERSEL] 1538507497 UEG CATT OF CAWERA AXTS TNTERSECT "249,68018J6 Dté
SPACECRAFT RADIUS ; 1853048463494 KM SPACECRAFT ALTJTUDE 11563946075 KM
STGHA SPACECRAFT .RADIUS «0000083 KH AZIWUTH OF VELOCITY VECTOR 278.1200790 DEG
MEAN -ALTITUDE RATE +0090655 KM/SEC HORJZONTAL VELOCITY ) 106225376 KM/SEC
TILY AZIMUTH 234¢8896370 OEG TILT ANGLE ' 021235211 DESG
SIGMA TILT AZIMUTH ¢5335184 DEG SIGHA TILT ANGLE +0020187 DEG
SUN ELEVATION AT PRIN GRND PNT 34312019 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 271+82}164133 DEG
LONGITUDE OF SUBSOLAR POINT 6797389660 DEG LATJTUDE OF SUBSOLAR POINT v2201185 DEG
ALPHA r91819900 DEG SWING ANGLE 22643018150 DEG
EMISSION ANGLE 02279267 DEG SIGMA SwING ANGLE 5335176 0EG
wPHASE ANGLE B697507782 DEG NORTH DEVIATION ANGLE 17149069557 DEG
anx 1543303 DEG X=TILTY ve 1474707 DEG
YSTeHA PHI «0019999 DEG SIGMA X~TILT 20020002 DEG .
KAPPA - =171+4127007 DEG YoTIlbT e 1543298 DEG
SIGMA KAPPA +0020000 DEG SIGMA YrTILY +0019998 DEG
OMEGA . we 474707 DEG HEADING ~8)1¢41230}) DEG
SIGHA OMEGA «0020002 DEG STGMA HEADING +0020000 DEG
SCALE FACTOR 20000000 M/KM LASER SLANT RANGE +0000000 KM
SPACECRAFT ALTITUDE(LASER) « 0000000 KM ALT]TUDE DJFFERENGE =115¢3946075 KM
SELENCGRAPHIC DIRECTION CTOSTNES X Y Z MAGN]TUDE (KM}
- OF CAMERA AXIS 081800431 -¢397B0734 41547353 1150395477
TRANSFORHATJON MATRIX FROM TRANSFORMATION MATRX FROM -
- SELENOCENTRIC TO CAMERA LOCAL HORJZONTAL TO CAMERA
"ebpp74621 %00 067134200 "* *43377827%00 -~e98878488%4p 14932256%40 2693559, %02
Z407HTET*00 v ELYSIVES+00 =+ 70GLeBY]IBY00 =S 14Y3T573+00 -'98878617*00 .25738451-02
—  =e76217266%00 =o31784994+00 =56397191+00 23047690902 22142775302 e999993)0¢00

LATITUDE —LGNGTTUDE

=26+877] {50554
- ——=210660 I51e616
’ =22VH17 I57+130
-27+631 1560372

-Figure 6¢ {a) - First Frame




APOLLO 15 Al5 R=27 MAP 12/71 FIN PAGE = 1013
YEAR ~ HONTH DAY HOUR MINUTE SECOND o
GMT 7, b L 0 o a%e440. e I
GET 5 10 26 38,646
STATE VECTOR X Y Z X poY Y pol Z poTt
19500 13405363464 642+754158 10772768402 120364625 ~1.0837968 ~e659 122}

SELENDOGRaPHIC 15272378540 ~65B8e¢1497955 777.8684998 © =25769104 ~1e5227722 wel1779079
S1GHATSELEND) \ v 71 T+89 P O0T - OO0 T
ToNGTTUpEOF NADTRPOINT =23 v3t32ut9 DEG AT TUDE - OF NAUTRPUTN T~ 2506 TES8T UEG T T
SIGMA NADIR LONGITUDE - »0012109 DEG SIGMA NADIR LATITUDE «0001}35) DEG
TONG OF CAMERA AKIS INTERSECT T=23.2981951 OEG LAYT OF CAMERA AXIS INTERSECT 25.0621138 vieo
SPACECRAFT RADIUS 183509455109 XM SPACECRAFT ALTITUDE 97.8554B40 KA
STGHA SPACECRAFT RADIUS ' +0000073 KH AZIWUTH OF VELOCITY VECTOR 263+2683525 DEG
MEAN ALTITUDE RATE =-e(093989 KM/SEC HORIZONTAL VELQCITY 106380251 Kd/SEC |
TILT AZIMUTH ' ' 1388323765 DEG TILY ANGLE «3667750 VEG
S1GMA TILT AZIMUTH 3111895 DEG S1GMA TILT ANGLE 3020103 DEG

SUN ELEVATION AT PRIN GRND PNT «23962450 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 89¢5727968 ULEG
LONGITUDE OF SUBSOLAR POINT 672416439 DEG _ LATITUDE OF SUHSOLAR POINT I 12192110 DEG_
ALPHA ~92527835 DEG SWING ANGLE 14547885685 0DLG
EMISSION ANGLE «3B874449 DEG SlGMkwﬁﬂlﬁE”AﬁﬁLiﬁwm%mﬂﬁmwwmnMmﬂwMWW_”13111~91 DEG.
PHASE ANGLE 906490335 0DEG NORTH UEVIATION ANGLE 18679507484 OEG
el : -a206204) DEG A=TILT -~ 3032882 REG
WSIGMA PHI +002000C DEG SIGMA x=-TILT L,0020001 DEG
KAPPA 173.0440922 DEG Y=TILT o .. s2062012 vES_
SIGMA KAPPA . «0020000 DEG SIGMA Y~ TILT »00}19999 0EG
OMEGA ~03032882 DEG HEADING e  =9649570065 CEGC
STGMA OMEGA .0020001 DEG SIGHA HEADING .0020000 wEG
ScALE FACTOR ' 20000000 M/KM LASER SLANT RANGE 100+39799688 KM
SPACECRAFT ALTITUDE(LASER) 1003959465 KM ALTITUDE DIFFERENCE 2e¢5404625 KM,

_ SELENDGRAPHIC DIRECTION COSTRES X Y HAGNTTUDE (KM

OF CAMERA AXIS we 8282941 4 e36153420 -0‘0280%{20 97-857&39
. TRANSFUORFMATTUN MATKRTRA FRUH ’«W-WW—A—TTUW ] —FROR

SELENOCENTRIC TO CAMERA

LOCAL HORIZONTAL TO CAMERA

v 6352655500 "+65826230%00° ~+40389161%0

0 . =e99263091+00 we}2112370¢00 =~e359888

22-02

«24872337*00 v 66949604%00 =e69993687%0
+73114595*0Q ©34418852+00 ¢58903305%0

0 me42134927-02 +48185200"02

v G2933525~02

« 99997956400

TXYTYUGE  LONGITUBE

27567 =259450
27.034 ~26¢1 66
27579 ~-21+109

Figure 6(b) - Last Frame
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Mission: _Apcilo 15 , Target: _Strip photogravhy _ —

Rev: 33, Camera: _ 3-TInch Mappang  Frames: 1014 Through: 1161
Coverage Interval:

From: wg;,o Deg. S Lat.; 150, 8 Deg. E Long., To: 24,9 Deg. W . Lat., 31.3 Deg.H Long.

From: 141  Hr 17 Min 39.28  Sec, To: 142 Hr 17 Min 47,805  Seec GET

Date Processed: 12/15/71 | APE Version Used: Z.;

INPUT DATA

e Trajectory Tape:

HOPE Version Used: B-6:1
Constants Usad:

Lunar Potential Model: _1-1

Ephemeris: _JPL_DE 19 (Double Precision)

Libration Model: _RICC (Koziell)

“Lupuzr Radius: 1738.09% K

Ephemeris-Universal Time Difference: 0,69583333 Min.

dace Time: Yr 1071 Month _7 _Day 26 Hr _0 Min 0 Sec 0

Computation Interval: Computation at each film expasure time ___ o

Integration Interval: Vaxjah1e>(ixlﬂz}a — 64 Min) -
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

Time From Bace: 155 H, 41 M, 29.62 Ses.

Type: __ One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 33. For the solution the energy of the orbit was comstrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

= 5474202,62 X = _9,5580
= 345994,58 ¥ = _-5318.0142 ’
Z = 2547196.41 5= _608.6019
e Telemetered Data Tape
. Data Source: MSFN and station rapeg
Bithate: High
Date Edi;ed: 10 Dec. 1971
Edited Data Tape No. _ A09556  File No.: 3 Location: Bldg. 12, MSC

Remarks: There were three significant gaps in the telemetered vehicle attitude
data in the time interval of this sequence.

1) 141 H, 25 M, 11 Sec - 141 H, 33 M, 13 Sec GET - Fms 1032 through 1051

2) 141 H, 35 M, 45 Sec - 141 H, 37 M, 33 Sec GET - Fus 1058 through 1061
3) 141 H, 44 M, 41 Sec - 141 H, 49 M, 3 Sec GET - Fms 1079 through 1088
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APE Card Inputs:
Time Of Launch: Yr 1971 Month 7 Day 26 Hr _13 _Min

Range Zero-Clock Zero Time Difference

REFSMMAT Used:

Camera Positioning Angles Used:

.582563
-.2518852
.7727705

U Sec 0

0,79 Sec
.4761836 .6586878
-.6647384 .7033325
-.5756492 -.2673084

The angle from the spacecraft body X-Z plane

to the camera optical axis (camera positioning angle) was 37.75 degrees.

~ Uncertainties Assumed:

+ 1 degree in camera positioning angle

$21.2132034 ms*

2

0 ms ir
5 ms in
5 ms in

H 4+

lock
onboard clock

film exposure

nnke—-vA ~
Olicala <

RSS time hﬁéertainty including:

ias definition

drift rate definition

universal to sidereal time conversion
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OUTPUT

General Description:

The output is a listiﬁg of two-page tabulations of computed spacecraft state
camera orientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:

Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming directicn is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulation.

With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

2. Magazine identification

3. State vector identification

4

Date of data origin

%

Status of data PRE = preliminary, FIN = final

w

6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame cornmer locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary:These photo evaluationdata are for a sequence of near vertical
photography starting at 151 deg. E Long., and ending at 31 deg. W Long.,
proceeding from 25 deg. S Lat. along a line to 25 deg. N Lat. Throughout the
coverage tilt is maintained near zero (Less than 1.0 deg.) so that the
principal intersection point and vehicle nadir are essentially coincident.

Only vehicle state vector data are provided for the three periodsmbf7§hcﬁogr£phic
coverage for which vehicle attitude data 1is not available. These three perilods

are:
1) 128 deg. E Long. - 101.8 deg. E Long. (Fms 1032 - 1051)

2) 96 deg E Long. - 90.2 deg. E Long. {Fms 1058 - 1061)
3) 72 deg. E Long. - 59.4 deg. E Long. (Fms 1079 - 1088)
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APOLLUTTS ATS R*33 WaAP 127717 FIN PAGE = 1014
YEAR — HONTH DAY HOUR WINUTE SECOND
eoMT 71 8 i 10 51 40077
GET 5 21 7 IV 280
STATE VECYOR X Y o 4 X DOT Y o007 Z o071
Ivs0e0 S 381135147 “8650:6558023 1088033729498 =]+ 0447937 10639832 469074
SELENOGRAPHIC =1464,7628937 B1B.4465719 »783,3698807 7052143 104523521 e 1743450
STGHATSELERT] <87 "T+80 024 vQ0}§ 001 2001
CONGTTUDE OF NADIR POINT TFoU.80BHYS S DEG LATITUDE UF NADIR PUINT wZpeU265663 UEe
SIGMA NADIR LONGITVDE «0011893 DEG STGHA NADIR LATITUDE - «0001410 BEe
TU A TAKTS T 150,81040Y8 DEG LATT OF CAWNERA AXTS INTERSECT »25eU0036373 VLG
SPACECRAFT RADJUS 185147696975 KM SPACECRAFT ALTITUDE 1136798706 KM
STGHA SPACECRAFT RADIUS . 0000095 kH AZIMUTH OF vELOCITY VECTOR 27645717369 Dte
MEAN ALTJTUDE RATE «0300893 xH/SEC HORJZONTAL vELOCITY 1062396913 KH/SEC
TICY AZINMUTH 11.8367802 DEG TILT ANGLE e3577958 Dee
SIGMA YTILT AZIMUTH 0320}683 DEG SIGMA TILT ANGLE , «002003) DEe
SUN ELEVATION AT PRIN GRND PNY 07379227 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 270.5746803 DEG
LONGLTUDE OF SUBSOLAR POINT 6),7222800 DEG LATITUDE OF SUBSULAR POINT +2088779 Oke
ALPHA ~ ,072438} DEG SWING ANGLE 4¢8548677 Vi
EMISSION ANGLE 3812280 DEG SIGMA SWING ANGLE 3201690 DEG
PHASE ANGLE . 89.1896238 DEG NORTH DEVIATION ANGLE 17343198318 DEG
tan : ~,0302787 DEG X=TILT 03564916 PEG
S STGMA PHI ' .0020000 DEG SIGHMA X=TILT «0020000 PEG
KAPPA ~173,3179989 DEG YellbT 2U30278) PEG
SIGMA KAPPA ,0020000 DEG SIGMA Y=T]LT «0G20000 DEG
UMEGA ‘ 3564916 DEG HEADING ~83e3}178082 LEG
STGHA UHEGA ,0020000 DEG SIGMA HEADING +Q020000 DEG
.SCALE FACTOKR .0000000 M/Kh LASER SLANT RANGE 1125519981 KM

BPACECRAFT ALTITUDEI(LASER)

11245498085 KM

ALTITUDE DIFFERENCE

»wi¢1300a21i

_SELENOGRAPHTC UTRETTIUN CUSTNES
OF CAMERA AXIS

A

76814294

Y P4
~v4ﬂl79927

«428572395

KN

HWAGNTTUUE "{KKR) _

113+68225]

TRANSFURRATIUN MATRTX FROH
SELENOCENTRIC TO CAMERA

TRANSFURNATTUN RATRIX FROW ™~

LOCAL HORJZONTAL TO CAMERA

~e63728010*00 v 65964185+00

e39p43032¢00

~e99320673+00

e11636207%00

«e52845221"U3

25151921 *00 v66674384+00
~¢72643133%00 -+34687928+090

,JLATI‘UUL VONGITUDE
27495 TH7 550
=220170 1480363

— ~=227579 TIB3e897
=27+911 1530361

~e70156299+%00
-+59081524* 00

~e11635655+Q0
~el2488464=02

-+99318796+00
0618169802

web2219125"02 .
W 79998055*00

Figure 7(a) - First Frame




T T KPOLTUTS ATS R=3T MWAP 127731 FIN 7T TFRGL = TT6] - I
TEAK AONTH TURY HWOUR MTNUTE SECUND SR
oMY 71 e I 11 51 4B H99
W—Gf'-l ”“"’””‘g“‘”‘"‘"'“za—“ "'"17—' Y7805 T T T -
STATE VECTUR X Y ya X ooT Y vol Z Dot
750+U 136807 T3TYs TS 9I6798 T ~TOS9 91562500 T T.UUT7USY STTUYORWZT U TR, 6887273
SELENUDGRAPHIC 142444996338 -864.8885269 77147369003 XA RARS ~1 4300485 -e2015195
STAMA(SELENO) 95 “Te77 ed7 001 QU L 001 )
LUNGITUDE UF NAUIR POINT “3T.Z69I373 DEG T LATTYUDE OF NADIR POTHTY 24.84982716 Dte
SIGHA NADIK LOUNGITUDE .001205% pEw SI1GMA NADIR LATITubDE sU001560 beo
TONG GF CAWERA AXIS INTERSECT ~31,265]5%8 DEG TLATT GF CAMERA AXIS INTERSECT T24,Be82048 Ut
SPACECRAFT RADIUS 1836.5209351 KM SPACECRAFT ALTITUDE 985¢4309082 K#
STGRA SPACEURAFT RADTUS L UUoU0oYY KA TRZTIWUTH UF VECOTUTTY VECTUR - 2672.36680T 7 UEG T
MEAN ALTITUDE RATE -, 0098577 KM/SEC HORJZONTAL VELUCETY 10637411y KB/SEC
TILT AZIMUTH 357.,3200989 DEG TTTILT ANGLE B 3524234 br6
SIGMA TILT AZIMUTH a3254252 DEO STOMA. TILT aNGLE .Uozqg}gwufe
SUN ELEVATION AT PRIN GRND PNT ~2.1602507 wEw “SUN AZIMUTH AT PRINCIPAL GRND PNT T BB .l688427 DEG
LONGITUDE OF SUBSOLAR POINT 61.2124510 pEG LATITUDE OF SUBSULAR POLNT $2078%987 LtG
ALPHA .0095071 DEG SwING ANGLE 4+8698668 DG
EMISSION ANGLE ,3723346 DEG SIGMA SWING ANGLE e 3254245 Dt
T PHASE ANGLE ¥7.,1507893 DEG NORTH DEVIATTON AnGLE T UTTTBT 56502646 LUEG
sPHI +0299142 OLEG A=TILT 3510924 VEG
~STGHA PHI . 0020000 DEG STeuMA Xx=TiLT - i T,0020G01 Fta
KAPP A 172+4501457 DEG Y-TILT «0299136 Deo
STGHATRAPPA .0020000 DEs STGHA Y=TTCT - OGS O
OMEGA 23510934 DEG HEADING ~97.5496778 VrG
STGHA UHEGA <0020001 pEG STGHA HEAUING - — L UUZ00B0 ves
SCALE FACTOR 0000000 M/nH LASER SLANT HANGE 10D0679982 Kn

“SPATECRAFT ALTTIUGE(LASERT 7" 1006680784 KN ALTTTUDE DTFFERENCE T 202351904 kM
SELENOGRAPHIC DIRECTION COSINES X777 Y R I TTTTTTRAGNTTUDE  (RM)y
0F CAMERA AR]S _-.77799232 «47202360 ~e41463437 ’ 984432892

TRANSFURHATION WATRTA FROHM - VTRANSFURMATION MATRIXx FROM —
—_ SELENOCENTRIC TO CAMERA :

LOCAL HORJZONTAL TO CAMERA

62037449400 wege532087%00 =e41531150+%00

~099133120+00 ~01313857U+00 =e52209073<02
«2J78RJISVV(D 2 646607232%00 ~¢/D717665%00 T 13T IBEATH00  =+99131229%00 web[276967-02
“‘ ©74673224*00 +3391169%+%0g eb7217%38%00 02875385403 =e6]1431582"02 « 999981 13%00
TATTYUUE —CUNGITUDE
22257 =33360
260742 -34+098 T -
27344 =2%.082 Figure 7(b) - Last Frame
22v847 -28¢490




Aft Oblique Strip Photography

N e~ ————

Mission: __ Apollo 15 , Targat:

Rev: 34 -, Camera: _3-Inch Mapping  TFrames: _ 1305 Through: 1429

~ Coverage Interval:

From: 25.4 Deg. S  Lat., 153.8 Deg. ® Long., To: 25.9 Deg. N.  Lat., 8,85 Deg.W long.

From: 143 Hr 15 Min 24 Sec, Te: 144 Hr 9 Min _49.4  See GET

Date Processed: 1/6/72 , APE Version Used: 7.

INPUT DATA

® Trajectoty Tape:

HOPE Version Used: B—6.1 : ' —
Constants Used:

Lunar Potential Model: _T-1

Ephemeris: _JPI, DE 19 (Douhle Precision)

Libration Model: RTCC (Koziell)

s: 1738.09 Ka

o " N
LOAALIUS. ST WU

t

T o
e ldia

Ephemaris-Universal Time Difference: 0,69583333 Min.

- Base Time: Yr 1971 Month __ 7 Day _26 Hr 0 Min __(Q__ Sec o

Computation Interval: Ceomputation at each film exnosure rime
4

Integration Interval: Variable (1x1‘0”1 — 64 Min)
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~data employed for'th

Initial State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

157 H, 39 M, 36.52 Sec.

Time From Base:

Type: __ One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 34. For the solution the energy of the orbit was constrained

to be an analytically determined value.

Units: Feet, Second, Degree

Components:

= 5479461,92 X = _=3,2394

Y = 349266.05 Y = _-5313.2196

Z = 2535865.22 Z= __644,7040
Telemetered Data Tape
Daté Source: MSFN and sgation tapes
Bit.Rate: High
Date Edited: 1 Dec. 1971
Editéd Data TaperNo. A09554  File No.: 1 Location: Bldg. 12, MSC

Remarks: . There were n '1§gpificantAgaps in the telemetered vehicle atiitude
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e APE Card Inputs:

Time Of Launch: Yr197] Month 7 Day 26 Hr _13 Min _134  Sec 0
Range Zero-Clock Zero Time Difference ' 0.79 Sec
REFSMMAT Used: .582563 .4761836 .6586878
-.2518852 ~-.6647384 7033325
.7727705 -.5756492 -.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
- to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
+ 1 degree in camera positioning angle
#0.2 mrad in each gimbal angle

+21,2132034 ms film exposure RSS time uncertaint§ including:

+20 ms in onboard clock bias definition
+ 5 ms in onboard clock drift rate definition
4+ 5 ms in universal to sidereal time conversion




Geneval bDesoringio

-,-«

OUTPUT Summary:These photo evaluation data are for a strip of aft oblique photography

The output is a listing of two-page tatulations of computed spacecraft state
camera orientation and photousraph position and lignting data. Each

tabulation presecnts the results of compulations fev a gpecified time within the

range coverad by the magazine.

Tamal:

Gencrally the [ovmat will be that shown in Flgures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message

to that effect along with the computed value of the tilt angle are subslituted
for the Ltabulation.

With the exception of its initial line, the first page of each tabulation is
self explanatery. The initial line coutains six eutries that are from left
to right:

. Mission title

1
2. Magazine identification
3

. State vectoy idemtification

Date of data origin

3. Stacus of data PkE = pre mlnary FIN = final

6. Frame number within the sequence

All entries of th= second page of each tabulation are self explanatory except
the photograph frawe corncr locations. These appear above or below the

2

CCrerﬂOgdlng frame corner number on the left-hand side of the page.

starting at 154 deg. E Long., 25.4 deg. S Lat., and ending at 8.8 deg. W Long.,

25.9 deg. N Lat. Throughout all except the first four frames (1309 through 1312)

of photography an aft tilt of 25 0.6 deg. 1s maintained with the camera optical
axis held: essentially ‘in the plane of fl ght. This camera attitude results in a
principal intersection point which trails the vehicle nadir point by ‘approximately

2 deg. Tilt was somewhat erratic over the first four frames of the sequence varying

between 20 and 25 deg.
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APOLLO |5  AlS5 R=34 MAP 12/71 FIN PAGE = 1309

YEAR MONTH DAY HOUR MINUTE SECOND

GHT 7, 8 1 12 49 244786 S
, : GEY 5 23 15 230994
STATE VECTOR. X ) : Y ' z x 0oT Y DoT Z poT7
195040 «1306,0519104 =6 94,7761917 ~1112¢5924483 ~1:0885464 120394323 £ 6114318
SELENOGRAPHIC «1478,7138824 784.6271210 ~790.0082932 6846650 . le4656118 « 1497252
SIGMA(SELENO]) : xB9 l:82 221 2001 _ 2001 2001
LONGITUDE OF NADIR POINT _~ 152.0489292 Qﬂk*fﬂ__ﬁkAlLluQE_QE_HAHLR_EﬂﬁﬂI_____ﬁ_ﬁ, e ®25.2641234 DEG
SIGMA NADIR LONGITUDE .0011948 DEG SIGHA NADIR LATITUDE .0001240 LEG
LONG OF CAMERA AXJS INTERSECT 15348463478 DEG L. - _OF CAMERA AXIS INTERSECT _ -285,3725352 DEg
SPACECRAFT RADIUS o “1851.0395813 KM SPACECRAFT ALTITUDE™ 112.9495850 KN
SI1GMA SPACECRAFT RADIUS 20000094 xM ___AZIMUTH OF vELOCITY VECTOR = 276.0233994 DEG
MEAN A;TITUOE RATE ’ 20103999 KM/SEC . HORJZONTYAL VELOCITY . 16624499} KH/SEC
TILYT ALIMUTH ,' . 94.20)4132 DEG ___ TILY ANGWE . . 23.4888084 DEG
SIGMA TILT AZIMUTH « 0050185 DEG SIGMA TILT ANGLE «0019998 DEG
SUN_ELEYATION AT PRIN GRND PNT =2490955816 DEG . SUN AZIMUTH AT PRINCIPAL GRND PNI _ Z268.8482285 OEG
LONGITUDE OF SUBSOLAR POINT 60e7241507 DEG LATITUDE OF SUBSOLAR POINT 0« 2069567 DEG
ALPHA ; 2520352194 DEG _  SWING ANGLE . 89.0B6604) PEG
EMISSION ANGLE 25.1171811 DEG SIGMA SwiING ANGLE «00sDl84 DEg
PHASE ANGLE : 67,87626817 DEG. _ NORTH OEVIATION ANGLE S 17549778214 ODEG
@ PHI «23.,4861472 OEG X-TILY 23640407 DEg
S91GMA PHJ N o 20020000 DEG _ SIGMA X=TI1LI . 8020000 DFEG
KAPPA -174.9608650 DEG Y=TILT 23.4856458 DEG
S1GMA _KApPA : 20020000 PEG __ SIGMA YeTALYI o4 Q020000 OEG .
OHMEGA ’ 23640407 pDEG HEADING -B4.,80246791 DEG
SladA QMEGA .»0Q20000_DEw. .. .. SIGMA HMEADING . .. 20021806 DEG
SCALE FACTOR .0000000 M/KH LASER SLANT RANGE .0000000 KH
:EALEL‘A£J~A.111HD£4LA§LRJ_-____”__H»-LﬂﬂﬂﬂDDQ KMo WALIJIUQL”L1£££RLNL£.~ .m_,._*w~:¢414%93§%§n_1JL___,
SELENQURAPHIC OIRECTION COSINES ] ) ) I 2 v MAGNITUDE (KH)
OF CcAMERA AXI]S .5573>513 --74573186 ¢36501951 1239197239
. TRBANSFORMATION MAIRIX FeOM_ . . ... __ 1IRANSFORMaATION MAIRIX FROM . .
SELENOCENTRIC TO CAMER, 1.0CAL HORIZONTAL TO CAMERA o
T e 32595009+92 e /4739359+00 57892917400 ~+91338918+00 +83081902~01 =+39851930%00 _
+25718688%00 _ +659556956+00_ =+73555462+00 A ~eB87834449-0) . _=099611477200  ~063536660"02
~e93716355%00 =e79925191=0] =+40869754+00 »e39749884+00 «29200347~0) «P1713799+00

. . L LATITUDE _ LOwGITUDE. -

.723+309 161398 : - - e
220817 i51¢239 -
- =27.476  150.805 . ?;ggrg»S(a) First Frame

~3iel92 167+799




) APOLLY |5  AlS R=J34 MAP 12/74 FIN_ PAoE = (429 _ _ -
B o . YEAR  MANTH DAY HOUR MINUTE SECOND 3 3
GHMT 7 8 1 13 43 50s152
e L 6er. . . 6 0 ? 494358 R
STATE VUCTUR % Y 2z . x boT Y LoT Z poT
19500 9377172699 99145716078 12576114663 lLesb8964] ~e 8438015 =s3326719
SELENOWRAPHIC 162747668152 ~304,34482%6 80342747574 ~e 3314342 ~1e5994448 ,0389588
SIUMALSELRENDOL et M) )le98 __ 05 w002, . 000 e Q0
LONGITUDE OF NADIR P2QInWT . ~=10e3903625 0EG LATITUDE OF NADIR POINT 25.8769498. 0FEG
SITuMA WADIR LONGITUDE .0012212 DEw 51GMA NADIR LATITUDE «U00D345 LEg
LING OF cAMERA AXIS INTERSECT ~a,848462] pEG

SPACECRAFT RADILUS

LATY OF CAMERA AXIS INTERSECT

e 08583820 PEG

189n.5164642 KM SPACECRAFT ALTITUDE 10244265679 KM
SHTUMA 9P ACECRAFT RAOIUS . ,2000038 KM_ AZIMUTH OF yELQGITY VECTVR 211allenBe2 PEG . _
HEAN ALT|TUDE RATE «s0116379 KH/SEC HORIZONTAL VvELUCITY 16338168 Kp/SEC
TILT _AZ0iau®s . 90.2986489 DEG TILT ANGLE 247602282 DEG.. .
SIGHA TiLT AZiMuYH w004777% DEG SIGMA TILT AWGLE «0019990 DE6
SUN_ELEYVATION AT PRIN_GRND PHT 1348992691 0BG SUN AZIMYUTH AT PRINCIPAL GRND PNT 9922570324 DEg
LONGITUDE OF SUBSOLAKR POINT bne2628222 DEG LATITUDE UF SUBSOLAR POINT "e2060632 DEG
ALPHA e e B A2 1 1 6490 6 DEG . SWING. ANGLE. . h9.7192020 Pta. ..
EMISSI10.4 ANGLE 2443287418 DEG SIGMA SWING ANGLE 0047779 DEsg
PHASE Auelk 9742714727 DB NORTH DEVIATLON ANGLE e L78.7703228 PEG
PPHI =24e7610164 DEG X=TILT ' +1176044 DEg
I AGMA_PiL 20019992 DEG. . SIGHMA X=TIULXI .. .. — 20020010 DEG
KAPPA =179+4463634 DEu YeTILT 24,7609618 Dig
2 LGMA KApPrA | — . a00019998  QEG SIGMA. Y=TILT . - 0019993 PEG
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Mission: Apollc 15 : , Target: North Oblique Strip Photography

Rev:

35 , Camera: 3-Inch Mapping Frames: 1429

Coverage Interval:

___ Through:

1560 ,

Frbm:zj 9 Deg. S Lat.,149.2 ﬁeg E__ Long., To: 27.9 Dag. N __Lat.,32.1 Deg,W long.
From: 145 Hr 14 Min 29,45 Sec, To: 144 Hr 14 Min( 7.76  Sec GET

Date Processed: _1/5/72 _, APE Version Used: Y

INPUT DATA

e Trajectory Tape:

-HOPE Version Used: B—6,1

Constants Used:

Lunar Potential Model: _J-1

Ephemeris: _JPL DE 19 (Dauhle Precision)

Libration Model: RTCC (Koziell)

"Tunar Radivs: 1738.09 ¥

Ephemeris-Universal Time Difference: 0,69583333 Min,

Base Time: Yr 1971  Month __ 7 ~Day 26 Hr __Q _ Min

Computation Interval: _Computation at each film exposure

0 Sec

time

14

— R4 Min)

Integrationllntervalz Variahle (1x10°
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Tnertial)

Time From Base: 159 H, 37 M, 41.96 Sec

Type: _ One Revolution Solution

Description: This vector was determined from a solution based.on a fit of ..

data from Rev 35. For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

X = _ 5485733.12 ¥ = _12 38471
Y = _ 356217.25 , ¥ = _-5307,3467 ‘
Z = _2523730,72 Z=__682,2127

¢ Telemetered Data Tape

Data Source: _MSFN and station tapes

Bit Rate: High

Date Edited: 22 Dec. 1971

Edited Data Tape No. 409554 File No.: 2 __ Location: Bldg. 12, Msc

Remarks: There were no significant gaps in the telemetered vehicle attitude
data employed for this sequence.
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APE Card Inputs:

Time Of Launch: Yr197] Month 3 Day 26 Hr 13 Min 14

Sec 0

Range Zero~Clock Zero Time Difference ) 0.79 Sec

REFSMMAT Used: .582563 .4761836 .6586878
-.2518852 -.6647384 .7033325
w:7722705‘mﬂ L =.5756492 . —.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-2 plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle
$0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:

|2

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5> ms in universal to sidereal time conversion

H+ 1+




) OUTPUT

General Descripiion:

The output is a licting of two-page tabulations of computed spacecraft state

camera orientation and photograph position and lighting data. Each

tabulation presents the results of computations for a specified time within the
‘range covered by the magazine. ’
Format:
Cenerally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message

to that effect along with the computed value of the tilt angle are substituted

for thé tabulition.

With the exception of its initial line, the first page of each tabulation is

self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

2. Hagazine identification

3. State vector identification

4

. Date of datz origin

(91

Status of data PKE = preliminary, FIN = final

k
&

6. Frame number within the sequence

All entries of the gecond page of each tabulation are self explanatory except
the photograph frame corper locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a strip of side oblique photography
starting at 149.2 deg. E Long., 22 deg. S Lat., and ending at 32 deg. W Long., 27.9
deg. N Lat. Throughout the sequence the camera is aimed Northward, essentially
normal to the plane of flight, with tilt maintained at 40 #0.5 deg. This camera
attitude yielded photo footprints whose Northward corners were above the lumar
horizon. These corners are indfcated in the data by having a zero longitude and
AxEEAX Jatitude, A computer erratic resulted in the provision of state vector
data only for frames 1463 and 1541.
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Mission: _ Apollc 15 v Target: _GSrrin photozraphy

Rev: 38 , Camera: _ 3~Inch Madping Frames: 1560 Through: 1704

Coverage Interval:
From: _25.0 Deg. S 1Llat., }45,7 Deg, E Long., To:25.2 Deg., N Lat., 33,6 Deg.Wlong.

~From: 151 . Hr ..9 Min _35.86 Sec, To: 152 Hr _8 Min 53,93 Sec GET

Date Processed: 12/14/71 | APE Version Used: 7 |

INPUT DATA
e Trajectory Tape:

HOPE Version Used: B-6,1

Constants Used:

Lunar Potential Model: _-7

Ephemeris: _JPT DFE 19 (Donhle Precision)

Libration Model: RTCC (Koziell)

Lunzy Radiuvs: 1738.09 ¥

Ephemeris-Universal Time Difference: 0,69583333 Min.

Base Time: Yr 1971  Month 7 Day 26 Hr 0 Min _ 0 Sec o0

Computation Interval: _Computation at _each film expasure rine

Integration Interval: _Varizble (]X]Q“14,~ 64 Min) _
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Initial State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

Time From Base: 165 H, 31 M, 53.11 Sec

Type: __One Revplution Solution

Description: This vector was determined from a solution based on a fit of
.data. from Rev. .38 . _For the solution the energy of the orbit was_constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

—56.8619
~5288., 5850

s
]

X = _5507373.81
Y 354401, 39

e
[}

i

183,4631

N
]

z 2486896, 38

Telemetered Data Tape

Data Source: _MSFN and station tapes

Bit Rate: High.

Date Edited: Dec. 8, 1971

Bldg. 12, MSC

Edited Data Tape No. 409554 pj1e No.: 3 Location:

Remarks:  Telemetered vehicle attitude data are not available for the interval
151 H, 21 M, 29 Sec - 151 H, 23 M, 48 Sec (Fms 1589 through 1593).
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day 26 Hr _ 13 Min 34 Sec 0

o Range Zero-Clock Zero Time Difference ___ 0.79 Sec
REFSMMAT Used: .582563 +4761836 .6586878
. —-.2518852 = -,6647384 .7033325
.7727705 -.5756492 -.2673084

.

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
- to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle

0.2 mrad in each gimbal angle

e

+21.2132034 ms film éxposure RSS time uncertainty including:

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time conversion

H I+ 1+




General pescription:

The output is a listing of twoe-page tabulations of computed spacecraft state
camera orientation and photograph position and lighting data. Each
tzbulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:

Generally the forwmat will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substitutcd

for the tabulation.

With the exception of its initial line, the first page of each tabulation is

self ecxplanatory. The initial line contains six entries that are from left

to right:

1. Migsion title

2. Magazine ldentification

3. State vector identification

4. Date of data origin

5. Status of data PRE = preliminary, FIN = final

6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except

the plintograph frame corner locations. These appear zbove or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo reduction data are for a strip of near vertical photography
starting at 146 deg. E Long., 25 deg S Lat., and extending WNW to 33.6 deg. W Long.,
25.2 deg. N Lat. Omitted from the sequence is a 5 frame gap (Pms 1589 through 1593)
covering the region, 108.8 deg. E. Long. to 101.5 deg. E Long., for which state
vector data only are provided. Throughout the sequence tilt is maintained near zero

(less than 1 deg.) so that the principal intersection point remains essentially
coincident with the vehicle nadir.
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APOLLO 15§ AlS R=38 HAP 12/71 FIN PAGE = (560 “
YEAR MONTH DAY HOUR HINUTE SECONP
o GliT__ 71 8 1 _._20 43 354861 e
GET 6 7 9 354068
STAYE VECYOR X Y z X DoT Y pov Z 0orv
195040 ~1343.009674] 6577243500 -1089.0274184 " 1+0544398 1¢0553786 6450424
_SELENOGRAPHIC =138546388855 943.0149078 ~782+9337311 18302262 1e38625]5 11754381
SIGMA(SELENO! 103 le?72 \ 025 _+ 00} + 00} v 001
LONGITUDE OF NADIR POINT 146¢7622395 DEG LATITUDE OF NADIR POINT -25.0361975 DEG
S1GMA NADIR LONGITUDE «0011914 DEG S{GMA NADJR LATITUDE - +0001%65. DEG
LONG OF CAMERA AX]S INTERSECT 14547288399 DEG LATI OF CAMERA AX|S INTERSECT ~25+0167626 DEG
_SPACECRAFT _RADIUS 184909344330 KM SPACECRAFT ALTITUDE 111,8444061 KM
S1GHA. SPACECRAFT RADIUS +0000113 KM AZIMUTH OF VELOCITY VECTOR 277.0172081 DEG '
MEAN ALTITUDE RATE 10105439 KM/SEC HORJZONTAL YELOQCITY 106252815 KHM/SEC
TILT AZIMUTH 30695466957 DEG TILT ANGLE ' +5855064 DEG

_SIGMA TJLT AZJMUTH

21943972 DEG  SIGMA TILT ANGLE 40049962 PEG

: SUN ELEVATION AT PRIN GRND PNT

; LONGITUDE _OF _SUBSOLAR_PQINT .
! ALPHA

| LEMISSTON ANGLE

+8002930 DEG SUN AZ[MUTH AT PRINCJPAL GRND PNT
267048845 DEG  LATITURE OF SUBSQLAR POINTY
~¢504325] DEG SWING ANGLE
e 2 hR31HA6R DEG  SIGHA SWING ANGLE

27045921625 DEG
01990513 DEG
2999740372 OEG
v 1965973 DEG

PHASE ANGLE

B9.7040157 DEG

NORTH DEVIATION ANGLE

17304149227 DEG

"SIGHMA OMEGA
SCALE FACTOR

+0020000 DEG

»0000000 M/KM

S{GMA HEAD[NG
LASER SLANT RANGE

©_PHI 15071215 DEG A=TILT 02924746 DEG
2 SIGMA PHI +0020000 DEg SIGHA X=TILT +0020000 DEG
. KAPPA i m173342612398 DEG. Y=TiLkT 2507} 149 DEG
SIGMA KAPPA +0020000 DEG SIGHMA Y=TJLT +0020000 DEG
_OMEGA 42924746 DEG HEADING ~Ble4287262 DEG

+ 0020001 DEG

+ 0000000 KM

SPACECRAFT ALTITUDE(LASER) ALTITUDE DIFFERENCE

; ~SELENOGRAPHIC DIRECTION COSINES X Y Z
OF CAMERA AX]S 275147089 m*50149465 _*42871273

+0000000 KM ~111e8444046) KM

HAGNITUDE {KH) -
111.850632

— 7 T TRANSFORMATION MATRIX FROM 7 =77 oo
_SELENOCENTRIC TO CAMERSM

TTTTTRANSFORMATION MATRTXTFRUM
LOCAL HORJZONTAL TO CAMERA

=1 64895609+00
124983095%00
~171899898%00

16536686]+00
+66678067400

+3879%Q21+0Q0
=+70213100%*00

e SLTeR9337 136400

011443465400
=41 1448250400
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-220249  _ 1434400 _ Figure 10(a) - First Frame .
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APOLLO 15 ~Al5 R=38 MaAP 12771 FIN PAGE = 1709 T
B o YEAR TUMONTH U OAY HOUK “HMINUTE TSECOND 7 77 7T e e
- .. emWr 77 8 3 21 42 544725
eV - SRR e A - mfw-w7 I
STATE VYECTOR X 3 Y b4 X 0o7v Y Dot Z borv
195040 13107735748 676414713135 1095.7589722 100692773 -1.0582781 TTEYVEWISIGET

SSELENOGRAPHIC . 12385.84848Q2 ~ =919¢3733215 . . 781e4}23383  =,8408484 _mAe39230547 . =e17265%0
SIGMA(SELEND) 104 1673 24 1001 00} + 001
LONGITUDE OF NADIR POJNT =33+5603371 0€G LATITUDE OF NADIR POINT - 2501669319 DEG
STGMA NADIR LONGITUDE *»0012100 pEG SIGMA NADIR LATITUDE +0001385 DEG
LONG OF CAMERA AXTS INTERSECT =3IVSEZS57T DEG

SPACECRAFT RADIUS

183745060425 KM
+0000}109 KM
=01 0Q5952
3195938230} DEG
12093221 _0EG

SIGMA SPACECRAFT RADIUS
MEAN ALTITVOE RATE . . .
TILYT AZIHUTH

SIGMA_T1L T AZIMUIH

KM/ZSEC

LATT OF CANERA AXIS
SPACECKAFT ALTITUDE
AZIMUTH OF VELOCITY VECTOR

CHORJZONTAL MELOCITY. .. ..
TILT ANuLE

SIGMA TILT ANGLE

ITNTERSECT 25« 19055%% DEG

__"_“39.91601560KH
263.480236] DEG
16362240
“5424405 VEG

KM/SES

SUN ELEVYATION AT PRIN GRND PNT
LONGITUDE OF SUBSO0LAR POINT
ALPHA
CEMISSION_ANGLE

«279087] DEG
. 5612021723 DEG
- v3710906 DEG
¢5734771 ODEG

+0020192 DEG
8949124117 LEG
+ 198043} DEG
32644676018 vEG
2093217 DEG

SUN AZJMUTH AT PRINCIPAL GRND PNT
_LATITUDE OF SUBSOLAR POJNT

SWING ANGLE

SIGMA SWING ANGLE

o PHASE ANGLE 89+3498144 DEG

NORTH DEVIATION ANGLE 7 7777186.88448

186.88440 1Y

SPHI e 52996425 DEG AeTlb] . t4521417 LEG
S SIGHA PHI ¢g019997 DEG SIGMA X=T{LT +0020604 UtaG
_KAPPA 47391275768 DEG Y=TILT . ~ 12996332
SIGMA KAPPA +0020001 DEG SIGMA Y=TILT +0019996 DELG
_OMEGA R . + 4521417 PEG. . HEADING 968747959 DLG

SIGMA ONEGA 210020004 DEG

SCALE FACTOR +Q000000Q N/KH

SIGHMA HEADING
LASER SLANT RANGE

0020000 DEG
» 0000000 KM

DEG

beEe

SPACECRAFT ALTJTUDE(LASER) +0000000 KM

"ALTITUDE DIFFERENCE -99e4160156 KN

~~SELENOGRAPHIC DIRECTION COSINES X
_OF_CAMERA AXKLS. _=276011378

Y 4

49689634 ~e41871358 99,420731

—_ ~ TRANSFORMATION MATRIX FROH
SELENOCENTRIC TO CAHERA

TRANSFORMATION MATRIX FROM
LOCAL HORJZONTAL TO ‘CAMERA

MAGNTTUDE (KHY __

166331185+00 =163828553+00 =.39065201+00

*e99279653+00 =} 1969844+00

——  123120519%00
+71173140%00

v67127819+00
037679853+00

~e70422272%00
v5?28¥177‘00

+11965536+00
+61363985-02

=499278408+00

«272086743vQ2 c999?5523'00

 +52295619%02
S 7891278902

_LATITUDE CONGITUDE
e e .. 22.880 T Te38,707 - I
274093 360366
- . E;_; Y i '-il,—z?ﬁm “E‘«nghre 10 (b) -~ Last Frame .
234099 30743
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Mission: Apollo,lS , Target: _Strip thotography

Rev: __44  , Camera: _ 3-TInch Mapping Frames: 1704 Through: 1852 ,
C— Coverage Interval:
From: 25.0 Deg, S Lat., 139.7’98" E lLong.,  To: _25.0 Deg. N Lat.,41.2 Deg, Wlong.
~ From: 162 Hr 59 Miﬁ 45,29 . Sec, To: _163 . Hr _59 Min 139 ;7.w Sec GET
/ Date Processed: _12/14/71 |, APE Version Used: :Z ;
y . ‘
INPUT DATA
‘ ¢ Trajectory Tapef
HOPE Version Used: B-6.1
Constants U;ed:
Lunar Potential Model: 71-1
Ephemeris: _JPL DE 'IQJT)n11B1P»Prp(~:[q1'm;L
Libration Model: _RTCC (Koziell)
Lunar kadius: 1738.05 Ka
( Ephemeris-Universal Time Difference: 0, 69583333 Min.
S Base Time: Yr _1971 Month __ 7 Day 26 Hr _ Q9 Min _Q Sec 0
| Computation Interval: _Computation at each film expasure time
-14 |

Integration Intevval: _Variahle (1x10 - A4 Min)

A
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

Time From Base: 177 H, 20 M, 11.13 Sec

Type: __QOne Revolution Solution

Description: - This" vector was determined from a solution based on a fit of
data from Rev 44, For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second; Degree

Components:

X = 5559192, 33 X=__132.207%
Y = 353857.69 Y = _-5243,1508 ’
Z = 2396110.96 Z = __990,9455
¢ Telemetered Data Tape
Data Sourée: Station taées
Bit Rate:  High
Date Edited: .8 Dec. 1971
Edited Data Tape No. A09624 File No.: 1 Location: Bldg. 12, MsSC

Remarks: Telemetered vehicle attitude data are unavailable for the interval 163
17 M, 17 Sec — 163 H, 19 M, 2.7 Sec GET, (Frames 1748 through 1751).
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APE Card Inputs:

Time Of Launch; Yr 127] Month 7 Day 26 Hr __ 13 Min 34 Sec ___EL__-_
Range Zero-Clock Zero Time Difference 0,79 Sec
REFSMMAT Used: .582563 +4761836 .6586878
-.2518852 -.6647384 .7033325
.7727705 -.5756492 -.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle
20.2 mrad in each gimbal angle

*21.2132034 ms film exposure ‘RSE time uncertainty including:
'20.ms in onboard clqék bias definition

5 ms in onboard clock drift rate definition

5 ms in universal to sidereal time conversion

o+ 4
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oUTPUT

General Descripuion:

The output is a listing of two-page tabulations of computed spacecraft state

camera orientation and photograph position and lighting data. Each

tabulation presents the results of computations for a specified time within the

rangé covered by the magazine.

Format: i 2
. ~ -

Gerierally the format will be that shown in Figures 1 end 2. However, when
the calculated camera aiming direction is abové the lunar horizon, a message :
to that effect along with the computed value of the tilt angle are substituted
for the tabulstiod. . ;
With the exception of its initial line, .the first page of each tabulation is
self explanatory. The initisl line contains six entries that are from left

. to.right:
1. Mission title ¢
2. Magazine identification .
3. State vector‘identification : « i
4. Datc of dzte origin ;
5. Status of data FRE = preliminarj, FIN = final i é
6 ey

- Frame number vithin the sequence

All ertries of the second page of each tabulation are self explanatory.except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary:These photo reducticen data are for a strip of near vertical photography
starting at 140 deg. E Long., 25 deg. S Lat., and extending WNW to 41.2 deg. W *
Long., 26 deg N Lat. Coverage, except for vehicle state vectors, 1s omitted for
the region 87 deg. E Long. to 81.2 deg. E Long. (Frames 1748 through 1751) where
telemetered vehicle attitude data is unavailable. .

&
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v . e

APQLLO 18 AlS R=44 MAP 12/71 gyN PaGg = 1704

, YEAR MONTH DAY HOQUR HMINUTE SECOND

GMT 7 8 2 8 33 46409

__GEY _ b 18 59 454292 :

STATE YECTOR x L ' 4 X 007 S Yool 4 pov
195040 =1334¢9353943 =6655749401% 159595101227 = «0647539 1°0475052 16450648
SELENOGRAPHIC =|276.2961426 1084.29688434 ~781+6}83624 2972559, 12920598 21782958
SlGKA‘SELE”O) 120 ;160 i 2l 4 2001 2001} 2001
LONGITUDE OF Nap]R POINY 139.6498756 pEg LATITUDE QF NaQIR PQOINT 250194061 DEG
SIGM, NonR LONGXTU o0 €6 Sx MA N R TITY Q
LONG OF ¢, MER, Axxs 1NTERSgcT 139.66152§g BEGv ? A rkg:HEkA th xNTfRSEcT ~25.8 81335 gEG
SPACECRRAFI RapTUS i 1BRNE T2 HT3 KW SP‘cEcRAFT .erruue - 1100347645 ¥

SIGMA SPACECRAFT RADJUS

+00000%6 xM

AZIMYTH OF vELOCITY YECTUR®

MEAN ALTITUDE RATE

.0110089 KM/SEC

HORJZONTAL VELOCITY

277412085248 Qgg
106269179 KM/SEC

TLY AZyMuIH 53, , TILY ANSLE ;02992798 DEg
SIGHA TILY AZjHUTH 03802469 pEG SIGHA TILT ANGLE ' ; ;00020178 DEG
SUN ELEVATION AT PRIN GKND PNT 28452959 pEg SUN AZIMYTH AT PRLNclPAL GRND PNT 270.000376] pgg
LONGITUpE OF .SUBSOLAR PONT 5066865792 pEa: LATITUDE or SUBSOLAR POINT ‘.1866905 DEG
ALPHA e 2254423582 pEa _ 4647 R
EMISSION sNGLE «3182134 pEa: SIGMA swlNG ANGLE 103802477 DEG
PHASE ANGLE —— 88,9002647 nEw NORTH DEVIATION ANGLE 17306497
PHI ‘ =+2180169 pE X=TILY (02048517 DEG
|_§iﬁﬂAkPHl 0019928 pEG SIGMA XwT{LT 20040002 REgG
5 KAPPA ~173.0556698 DEG. YoTILT *4180155 DEg
SlaMa KaPPA ___ﬁ_.u“h___,___“m,_ﬁﬂlnﬂxnnnﬂwnig‘ — _S1GHMA Y-T[L7Y 20019998 DEG
OMEGA 2048517 DEG . HEADING ~83«0548878 DEG -
_SlﬁhA_ﬁnﬂﬁA.WM,,ﬂﬁww__“_~_m_“w 20020002 DEG _ 2 1GHA_HEADING - 20020000 REG_
CALE FACTOR «0000000 M/KH LASER SLANT KANGE ‘«0000000 KM
SpﬁiéﬁﬁAil_Akl_TUQEALASEBl 20000000 KM ALTITUDE DIFFERENCE 1100341644 Kp
SELENOGRAPHIC DIRECT]QN co_gmgsw X Y i S MAGNITUQE (KH)
OF CcaMERA AKXIS o v168685953 ~e58905654 -stlgaaq 1102035767

m_ﬁv__h_"m-RANSfORMALLQN MATRIX FROM

— SELENOCENTRIC TO CAMERA

TRANSFORMATION m_lkiL_ﬁﬁyn, N

LOCAL HORIZUNTAL TOYCAMERA

~  =ergYeU4491*00 +64979990%00 + 40048231 +09 weggd 5528000; .1209l7 l+gg f-.33050733.02'_*
24199779400 67197240+ - Te89992147%0g B ~0120%641 %450 "V9265769*nn T e357532%6%,2
=+72392201 +00 -o35526489*oo o591374%5*oo Te420%4613=p2 7 =eapBIgaaT g,

LATITUDE  LONGITUDE

.9999Bbql’uo‘m“

wdlalgg. 436,470
- = 220213 137270 _
222824 142650

T e =27 +806

1420108 _ L.

Figure 11(a) - First Frame
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APOLLO 35 AlS R=44 MAP 12/71 FN PAGE - 1852
— S e JEAR  MONTH DAY~ HOUR_ MINUTE SECOND _
GHT 7} 8 2 9 33 33e219
o - GET e 19 59 J2e424; - S
STATE VECTOR X Y i X 007 Y. bol ' Z pol
19500 1333.8358643 657,3802795 108206330414 14048974 —je06z54946 ~e0656]44
SELENOGRAPHIC 1255.057067°% =1097.338 348 77648581009 *1 0071564 102716978 . -] 9,887
mﬁiﬁﬁAiiﬁgLﬂQJ_~mhnu,wwMLLz§m~,~_A‘;“W“MﬁLgﬁl_ﬁ_vwnd 226 1001 : s0W ‘ 2004
~LONGTUpr OF NaApIR PQINT ~4121642838 pEg LATITUDE OF NApIR POINTY ; 2409848387 DEg
S1GHMA NapIR LONGITUpDE 0012036 pEG SIGMA NADIR LATITUpE . o ,ggg,qeq LEG
LONG OF ¢ aMER, oX15 [NTERSECT =411732712 pgg LATI OF cAMERA AX1S INTERSECT 2497642398 pea
SPACECRAFT RaDIUS 1839,29649905 kM SPACECRAFT ALTITUDE 1011564636 KN
SIGMA SPACECRAFT RApJUS 00000097 ki AZIMUTH OF VvELUGITY VecTOR . 26247395210 Deg
MEAN ALTITUDE RATE . «=.0109477 xhM/SEC HORJZONTAL vELOCITY ] 1o6346912 KM/SEC
_TILT AZIHUTH _ 20125995048 DEG _ TILT ANGLE ~ — 93807144 DEG
SIGHA TILT AZIMUTH «3041379 pEq SIGMA TILT aNuLE ; ‘00019813 vEG
SUN ELEVATION AT PRIN GRND PNT ~1,14684499 pEe SUN AZIHUTR AT PRINCIPAL GRND PNI 894260456] DEg
LONGITUpE OF SUBSOLAR POINT 50,1799941 pEa LATITUDE OF SUBSOLAR POINT ‘e l856207 DEg
ALEHA_ SO —— -2 191 Y A A T SHING ANGLE ) , 2094224924989 Ota
EMISSION ANGLE 24028156 pEG SIGMA SWING ANGLE : ‘3041384 OEG
w..PHASE ANGLE o A 70,9953785 pEW  NORTH DEYIATION ANGLE » 18746323128 LEG
&~ PHI ¢ 185845] pEg XeTILT ) ~e3321922 LEG
Si6HA PHJ 20019994 _DEG SIGHA X=T]LY ; : ' ~+0020006 PEG
KAPPA . 1723704662 pEg YeoTLTY ) -~ 1858459 peg
—21GMA KAPPA — 20020000 DEG..__ SIGMA Y=Tji] ; - —-2001999Y DEG.
OMEGA ) ~e3321922 pEu HEADING ; “¥7+6284637 DEg
_S1GMA _QMEGA — 0020006 pEG SIGMA _HEADING : it 0 0020000 DEG .
SCALE FACTOR »0000000 M/KAH LASER SLANT RANGE . . .+0000000 KM
SPACECRAFT ALTITUDE (LASER) 20000000 KM ALTITUDE plFFERENCE . ~l0kel1569634 KM
SELENOGRAPHIC DIRECTION COSINES X Y Z MAGNITUDE (KM}
- OF CAMERA AX]S ~+68200586 59305247 =14277968,9 : 1019168829 _
TRANSFORMATION MATIRIX FROM TRANSFORMATION MATR|x FROM
— SELENOCENTKIC TO CAMERA LOCAIL HORYZONTAL TO CAMERA —
T 165040996400 ~.64209350t00 ~-.405g1133%00 =e99414452+00 we13274g06%00  .324354g0wp2 —
923709930 *n0 06791797745,  ~eb6%462)124%g 213276515%g9 <099, 1355 %5, fos7978..7:9;u
— «72163p69+0g *35857101 *gg 593985274 24451309952 '6377;_“,"02 299997798 0g —
LATITURE  LUNGITUDE
22,397 ~43,297
— 269974 ~44+093) -~ - -
_R7+6]9  -38.888 Figure 11(b) - Last Frame
T 224987 ~3842325

g
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Mission: _ Apollo 15 : , Target: _Strip photography

Rev: 50 ___, Camera: 3—Igcb_§i_apﬁng. __ Frames: _1852 Through: _ 1946

Coverage Intervali’

From: __26.1 Deg. S Lat., 126.4 Deg. E lLong., To: 23.0 Deg, N Lat.,13,7 Deg. E lLeng.

From: 174 Hr __52 Min 24.95 Sec, To: 175 _Hr _31_ Min 59,73  Sec GET

Date Processed: 12/14/71 , APE Version Used: _ 2_;

INPUT DATA
¥ C ¢ Trajectory Tape:

HOPE Version Used: B—6,1

Constants Used:

Lunar Fotential Model: _J-1

Ephemeris: J?L DE 19 (Donbhle . Precision)

Libration Model: RTCC (Koziell)

‘Luniar Radios: 1738.05 Kuw

(> Epliemeris-Universal Time Difference: 0,69583333 Min.
e Base Time: Yr 1971  Month __7 Day 26  Hr Q0 Min __0 Sec 0

Computation Interval: _Computation at each Film exposure time

v 1 ‘
Integration Interval: _Varjable (I1x10 14 64 Min)

(
.




Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

%V{gwm 5

Time From Base: 189 H, 9 M, 7.67 Sec .

Type: _ One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 50. For the solution the energy of the orbit was constrained
to be an analytically determined value.

e

Wy

Units: Feet, Second, Degree

Components:

X = _5445685,09 X = _ -246.0737
Y = _356948,16 Y= _5217.1920 g
Z = _2619968.86 Z= 1146.3435
¢ Telemetered Data Tape
Data Source: Station taées
Bit Rate:  High
Date Edited: 1 Dec. 1951
Edited Data Tape No. A09624  File No.: 2 Location: Bldg. 12, MSC

Remarks: There were no telemetered vehicle attitude data gaps within the interval.
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& APE Card Inputs:
Time Of Launch: Yr 1971 Month __ 7 Day 26 Hr _13 Min _ 34 Sec 0

Range Zero-Clock Zero Time Difference , 0.79 Sec

REFSMMAT Used: 0550754 . 6626837 .7468715
-,2300948 -.7194511 .6553216
9716085 , —-.2079433 .1128561

Camera Positioning Angles Used: The angle from the spacecraft body ¥-Z plene
o to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
+ 1 degree in camera positioning angle

0.2 mrad in each gimbal angle

(

421,2132034 ms . film exposure RSS time uncertainty including:

4+

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time conversion

H
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CUTPUT

Generai Descripiicon:

The outpu! is a listing of two-page tabulations of computed spacecraft state
cameTa oficntation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Formwat:

Generally the format will be that shown in Figures 1 and 2. However, when

the calculated camera aiming direction is zbove the lunar horizon, a message
to that effect along with the cowputed value of the tilt angle are substituted
for the tabulation.

With the exception of its initial line, the fivst page of each tabulation is
self explanatory. . The initial line contains.six entries that are from left

to right:

1. Mission title

2. Magazine identification

3. Striz vector identification

&. Mote of date crigin
5. Status of dava PRE = preliminary, FIN = final
6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo reduction data are for a sequence of essentlally vertical

photography starting at 126 deg. E Long., 26 deg. S Lat., and ending at 13.7 deg.
E Long., 23 deg. N Lat. Throughout all except a short interval of the sequence,
tilt is maintained less than 1 deg. so that the principal intersection point and
the vehicle nadir remain essentially coincident. During the excepted interval
(Frames 1925 through 1934) the pitch rate of the vehicle was sharply reduced then
increased back to orbital rate resulting in a steady increase of tilt to 7+ deg.
then a sharp reduction back to near zero.
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TN v o s
( / (
APOLLO 5 AlS R=50 MAP 12/7}1 FIN PAGE « |B52 ‘
YEAR " MONTW DAY HOUR HINUTE SECOND
LGMT 1y 8 ] 20 26 254744 S
GET 7 ) 52 240946
STATE VECTOR  x T e R 1} e X 0OY 7 DOT
19500 ~1437 446694794 ~498.4774170 ~10564506407) -.9569388 10394049 ‘ 79948}
SELENQGRAPHIC ~987,0872574 . 1339,0660400 ~814.948059} lelZ734408 10732483 03262503
SIGMA(SELENO) 1045 1433 xS © W00} <00} 200}
LONGITUDE OF NADIR PONT 12403956347 DEG LATITUDE OF NADIR POINY *26,0993710 OEg
§l§"AWEAQiB”kQN91IUQEW oo 90011766 DEG SIGMA NADJR LATITUDE oo e 90002666 DPEG
LONG OF CAMERA AX1S INTERSECT ‘124.3592701 pEG LATI OF CAMERA AXIS INTERSECT ~2640710065 DEG
SPACECRAFT RADIUS : 1852,4522708 kM SPACECRAFT ALTITUDE § 11493622742 KM
SIGMA SPACECRAFYT RAD[US ' +0000201 KM AZIMUTH OF VELOCITY VECTOUR 283,0564270 DEg
HEAN ALTITUDE RaATE 20070094 KM/SEC HORIZONYAL VELOCITY e 20823306 ] KM7SEC
TILY AZIMUTH 3lpe.9614258 DEG TILY ANGLE +6574875 OEg
SIGMA TILT AZIMyUTH 21743832 DEG SIGMA TILT ANGLE o 99020002 PEG
SUN ELEYATION AT PRN GRND PNT 743638391 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 2738205986 DEg
LQEﬁil!gﬁ¢E£miﬂiigﬁﬁﬂmﬂgiﬁl”w"”,“_ﬁﬁ:ﬁiﬁélziﬁjéémﬂ_w__iﬁddlﬂgiﬁgfmiuﬁégLAR POINT 1736377 DEg
ALPHA =05588523 DEG SWING ANGLE 297.8595657 DEg
EMISSION ANGLE «7007433 DEG SIGHA SWING ANGLE e 24743534 DEG
PHASE ANGLE 83,1948109 pEG NORTH DEVIATION ANGLE 16648842640 DEG
w PHI +58124%96 DEG X=TiLY o . 03072247 DEG
< SIGMA PHJ «0020000 DEG SIGHMA XaTILT «0020000 DEsg
TkAPPA. . =10628965778 DEG YayjLy e e =458)24]12 DEg
SIGHMA KApPPA +0020000 DEG SIGHA Y=TILT +0020000 DEg
OMEGA 13072247 pEg HEADING 27648996944 DEG_
SIGMA OMEGA +0020000 DEG SIGHA HEADING 20020001 DEg
SCALE FACTOR +0000000 M/KM LASER SLANT RANGE 20000000 KM
SPACECRAFT ALTITUDE (LASER) +0000000 KM ALTITUDE DIFFERENCE 11403622742 KH
SELENOGRAPHIC DIRECT[gN COSINES X Y 7 .  MAGNTYUDE (KM} -- .
OF CAMERA axis *53783045 _=071500846 144665537 1140370300
TRANSFORMATION MATRIX FRroMm TRANSFORMATION MATRIXTFRON
SELENOCENTRIC TO CAMER, LOCAL HORIZONTAL TO CAMERA

=+59415919+00
123632769400
~e76884593¢00

+63813876+¢0
+72038013+0

0 +48964650°%00
0 =+65207484+0¢

=e27171931+00 ~+57883041+pp

-.973?345?+00
~e22670629+00
086648725-02

22664486400 < l0144399=0]

~¢97394835+0p

+i53620545%02

LATITUDE LONG!TUDE
~23+818 (30225 h
—“22¢447 123+9236
~28232 122+.308
~29e554 128¢863

Figure 12(a) - First Frame
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STATE VECTOR
19500

SELENQGRAPHIC
SIGMA(SELENO)

GMT
GET

24842746415
1651.6017914
e21

LONGITUDE OF NADIR POJINT
SIGMA NADIR LONGITUDE

LONG OF CAMERA AXIS INTERSECT
SPACECRAFT RADIUS

SIGMA SPACECRAFT RADIUS

MEAN ALT]TUDE RATE
TILY AZIMUTH

SIGHA TILT AZIMUTH
SUN ELEVATION AT PRIN
LONGITUDE OF SUBSQLAR

GRND PNT

POINT_ .

ALPHA

EMISSION ANGLE
PHASE ANGLE
FHl

SIGMA PY|

_KAPPA

SIGMA KApPA
OMEGA

SIGMA OMEGA
SCALE FACTOR

SPACECRAFT ALTITUDE (LASER)

-~SELENOGRAPHIC DIRECTIQON COSINES

OF CAMEKA AXIS

+0020000 DEG
«+0000000 M/KM
+0000000 KM
: :
_=+89298142

SIGHA HEADING
LASER SLANT RANGE
ALTITUDE DIFFERENCE

Y z
_.m21035016

TRANSFORMATION MATRIX FROM
SELENOCENTRIC TO CAMER,,

*?6470931%00

v23049764%00
~e12730576%00

T81788258-0;

72185457400
v 68719475+00

+25029312+00

APOLLO 15 AlS R=50 MaP 12/71 FN PRGE = |946.
YEAR  MONTH DAY = HOUR MINUTE SECOND B T
7y . 8 2 21 s v526
7 7 3 594729
Y : b4 X porv Y DoT .z ool
12768031464 1311+4865417 145695760 -o1320217 4120187
40106889114 . 723+00}3809 _  ,1649884 _=le5527462 + 4609946
“1e92 58 «002 «000 00}
13.6695989 DEq LATITUDE OF NADIR POINT 23.0428653 DEg
.»0011275 pEG SIGMA NADIR LATITUDE . ,00034)8 LEG
13,6955332 DEG LATI OF CAMERA AX1S INTEKSECT 23.0174162 Dig
_. 184701257172 KM SPACECRAFT aLTITUDE 109.0357208 KH
20000076 KM AZIMUTH OF vELOCITY VECTOR 288,0735542 DEG
-s0097046 KM/SEC HORJZONTAL VELOCITY 7. 106280563 KHM/SEC
136.8351212 pEG TILT ANGLE . +5561552 DEg
22059605 DEG SIGMA TILT ANGLE © «0020008. DEG
52.4899025 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 11232345409 DEG
_H4.3132815 DEG LATITUDE OF_ SUBSOLAR POINT_. _ . 21728934 DEG
-+5748402.DEG SWING ANGLE (18,8444910 DEg
5910776 DEG SIGMA SWING ANGLE i +2089617 DEG
38.0847225 DEG NORTH DEVIATION ANGLE 1162,0008354 DEG
-24871193 DEs K=TILT ~14682911 DEg. .
«0020000 DEG SIGMA X=TILT «0020000 DEG
- =162,0083237 DEu_ Y=TIRT - ;24871139 DEG
«0020000 DEG SIGHA YeTILT % «0020000 DEG
-e2682911 DEG HEADING =72.0106030 Deg

»0020001 DEg
+00Q0000 KM
0940357208 KH

CHAGNTTUDE (Kny —

TRANSFORMATION NA~R$§MFRE] o
OCAL HORIZONTAL 10 CAMERA

'W~.951079310oo K

-«65253098+0Q
.71523164*00

_=039791580

109.04118)2

3
%
|

30682987*00 ~085016394°02

30887549400 -+
=e66398293-02 .

95109090+00
707937]7-0“

«46825482-02 -
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Mission: _ Apollo 15 - _» Target: _Strip photosraniy L

2091

Rev: 50__ 94

» Camera: _ 3-Inch Mapvwing ___ Frames: ____3_:946 Through:
" Coverage Interval:

. From: 27.15 Deg. S I;at.,, 122.6 Deg. E Long., To: 27.3 Deg. N Lat., 6.8 Deg.W long.

/ _Date Processed: 32/14/71 » APE Version Used: ______jw
INPU’I; DATA
‘ s Trajectory Tape
HOPE Versioca’ Usédy B=6,1"
Constants. Used:
. Lunar Potential Model: 711
Ephemeris: _1pf, DR 19 (Douhle Precision)
Libration Modal:v RTCC (Xoziell)
Lunar Rodics: 1728.09 Km
’ Ephemeris-Universal Time Difference: 0.6_53%_.;%,3_33_11113%”_
. Base Time: Yr-'__l97'1 Month _ 7 Day 26  Hr 09 Min g . Sec 0
Computation Interval: _Computation at_each film exposure rime | 3
© Integration Interval: Variahle (1:10-%% - 64 win)
;

. From: 194 Hr 35 Min 3.6 _Sec, To: 195 . Hr .35 Min. 0.4  Sec. GETo . — o




Initial State Vector Used:

Coordinate System: Selenographic (Tnstantaneous Ipertial)

g

Time From Base: 208 H, 51 M, 11.11 $ec —

Type: _ Opne Revolution Solution

~-Deseription: -~This-vector-was-determined-from.a.soclution. based.on.a fit. of . ... ...
data from Rev. 60, For the solution the energy of the orbit was constrained
to be an analytically determined value.’ - .

pa

Units: Feet, Second, Degree

Components:

X = _5574224,19 X = _-354,9182
Y = 354480.73 Y = -5106.8394 ‘
7 - 2379220.06 5= 1496.9973
e Telemetered Data Tape 5;5§
Data Source: Station tapé
Bit Rate: High
-pateE Edi ted e e De e LGT L o o e et e ot s s e
Edited Data Tape No. _A09624 File No.: 3 Location: Bldg. 12, MSC
Remarks: There are no telemetered vehicle attitude data for the interval 194 H,
40 M 4 2 Sec - 194 H 44 M 17 Sec GET (Fms 1958 through 1967)
N\
- \é,
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® APE Card Inputs:

Time Of Launch: ¥Yr 1971 Month __ 7 Day 26 Hr _13 ~ Min _ 34 Sec ¢

f— Range Zero-Clock Zero Time Difference 0.79 Sec
i
REFSMMAT Used: 0550754 .6626837 . 7468715
-.2300948 ~.7194511 .6553216

<9716085 - - =,2079433 -~ .1128561

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
o to the camera optical axis (camera positioning angle) was 37.75 degrees.

L

Uncertainties Assumed:
t 1 degree in camera positioning angle

$0.2 mrad in each gimbal angle

T

- ) $21.2132034 ms film exposure RSS time uncertainty including:
20 ms in onboard clock bias definition
* 5 ms in onboard clock drift rate definition
* 5 ms in universal to sidereal time conversion

/
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CUTPUT

General Descripiion:

The output is a listing of two-pazge tabulations of computed spacecraft state

camera orientation and photog ! position and lighting data. Each

tabulation presents the resul .+ f computations for-a specified time within the

range covered by the magazine
y :

Formact:

Gerierally the format will be that shown in Figures 1 and 2. Howevar, when

the calculated camera aiming direction is above the lunar horizon, a message

(=9

to that cffect along with the computed value of the tilt angle are substitute
fbf tﬁé taﬁﬁiétign. ‘ ‘

With the exception of its initial line, the first page of ecach tabulation is
gcelf explanatory. The initial line contains six entries that are from left
to right:

1. Missicn title

2. Magazine identification

3. State vector identification

4. Date of datc origin

5. Status of data PKE = preliminary, ¥IN = final

6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appezr above or below the

corresponding frame cormer number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a sequence of near vertical

phctography starting at 123 deg. E Long., 27 deg. S Lat., and extending WNW
to 56.8 deg. W Long., 27 deg.’N Lat. Vehicle state vectors only are provided
for the region 109 deg. E Long. to 95 deg. E Long. (Fms 1958 through 1967) for

which vehicle attitude data are unavailable.
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APOLLO 15 AJS Rv o0 HMAP J2/¢71 FIN PAGE <« 946
YEAR MONTH DAY HOUR MINUTE SECOND 4
GHT 71 - B " 16 .9 100773 :
GET ‘ __8 2 35 9¢976
STATE VECTOR X. Y P4 A DoT Y DoT ZooT
195040 ~1282.7921600 ~65642279892 -1 16494372711 ~lel20g6557 09607374 06763722
SELENOGRAPHIC -919.5272522 1364,2565]55 ~85196917496 12511160 1+0069y38 e239203),
_SIGMA(SELENO) 1455 125 233 2001 20014 % 2001
_LONGITUpr OF NaplR_PQINT 123.9805002 pEw LaTIlTYDE OF NapIR POINT ~27369436Y4 DEG__
S1GHMaA NapIR LONGITUpE 0012035 pEG SIGMA NADIR LATITupE ‘ 0001969 DEG
LonGrort e ek, k15 nTersEcT 123%9709721 Hee LaT1 OF CAMERA AX1S  INTERSECT =27.375%668 DEG

SPACECRAFT RaADIUS

_SIGMA SPACECRAFT RADIUS

1852,5997762 KN
,0000148 KM

SPACECRAFT ALTITUDE

S l14¢5040894 KM

AZIMYUTH OF VELOCITY VEcTUR 27947443942 DEgG
MEAN ALT|TUDE RATE 0105324 KM/SEC HORJZONTAL vELUCITY ‘ 166236249 KM/SEC
_TIAT AZIMUTH I 43320757690 DEG TILT_ANGLE 1607125 DEG
SIGHA TILT AZIMUTH 7125855 DEG SIGMA TIWT ANGLE «0020187 vteg
SUN ELEVATION AT PRIN GRND PNT 25166159 DEG SUN AZIMYTH AT PRINCIPAL GRND PNIT 27044370270 ptg
LONGITUpDE OF SUgSOLAR PUINT 34,6306858 pEG LATITUDE UF SUBSOLAR POINT + 1505157 Deg
ABWPHA_ e = 301410 REG SHING ANGLE £2346D70187 Vi@
EMISSION ANGLE 1711773 DEG SIGMA SWING ANGLE «7125920 VEg
w_ PHASE ANGLE e _B946199240_ DEG NQRTH DEYIATION ANGLE — 17044452515 DEg
L FHI + 1107345 pEu CX=TILT -vl160486 DEg
Y slaMA PHI «0020000 pEG SIGMA X=T]LT +9020000 Dk
KAPPA ~170+4498653 pEo Y=TILT =+ 107343 Ve
~S1GMA KAPPA - —20020000 pEG SLGHA _Y=T[L1 0020000 DEg
OMEGA -l 160486 DEG HEADING r8p 496422 DEG
~31GMA _QMEGA - 0020000 pEG  _ __SI1GMA HEADING «0020000 DEG
SCALE FACTOK +0000000 M/KM LASER SLANT RANGE +UU00000 Kn
SPACECRAFT ALTITUQE (L4SER) 20000000 KM ALTITUDE DIFFERENCE ~1145040894 KM
SELENOGRAPHIC DIRECTJON COSINES RS Y z MAGNITUDE (KM)
— OF CAMEKA AXIS 149863373 =e73578661 145823643 © 1}4e5049%78 - -

i . JRANSFORMATION MATRIX FROM.

—_ SELENUCENTRIC TO CAMERRA

TRANSFORHATION MATRIX FruM

LOCAL HORJIZUNTAL TU ganﬁua

- =epB628736%00
227527858+

15957,713%0g
'71???,}657*00

«9172)827%00
Te656899,, +y

me98613825+00
01651 026%0

e 14591411400
"98013872%g

16707324792

1019326766702 -
254293702
¥996,3%0 -

—
ER )

Te6Y156288+00 ~.35683136%g5 =+b2802250 %0 S *2249194427g2
CATITULE  LONGITUDE
-2q9 4452 l,ZVO.SS"'
I T ~24+343 121e644 T T Con T
=25+180 1274317 Figure 13(a) ~ First Frame
S 30343 (2640 S
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R o [ -

} I APOLLU 15 AlbS R=60 MaAP 12/71 FIN PAgE = 209}
. . . JEAR  MOQNTH DAY HOUK  MINUTE  SECUNu e
GHT 71 8 3 17 9 1*170
S e i . GET ... B B U ¥ SO ¥ 2 S S
' STATE VEUOR X Y pa X Lol Y UUI Z ool
175300 12774837434 . 646067553795 134518575, 14 IWERLPYi =+ 9778646 26995209
SELENOGRAPHIC 8930426979 T1366479845957 8«3.565«105 MR ALILLE ~e98,, 64 ~ezb43033
CALQMAISELENQY SO O 53 S de22 JUOU 5. 3 - S 2001 : e A GU e . aQ0}
LONGITUDE UF NADIK POINT -56,8287964 DEG LAaTITUDE OF NAUIR PUINT 2703217728 prg
CSTGEHRTNADTR LONGITUDE ™7 = T 00T ZZTE HEG T T SIGHA NADTR TATITUDE o TLUU02022 DR
LONG OF CAMERA aX1S INTERSECT -56,8326001 DEG LATI OF CAMERA AKIS INTERSECT 473277650 bts
SPACECRAFT RADIUS ' 1837.9300232 kM SPACECRAFT ALTITUDE P9.8399963 Kb
SIGMA SPACECRAFY RADIWS - 20000187 KM ALIMUTH OF VELOCLITY YECTIUR 260G 195793 Dieg. .
MEAN ALTITUDE RRTg -«010494Y4 KH/SEC HORJZONTAL VELUCITY leb3648626 Rﬂ/ScC
CIALY AZIMUTM . 3305409889 pEG__. TiLT--ANGLE e im0 b L QA LT 9 Wb e -
SIGHA TILT AZ[MUTH « 9548295 pEG SIGMA TILT ANGLE 20020279 Ui
SUN FLEVATION AT PRIN GRND PNIT ~+7812214 pEq SUN AZIMVUTH Al PRINCIPAL GRNOD_PNI HRa4281980 pEe.
LONGITUpE UF SUBSULAR POINT 34,1239300 ptEg LATITUDE OF SUBSULAR POINT 492977 DEa
ALRHA = e e g BB L0 PR e S NG ANG B e 34002480328 Opg -
EMISSION ANGLE vl2680618 pEG SIGMA SWING ANGLE v 9548430 DEG
~PHASE _ANGLE .. . . wome e 20..7.200427 pEG- . NORTH_DEV-JATION - AN Glebi o e | B9 e BB OB 22 g G
PHI 0405456 DEG Ko TLLT b 127426 Drg
S1leMa PH] e «~0020000-pEw SEeMA—kmTt | s e DGR BOEH D G
KAPPA 1703210239 pEw Ye=TILT : ~oU40B455 D
- S1GMA _KAPPA e 0020000 0EG . SIGMA Ye ULy i 00200090 e g
UMEGA «1127426 pEG HEADING : =¥5.6790600 Oro
2 lGQHA OHMFGQA . 2020000 DEW S16HA _HEADING I . L aM020000. DG
SCALE FACTOR +0000000 M/KM LASER SLANT RANGE" « 0000000 KM
L APACECRAFT ALTITUDE (LASER] .0000000 Kn ALTITUDE GlFFERENCE —=9928399963 KM
SELENOGRAPHIC DIRECTIQN cOS]NgS X Y F MAGNITULE (KM)
o oF CA"ERA \XKS ~+43742202 +74379686 ~e45736657 ; 99+840240
TRANSFORMATION MATRIX FROM TRANSFURMATION MATRIX FROM o
— SELENOCENTRIC TO CAMERA LUCAL HORIZONTAL TO0 CAMERA —
f— e6g260p330+00 ~159755g55+pp -.42066560000 "'098575“70*00 ~elbgl2gepd+gp ) 070765318=03 —
022511287+0p 271960225%00  _=e656884p7%5, 0168127492%0 ~*98576325%gg e 196772772
- 169525313400 *35368957+g, 062572 19740g *10284212-g2 =+ )182077g1"02 f-999997lbfgg -
LAYITUDE LONGITYRE
249649 58892
e 2 R LY 4 =59e82 U
299946 40662 Figure 13(b) - Last Frame
o T T 259404 =53+886 -
‘ ‘,‘ i | ‘ : {
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Missjion: __Apollo 135 : __, Target: _Stxin rhotognephy
! Rev: _ 62 _, Camera: __ 3-Inch-Mzpping Framnes: 2091 Through: 2206 .

Coverage Interval:

From: _13.9 Deg'. S Lat., 83,2 Deg. E  Long., Tc: 27.3 Deg. N Lat., 38.9 Deg.W lonr.

w

g¢ GET

From: 198 Hr 44 Min _40.7 sScc, To: 19§ Fr 32 Mim 2002

{ Date Processed: 12/14/71 , APE Version lUsed: 7.
Y
INPUT DATA
e Trajectory Tape:
,* - HO%’%‘. ‘\7>ersion’ UgrAd B~;6.1. ;,_,__M___*__.;_-__,-,_-
Constants Used: ' .
' Lunar Potential Model: _J~7 e
Ephemeris: _JPI, DE_19 (Double Precision)
Libration Meodel: _RTCC (Koziell)
Lunar Radius: 1756,09 K . - S
{ Ephemeris-Universal Time Difference: _()_.69583333»?;1‘5,1\.
. Base Time: Yr>_1971 _ Month 7 ‘Day 26 Hr Q0 Min _Q __ Sec __Q____
Computation Interval: _Computation at each film ezposuve tine
Integration Interval: Variable (Ix 10"14 ~ H& Min)
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Initial State Vector Used:

Coordinate System: _Selenographic (Instantaneous Inertial)

Time From Base: 212 H, 47 M, 33.35 Sec

Type: _ Ope Revolution Solution

Description: This vector was deternined from a solution based on a fit of
data from Rev 62 For the solution the energy of the orbit was constralred
to be an analytically determined value.

Feet, Second, Degree

Units:
Components:
= 5602038, 66 X = -362.7224
Y = 358193.68 Y = -5082.7231 ’
Z = 2319751.64 Z = _1565.8407
e  Telemetered Data Tape
Data Source: MSFN and sfation tapes
Bit Rate: _ High
Date Edited: 7 Dec. 1971
Edited Data Tape No. __A09569 File No.: 2 Location: Bldg. 12; MéC”

Remarks: rThere were no significant gimbal data gaps within the interval.

%
.

3




——
o .

e AI'E Card Inputs:

Time Of Launch: Yr 1971 Month _ 7 Day _26 Hr _13 Min __ 34 Sec _ 0
Range Zero-Clock Zero Time Difference _ 0.79 Sec
REFSMMAT Used: 0550754 6626837 . 7468715

-.2300948 -, 7194511 .6553216

" 9716085 - - =,2079433 - 1128561 « -

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:

* 1 degree in camera positioning angle -
#0.2 mrad in each gimbal angle

i21.2132034 ms film exposure RSS time uncertainty including:

as definition

*20 ms in onboard cleck bi
* 5 ms in onboard clock drift rate definition
+ 5 ms in universal to sidereal time conversion

3-81




OUTPUT

Goneral veroripiion: \
L
- k
. . i
The output is a listing of two-pagze tabulations of ccmputed spacecrafr state -
camera orientation and photograph position and lighiting data. Each
tabulation presents the results of computations for a specifiecd timz within the :
range covercd by the magazine.
rormat: H E
= :/‘}v
Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camora aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted
for the tabulation. -

With the exception of its initial line, the first pape of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

2. Magazine identification
3. State vector identification

.
. Date o

14
(o9

ata crigin

. Status or data PRE = preliminary, FIN = final

6. Frame number within the sequence

ALl entries of the second page of each tabulation are self explanatory except

v

the photograph frame corner locaticns. These appear above or below thue

cerresponding frame corner number on the left-hand side of the page.

UlPUS Summary: These photo evaluation data are for a near vertical strip of
photography starting at 83.2 deg. E Long., 16 deg. S Lat., and extending WNW to

59 deg. W Long., 27 deg. N Lat. Throughout the sequence, a near zero (less than
1 deg.) tilt is maintained such that the principal intersection point and vehicle
nadir remain essentially coincident.
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A TN i R . e s
/ f | (
AFOLLO 1% AlG R=62 HAP 12771 FIN PAGE = 2091
N YEAR™ HONTH DAY — HOUR MINUTE SECOND T
GHT 7] 8 3 20 18 41462 e
GET ' 8 6 44 404664 5
- STAJE YECTOQOR X Y Z X Dot Y coT I 0ot
19500 *1796025)1 11239 1457121296 ~452415845] -42065907 lell15328 1¢1585694
SELENQGRAPH]C 21041791592 177449752502 ~507,4297218 je4846436 v0137926 016450683
STGMA(SELENOD) le8y = o l} v88 +000 2002 «000
~ LONGITUDE OF NAGIR POINT 8342469082 DEG LATITUDE OF NAGIR POINT ~I5.9490558 DEG
SIGHA NADIR LONGITUDE +0010}93 pEG SIGMA NADIR LATITUDE +0004873 0EG
LONG OF CAMERA AX!S INTERSECT 83423828089 DEG LAT! OF CAMERA AX{S INTERSECY *156,8692123 DEG
_SPACECRAFT RADIUS - 185840089417 kM SPACECRAFY ALTITUDE 11949189148 kp
S1GMA SPACECRAFT RADIUS +0000229 KM AZIMUTH OF VELOCITY VECTOR “7?“737@??33‘056
~MEAN ALTITUDE RATE L 20049493 KM/SEC HORIZONTAL VELOUCITY o he6187495 KM/SEC
TILT AZIMUTH 20243596478 DEG TILT ANGLE V3188990 GEG
—A1GHMA TILT AZIMUTH 013627330 DEG SIGMA TJLT ANGLE . _+0020010 DEG
SUN ELEVATION AT PRIN GRND PNT 374651470 DEG SUN AZ[IMUTH AT PRINCIPAL GRND PNT 28247785110 DEG
—LONGITUpE OF SUBSOLAR POINT ..3R5177565 pEG. . LATJTUDE OF SUBSOLAR POJNT . +1454069 DEG
ALPHA =e0577027 DEG SWING ANGLE 178,239952) DEG
,_E&LS5LQN~Aﬂ§LE‘_~M_"qmm,_m“_vmwdH,MMQJQALQIEJWDEEM",_~_~_LﬁNA SHING ANGLE — 03627326 DEG_
w PHASE ANGLE 5245917954 DEG NORTH DEVIATION ANGLE. 15548776665 DEG
o kAl ———— "+ 0097076 DEG X~TILY . ;--3157511 DEG
G SIGMA PH] +0020000 DEG SIGHA X=TILT «0020000 DEG
~KABPA T155:8803482 DEG  _ Y-TLT _ e 00097074 DEG
SIGHA KAPPA ’ +0020000 DEG SIGMA Y=TILT . +0020000 DEG
_OMEGA -¢315751| DEG HEADING -654+8804035 DEG
STGMA OMEGR T 0020000 pEG CSIGMA HEADTNG T e 0020000 DEG
_SCALE FACYOR e +G000Q00 M/KM LASER S_ANT RANGE + 0000000 K¥
SPACECRAFT ALTITUDE (LASERT - 0000000 kn ALTITUDE DIFFERENCE YT eI iNg KA
CSELENOGRAPHIC D DIRECTION COSTHES ~ ”"“7““"““”“”““"‘“‘“””“‘v V4 TTMAGNTTUDE (KRh)
OF CAMERA AX]S ~e 1l 119979 ~ 295692537 '

— ‘ THANSFORMAT[ON MATRIX FROM

SELENOCENTRIC TO (AHERA
~e12291524+09
v21877434%00
1 96800245%0D

.69150715‘00
v71850908*00
*74582425%=0]

0711835ﬂ;100
-»66021323‘00
“123960120%00

226819478

119+9208¢8

TRRNSFDRHKTIUN‘MATRIX FROM-
LOCAL HQRIZONTAL TOQCAHERA

=+ 1694262403

+55108682+02
L 29999848 %00

AAAAA ,“;ﬂgfﬁijb*Uo

-e40B63735+00 “e91268014+00
e _hWﬁJZDSJiIEZVQQ_uwl_Qiﬁiéﬂ_wQ%

T - LATITUDE T LONGTTUDE —
T =17.162 794513
=12+217 81+847
- ~l4s423 86698
"19"100

8‘10700

Figure 14(a) - First Frame




APOLLD 15 ATS R=62 MAP 127771 FIN PAGE = 2206
B i ) T YEAR  MONTH DAY TTHOUR TMINUTE SECOND i B
. GMT 7y B 3 21 b 2e8l5
GET ’ 8 7 32 2+021
SIATE VECTOR X Y /4 X boT Y DoT Z bol
199000 12752182617 6494892044 11535459137 11129837 ~s 9749572 - 698387
CSELENOGRAPHIC 845.0446930 =1397,5153,98 83.8364029 ~13)76476 ~e7360313 =+2543010
SIGMATSELENOD) T1Ved o I 001 Tep01 T < eool
LONGITupe OF NaplIR POINT 7 o SEBYB3I?E3I9 DEG T UATITUDE OF NADIR POTNT 7 777 77 “““27???51672 VLG
S]GMA NADIR LONGITUDE +0012219 DEG S]GMA NADIR LATJTUVE «0002322 vEo
LONG OF CAMERA AXIS INTERSECT’ ~58+8779511 DEG UATI OF CAMERA AXIS INTERSECT 77 332%347 BEGTTTTT
_SPACECRAFT RADIUS 183842626038 KM SPACECRAFT ALTITUDE 10043725769 KkH
STGHA SPACECRAFT RADIUS ST TTTVR00027 7 kT T T RZTHUTH OF VELOCHTY VECTORT T26040023504%6 DEG
MEAN ALY|TUOE RATE __=+0108478 KM/SEC _ HORIZONTAL VELOCITY 1+6360940 xii/SEC
TILT AZIMUTH 282.0255053 DEG TILT ANGLE 6039720 VEG
_SIGMA TILT AZIMUIH v 1892445 DEG SLGMA _TILT ANGLE ...x002006; wt&
Sun ELEVATION AT FRIN GRND PNT ~e8173189 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT BI+414927% UVEC
LONGITUDE QF SUBSOQLAR POJNT . 32e4167488 REG . LATITUDE OF SUBSOLAR PUINT » vlH442849 OEG
ALPHA +6233465 DEG SWING ANGLE 291.7602186 DEG
EMISSION ANGLE 26388015 DEG. ___ SIGMA _SWING ANGLE «1892647 vEG
PHASE ANGLE 90411939554 DEG NORTH DEVIATION ANGLE zaa.753169‘ Y
Pl B 156080808 DEG XeT1kI 4 e 4. 0EG6
SIGMA PHI +0020000 0EG SIGMA X=TILT VEG
__KAPPA 317042662258 DEG . X=YILT . 3 o ~w56e08844 DLe
SIGMA KAPPA +00200Q00 DEG SIGHA Y=TILT 0019999 OEG
_OMEGA .. %2238834 DEG _MEADING . T?747359705 0£6
S1GMA OMEGA «0020001 DEG STGMA HEADING +002000) LG
_SCALE FACTOR +0000000 M/KM LASER SLANT RANGE +0000000 ®n
SPACECRAFT ALTITUDE(LASER) 0000000 KM ALTITUDE DIFFERENCE ~10041725769 KH
— SELENOGRAPHIC DJRECTION COSINES X Y 2 (KM

QF CAMERA AX]S

TRANSFORMATION
SELENOCENTRIC

TMATRIX FROM

me46901510

_ 275572323

_ me45706370

HAGNTTUUE
. 100-178467

TO CAMERA

LOCAL

‘””YﬁiNSTDR“TT1ON’ﬁKTRTX “““ FROM™
HORJZONTAL TO CAMERA

- +67106480%00

~+59183250+00

s 4149260400

~+98555023+%00

=+ 16910001400

'97891229"02

022201976%00

v 72011931 %00

~e565736998*00

v 16906917400

~198559639+00

’03907Q925'02--*

. «hABIBY923°0) 2 36216356200 iﬁlwﬂﬂllﬂ_ﬂﬂ* e ]103088%1=01 =021960216"02 '9??VQQEQ2QD_
LATITUDE  LONGITUDE . , : -
24,658 604863 ——— - g
29« )46 =614814 Figure 14(b) - Last Frame 5
29+974 “560622 — — % [N —
25+384 ~55+827
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Mission: Apolls 15 ) , Tarpet: _Strip QHOCOF’]’%’J{}V

Rev: __ 63 , Camera: _ 3-Inch Mapping Frames: 2206 Through: 2351

i . — Gol R

"~ ‘Coverage Interval:

From: 27.3 Deg S Lat,, 120.5 Deg E  rong., To:27.2 Deg. N Lat., _60.3 Deg Wliong.

e FoIPG T T el v v 48315%, TOZOihrBO Mm PR
/  Date Processed: 1/6/72  , APE Version Used: ___ 7 ,
{- : v
INPUT DATA
‘ ] “Trajectory Tape:
HOPE Version Usea: 3-64.1 -
Constants Used:
‘ Lunar Potential Model: _j-71 _
Ephemeris: _JP], DE 19 (Doihle Precision)
Libration Medel: RTCC (Koziell)
Lunar Kadius: 1738.09 Xm
, Ephemeris-Universal Time Difference: 0,69583333 Min.
Q\- Base Time: Yr 1971 ~ Month __7  Day _26 Hr . @ Min Q.. . Sec 0. ..
Computation Inter\/;alt _Computation at each film exposure time
Integration Interval: _Varighle (1x1 ()hl&. - 64 Min)
P




Initial) State Vector Used:

Selenographic (Instantaneous Inertial)

Coordinate System:

Time From Base:

Type: __One Revolution Solutrion
o Descriptiont - This” vector-wa

data from Rev 63 .
to be .an analytically determined value.

Feet, Second, Degree

For the solution the energy of t

he orbit was constrained

Units:
Components:
= 5615994.30 CRE_-367,7504
Y = 357003.71 ¥ = _=5070.78 ‘
7 = 2289724.61 7 = 1598.78
Telemetered Data Tépe
Data Source: Station tapes
Bit Rate: High
Date Edited: 4 Jan. 1972
3 Location: Bldg. 12, MSC

Edited Data Tape No. _A09569 File No.:

Remarks:

data for the interval of this sequence:
201 H, 25 M, 34.8 Sec - 201 H, 26 M, 45 Sec
201 H, 28 M, 41.8 Sec - 201 H, 29 M, 51.7 Sec (Frames 2346 — 2349)

1
2)

There are two significant gaps in the tel

emetered vehicle attitude

(Frames 2338 = 2341)

s-determined from.a. solution based on a fitof

o,
g

"«1:«3«" ’

L —



s

Time Of Launch: Yr 1971 Month __7 Day _26 Hr i Min 34 Sec g

;7 Range Zero-Clock Zero Time Difference -~ 0.79 Sec
»w REFSMMAT Used: (0550754 .6626837 7468715
~.2300948 ~.7194511 .6553216
.9716085 ~.2079433 .1128561

~-Camera. Positioning.Angles.Used:..The angle-from-the-spacecraft body X=Z-plane: == - ==
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle

%0.2 mrad in each gimbal angle

{

$21.2132034 ms film exposure RSS time uncertainty including:

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time .conversion

I+ 1+ 4
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OUTPUT

General boescriprion: .
. , T
The output is a listing of two-page tabulations of computed spacecralt state
camera orientation anc photograph pesiticn and lightipg data. Each
tabulation presents the results of computations for a specified time within the
s e e erapges-covered-by-the magazines
Format: E
&

Gencrally the format will be that shewm in Figures 1 and 2. However, when

the calculatéd cameri aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted
for the tabulation.

Wich the exception of its initial line, the first page of each tabulation is
self explandtory. The initial line contains six entries that are from left

to right: ' ’ :

1. Mission title

S e v

2. Magazine identification

3. State vector identification

e

4. Date of dota origin

Status of aata PRE = preliminary, FIN = final’

5.
6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the phorograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.
% OUTPUT Summary: These photo evaluation data are for a strip of near vertical
: photography starting at 120.5 deg. E Long., 27.3 deg. S Lat., and ending at 60.3
deg. W Long., 27.2 deg. N Lat. Throughout the sequence tilt is maintained

essentially zero such that the principal intersection point and vehicle nadir
remain near coincident. State vector data are provided for the two regions of

coverage where vehicle attitude data are unavailable. The intervals are:
‘ 1) 41.4 deg. W Long., 29 deg. N Lat. - 48,2 deg. W Long., 28.6 deg. N Lat. (Frames

2338 through 2341).
2) 52.3 deg. W Long., 28.3 deg. N Lat. — 59 deg. W Long., 27.4 deg. N Lat. (Frames

2346 through 2349).

%
)5

s
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APQ

LLU 15 AlS R=43 AAP T2/77T FIN PAGE - 2208
YEAR HUNTH DAY RUUR  WINUTE SECOND
GMT 7} 8 3 22 R 496311
o CGET 8 8 30 48¢516
STATE VECTOR X Y - z X DoT Y 00T L Dor
19500 -1286¢2710266 =65440350494 “1160¢373062} 191188934 v96022}12 ; «681707
SELENOGRAPHIC ~836+54947845 141702140045 ~8484774375¢ 1+30753238 +9323702 i 1244364
STGMA{SELENO] 1482 Te1% 37 v 001 <001 «001
LONGITUDE OF NADIR POINT 120+.5522575 DEG LATITUDE OF NADIR POTUT ~27.282658) DEG
SIGHA NADIR LONGITUDE +001203] pEG SIGHA NADIR LATITUDE 90002136 DEG
LONG OF CAMERA AXIS INTERSECT 120.5085239 DEG LATI OF CAMERA AX}S INTERSECT ~27.+2800062 DEG
SPACECRAFT RADIUS 18516804810 Ko SPACECRAFT ALTITUDE 11345904846 KM
SIGMA SPACECRAFT RADIUS +0000208 KH . AZIMUTH OF VELOCITY VECTOR 27949460907 DEG
MEAN ALTITUDE RATE 20108805 KM/SEC HORJZONYAL VELOC]TY 06243331 KM/SEC
TILT AZIMUTH ' 273+893444] DEG TILT ANGLE «5961457 DEG
SIGMA TI LT AZIMUTH «1920394 DEG SIGHA TILY ANGLE “e0020032 DEG
SUN ELEVATION AT PRIN GRND PNT ¢9213514 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 270¢63634)) DEG
LONGITUDE OF SUBSOLAR POINT 31+6190572 DEG LATITUDE QF SUBSOLAR POJNT e 1432099 DEG
ALPHA 26339630 DEG SWING ANGLE 26349085770 DEG
EMISSION aNGLE e +6350441 DEG SIGHA SWING ANGLE 21920394 pEG
$PHASE ANGLE 89.7126)12 DEG NORTH DEVIATION ANGLE 16949952316 DEG
IPHI o v1592681] DEG X=TILT ~¢0632477 DEG
SIGMA PH] +0019999 DEG SIGHMA X«TILT 0020001 DEG
KAPPA ~170+0153675 DEG Y<TILT ~¢5926807 DEG
SIGMA KAPPA +0020000 DEG SIGMA Y=T[LT w00}9999 DEG
OMEGA g - ~+e0632477 DEG HEADING ~8040)147142 DEG
SIGMA OMEGA 0020001 DEG SIGHA HEADING : DEG
SCALE FacToR o +0000000 M/KH LASER SLANT RANGE KH
SPACECRAFT aLTITUDE(LASER) B .0000000 KM ALTITUDE DIFFERENCE 75904846 KM
— SELENOGRAPAIC DIRECTION COSINES X e T2  MAGNITUDE (KM)___
0F (AMERA AXIS. *46052440 ~+75977036 *+ 45898356 11325%7046

"TRANSFORMATION MATRIX FROUM ~ = "
SELENQCENTRIC TO CAMERA

'_—“__"”—“*“”“””_“TRINSYURHTTTON“FTTRI%fFRUN”"

~eb¥144771400 ©53932301+9Q

*4178l458+00

LOCAL HORJZONTAL TO ;AHERA

~+98479957+00

«17338602+00

10344045=01

«22097986+00

+72319295+02

“e65433918+00

=+88777925400 ~+300125449+00

"163027316%00

~e]7338398+00
«}0378778~01

~+79485363+00

=~+70636036=03

TVI11030809-02
 +99994594+00

Figure 15(a) - First Frame

. CATITJOE  LONGITUDE &

—— 24877 r2de2zy
~23.,824 117.882

. o “29463] llees5] o
~30+630 1230259




CAPQLLD

1577 RIS R=63 MAP 12771 FINT PAGE = 235}
T T T T TTYEARTTUAONTH T DAY WOUR™AINUTE ~SECOND T
S gt 71 B 3y 4 M0s07% . — :
GET ’ T e 9 30 39287
STATE VECTOR X Y z X DoY Yy DorT Z bor
T yesgs0 0 128262721710 645epbi8744 T 148.7116394 1e1071329 TLW9Te8112 T e 704688
SELENOGRAPHIC 8110405426 ~1419.2486420 8413154755 143382519 «s904551 6 -e259532)
TSTGHATSELERTUT T T T T T TebE 1713 «38 « 007 007 e 001
TUONGITUDE ©F NADIR POINT TTTTTS60.2538643 DEG LUATITUDE OF NADIR POINT T ZIAe2T bEG
_ SI1GMA Nap|R LONGITUDE - i «0012194 DEG  SIGHMA NADIR LATITUDE ‘.quglgaAggcz B
LOoNG OF CAMERA AX1S INTERSECT ~ -60+2977018 DEG LAT1I OF CAMERA AXIS INTERSECT 27,2022154% DEG
SPACECRAFT RADIUS - 1838+4409637 KM __  SPACECRAFY ALTITUDE 10043509674 KM
STGMA SPACECRAFT RADIUS 20000207 KM "AZIMUTH OF VELOCITY VECTOR 259.9208641 DEG
HEAN ALTITUDE RATE - o ~+0108467 XM/SEC HORJZONTAL vELOCITY ,MMwﬁ~w“__WMWVJJQQ§1330 KM/SEC
TILT AZIMUTH "230.8914719 OEG TILT ANGLE + +B704033 LEG
_SIGMA TILT AZIWMUTH 21321684 VEG SIGMA TILT ANGLE i 90019929 DEG
SUN ELEVATION AT PRIN GRND PNT ~ =1+189113s DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 89,22905495 DEG
LONGITUDE OF SUBSOLAR PUINT dlell22980 DEG LATITUDE OF SUSSOLAR POINT S 91419648 OEG
ALPHA +7219683 DEG SWING ANGLE 24048578453 DEG
Er1SSION ANGLE +9204064 0EG SIGMA SWING ANGLE P 91321683 DEG
PHRASE ANGLE ‘90.467204] OEC NORTH DEVIATION ANGLE - 1899827919 DEG
PH +7601545 DEG X=TILY _ _ m™e4238113 DEG
$SIGMA PH] «0020000 DEG SIGMA X=TILT i ,002000! DEG
EKAPPA 17040308304 DEG Y=TJLT ~e760}1338 LEG
S1GMA KAPPA +0020001 DEG SIGMA Y=TILT T ,0019999 DEG
OMEGA . -s4238113 DEG HEADING -9949635515 DEG
SIGMA OMEGA N «0020001 DEG SIGMA HEADING “ +0020002 CEG
SCALE FACTOR +00000CQO. _M/KH LASER SLANT RANGE +0000000 KM
SPACECRAFT ALTITUDE(LASER] «0000000 KM ALTITUDE DIFFERENCE -100+3509674 KM
_ SELENCGRAPHIC DIRECTION CCSINES 7 X T Y T T g T T T T T IRAGN T TUDE T (W
" OF (AMERA AXIS - 4491634 76224521 ~s468609071 i 1000363220
T T T e CTRANSFUORMATION MATRIXTFRUR e HATRTX FROW — 7 7~

SELENOCENTRIC TO CAMERA

e69011587+00

-e59151054+C0

TRANSFURHATIUN [
LOCAL HORJZONTAL TGO CAMERA

041695899400

-+98483130+0

0

«417300638+00

o <228398904G0
_ .6B671247+00

W72472198+C0
¢3534018&1+3C

-+650084g0+00
£3528266+00

$17311357+00
+117860%1=01

=< 9848740440
_+9s812071-0

Nyfvysaﬁb?fqa

v132664948~01
V73960386703

T CLATITUTE =7 LGNGTTUBE.
_3or1z1 =57+919 B
¢90268 - =63.746 T
- 24.136 TLETTe37 _ Figure 15(b)
_25s0L7F 0 ~57.C13

- Last Frame

e
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Mission: _ Apolle 15 , Target: Stxmin pghornpraphy i

Rev: 70 , Camera: 3-Inch Mapping Frames: 2351 Through: 2492

. Coverage Interval:
From: _27.2 Deg. S lat., 113.4 Deg. E lLong., To: 27.4 Deg, N - Lat.,65.3 Deg, W Long. -
From: __214 Kr __ 20 Min __18.35 Sec, To: _215 Hr 19  ¥in _32,56  Sec GET
BRSO _1_2[;5 S ’ Pt gt oy ______ e A i B g e e

“INPUT DATA

s Trajectory Tape: ~

wl

. HOPE Version Used: B-6.1 ) ——
Constants Used:

Lunar Pectential Model: 7.1

Epkemeris: _JIPJ, DF 19 (T)nnb]PPrpr-ic:inﬁ)

Libration Model: RTCC (Koziell) = e

P S 1TeAn. A -
Lunar Kadius: 1736.065 Km

Ephemeris-Universal Time Difference: 0,69583333 Min.

Base Time: Yr 1971 Month _7 Day 26 Hr _Q  Min _0 Sec__ 0 _ .

Computation Interval: Computation at ea i1m enmosure time . —

14

Integration Interval: Variable (I1x10_ ~ = £4 Min) —_—

(
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inpertial) : : » .

Time From Base: 228 H, 32 M, 49.06 Sec,

Type: _ One Revolution Solution

Description: This vector was determined from a solution based on a fit of
o -data -from-Rev..70 kquorﬁth¢MSQIUtion,§he,energyTof”qheworbitpwasmcqg§§§gined"hm
to be an analytically determined valpe.

;
H

Units: Cfeet, Second, Degree

- Components:

= 5715995.09 X = _-363.6069
= 363293.87 Y = _-4985.8444 ’
Z = 2051514.40 Z = __1824.5026
o Telemetered Data Tape %,‘5
Data Source: MSFN |
Bit Rate:  Bigh
Date Edited: 10 Dec. 1971
Editea Data TaﬁewNo. A09578 File No.: 1  Location: Bldg. 12, MSC
Remarks: There were no significant gaps in the telemetered vehicle attitude data
employed for this sequence.
§

s’
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day 26 Hr _13 Min __ 34 Sec __(

o Range Zero-Clock Zero Time Difference _ 0.79 Sec
REFSMMAT Used: 0550754 .6626837 . 7468715
—-.2300948 -.7194511 .6553216 -
TGIYe08S T T R 2079433 L2856 T T
{ : . .Camera Positioning“Angleé Used: The angle”from_tbe‘spacecrafc.body X-Z plane
—_— ~ to the camera optical axis (camera positioning angle) was 37.75 degrees.

~Uncertainties Assumed:
+ 1 degree in camera positioning angle

0.2 mrad in each gimbal angle

AT

%#21.2132034 ms film exposure RSS time uncertainty including:
2 in onboard clock bias definition
in onboard clock drift rate definition

in universal to sidereal time conversion

W
oo O
==
w n

H
n
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OUTPUT
General DeEscripeinn:

The output is a listing of two-page tabulations of computed spacecraft state
cemera ovientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range. covered by the . magazine.. . ... ... ..

rormat:

Generally the format will be that shown in Figures 1 and 2. However, when

the calculsted camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substitutsad

for the tabulatioa.

With the exception of jts initial line, the first page of each tabulation is
gelf cxplanatory. The initial line contains six entries that are froh left
to right:

J. Missior title

2. Magazine identification

3. State vecter identification

4.

—

date of data origin
5. Status of data PRE = preliminary, riN = final

6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory evcept
tho photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

CUTFUT Summary:These photo evaluation data are for a sequence of near vertical photo—
graphy starting at 113 deg. E Long., 27 deg. S Lat., and extending WNW to 65 deg.
W Long., 27 deg. N Lat. Throughout the sequence a near zero tilt is maintained
exceeding 1 deg. only. for short iIntervals and never in excess of 2 deg. The
principal intersection point and the vehicle nadir remain essentially coincident
throughout the sequence. )
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P ST

. /;“mh\ i - //' ﬂﬂﬂﬂﬂ i N ";.,c"‘“"“‘«\ T
o ( | ¢ |
%
APOLLG 15 AlS R=70 MAP 12,71 FIN PAGE = 235}
YEAR MONTH DAY HOUR MINUTE SECOND
— N GMT - ”7””1 B - e EahIEEE = S -1 IR XD e —— - e e e
GET 8 22 - 20 184347 ;
6%1%t~*tr%ﬂﬂ~~—"~nf4x~~»~~— B i e S 1 A cypgi 00T —
195040 -1275.,383789] ~6b5,193)122 ~1160«1049347 ~i.1314700 «9512390 6808473
SELENOGRAFRTIC =555 T6009Y ISU7+-996426Y *BYIVBEI5E7 9 [T +HTH5949S 07060%Jb T e 2N87273
SIGHMA'SELENO! _ 1e75 e 98 836 2001 003 000}
LONGITUpp OF NApDIR POINT 113.482171}) pEG LATITUDE OF NADIR POINT =27.1700711 DEg
—54€N*—Nﬁﬁ+ﬂ-¥9N64TUOEW~—w~~~'-“~m~w00+%ﬂ60wDEﬁWWWHM”S}GnkwijfR“hkFL¥wu£wMW~M“~~W~“~WMWﬁ~~TOG8%%?9"0EGW“M
LONG OF ¢aAMERA AX1S [NTERSECT 11344348583 pEG LATI OF CAMERA AX1S INTERSgCT ~2741694436 DEG
—SPrcteRrr—RADTUS B4R T02HETIB XM SPACECRRFTRETITUDE TOVEYINETTT RN
SIGMA SPACECKAFT RapIUS »00001%8 KM AZIMUTH OF VELOUCITY VECTOR 28040127106 DEg
THERNTAETTTUPE—RATE - - o o 009609 KM/ASECT - HORTZONTAL-VELOCITY - - - T T T 6 TTIVST TKMTSET
TILY AZIHUTH 270.84936584 pEG TILY ANGLE ’ «6656582 DEG
TSTGMATE LT AL IMUTH e e 07 | DE G SIGMA TILT "ANGLE " ™ - WO0Z0U0%T DEG T
SUN ELEVATION AT PRIN GHND FhT e 9755068 pEG SUN AZIMUTH AT PRINClPAL GRND 2NT 270_5q18953koga
—tﬂNﬁ+¥UUr~OF—ﬁUESetrR~PﬁTh+“w‘“«“’tw'543ﬁ192~uﬁu~m“"”“L1113095~ﬁf~5U3591xﬂ*Pu‘n| VPSS T4 DEG
ALPHA ~«7076981 pEG SWING ANGLE 2607347488 DEG
TENTSSTONANGLE “e70775%0 pEG - FTGMATSWINGTANGLE ~—  mmm o e NCR YA WA ZA ") ¥ Wl
PHASE ANGLE 89.7321920 ptG NORTH ogVIATlON ANGLE 169.8595354 DEG
e S e 65696 DEG K= IRT , T TTWEIOTTe ST DEGT
YSIGMA P 20019997 pEG SIGMA X=TILTY . +0020003 DEG
SR aPPR - T T S TE VY e 2 pte Liadl 1 573 M - TS Y85 DEG
S1GMA KkaPPA 0020000 pEG SIGMA Y=TILT . 0019997 DEg
COREGA e e ~21071616 DEG “HEADING - - o T T w794 8909619 DEG
SIGMA OmpGa «0C20003 DEG SIGMA HEADING +0020001 DEG
“HCALE-FACTOR- +00C0D00 M/KM LASER- SLANY RANGE T e |~ BUB0000 KM -
SPACECRAFT ALTITUDE (LASER) +000000C KM ALTITUDE DIFFERENCE =109¢7346771 KH
SELENOGKAPHIC ULIRECTION COSIMNES X Y 2 “MAGNITUDE (KM)
R L A e S B RS - - CeaebBYITL mr - =e B} 122240 R 1 R

TREANSFORMATION MATHIA Frot
- - SELENOCENTRIC TU CAMER,

-.AQkh3u9Rfcg

v 213b4520%00
e b8 2547344

RL§23?L?598~MW
» 72547387 +00
~e36810555+00

~eb5418551%00
“eb3 134794+

LAaTITuUuDLE LONGITUDE
~24+4855 117ep22
~23+824 110e903
-29«440 109405
-30.412 li6en72

o) 54656540 G .. ..

TRANSFORMATION MATRIX FROM
LOCAL HORTZUNTAL TO CAMERA -

-417550926+00
v 11615439~01

~+98447595%00
"17104é8J'03

Figure 16(a) - First Frame

09942581

e e Ry 449921400l 7551909400 L4651 29m0
e187p03219%02
!?9993257430
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[CR
STATE VECTOKR X
J9500 123594175873
e BELENQGARBIC ek, 0876267
STIOMALSELEND) 1e7%

LONGITUpg OF NADIR POINT
TTSTGMATNADTR LONGITUGE
LONG OF CAMERA AXIS INTERSECT
—SRACECRAFI-RAQDIUS..
STGMA SPRCECKAFT RADIUS
HEAN ALTHTUDE RATE
TILT AZIMUTH
SieMA TIUT—ALTMUTH
SUN ELEVATION A1 PRIN GRND PHNT
EONGI-TUBE —SUBSOLAR- PO RT
ALPHA
EMISSTON--ANGLE
LFPHASE anGLE
I P”k..,nu.
Or‘51(:1*1;: FH1
TR P P e e e
SIGHA KAPPA
GHMEGA - - -
SIGMA UMLGA
—-SCALE -FaglOR
SPACECKAFT ALTITUDE (LASER)

APOLLU 15 AlS
YRR HONTH
Y

67340732574

4B | 902924

«96

~0G,29%3606

.0012198

~65,31056888
G e} 88} B4 E0F T

0000196
~+0110304
2224669073
L3447401
W5B54769

— 24 40743229

02392623
«3543613
€9a1752548
$2659196
»0019999

B R A R a LR s

0020000

«e2076280
002000

.0000000

R~/0 MaP

LAY
q
8

117741957855
-~ BHHB.3906555

pEw

DEG
DEG

KM -

KM
KM/SEC
DEu
otG
DEG

SDEG -

DEG
DEG
pEG
pEG
DEG
pEL —
DEG
ot G
DEu
M/IKH

«0000000 KM

g - . g
Les71 Fan PAGE = 2492 : i
HOUR  HINUTE SECOWD 1

iz 53 336351 ‘

23 Ly 324556

X voT Y vol Z Do7
11510994 =e 74550634 ~+068589;
S wpe 4179564, -me 7744305 i g &3 T4 T T B

035 .00} oGl «001
LATITUDE OF NAUIR POINT 1274271045 DG
SIGMA NADIR LATITUDE . .00U1998 VEG
LaTl OF CAMERA aX1S INTERSECT 2744124329 0eG
SPAGECRAFT alTITUVE S £03+ 7561035 KN i
AZIMUTH UF vELUCITY VECTUR 260.7845039 Deg i
HORJZONTAL vELUCITY 106327623 KM/SEC |
TILT ANGLE +3344040 DeG 1
SIGMA TILT aNGLE 0019920 DEG ~
SUN AZIHUTH AT PRINCIPAL GRND PNT 19041636629 DEg
LATIYUDE-OF -5LUuS0LAR HOFNT s e b 242649 DEG -
SAING ANGLE 2315951939 OEG

SIGMA Swinag ANGLE Y L3447387 Oeg
NORTH DEVIATION .ANGLE 188.9329472 Dta

A=TiLT T - 2078280 DUG
SIGHA x=TiLt +Uo0z2goo! U
YeT1LT ~ e ZETYITT Ok

SIGMA Y=T LT ;. «0019999 Dig
g%eg}Nﬁeautnu T7eL 1888880 BES
LASER SLANT RANGE . ,UpOD00D Kn

SELENOGRAPHIC DIRECTION COS{nES

B - o i o R

x

-e3r3Tezet o

§

ALTITuUDE DIPFERLN(E 11030756103' KM
Y z 1 HAGNITUDE (KH)
Cw8g2898e3 “sHL44 1096 - d e 0¥ a7 %60

TRANSFORMATIOL MATRIX FROM
— T UUSELENOCENTRTCT 10 CAKER,

TRANSFORMATION MATRIX FROM
- LOCAL’HUR]TUNYAu“towcxhrxl“‘

R sTT19778%%50 =0 ;g iTEYpF 0o —.JqBVZH‘§w00

“-¢9a7879l8’00 "'15515712*00 <5713 Tg¥"02 -

, Tygt 66757+ -0 -+98788 gt 78,9~
“WT%%%VSS;;’O -3;632:?6’08 "23231§1'00 595565 3 9 *4289 ;g-Ug> 89;?83°q’°°
__LATITUUL LONGITUDE ) » - R 3
3ge423 620749
- 29+595 ~68e82Y - : )
249312 -674770 Figure 16(b) ~ Last Frame |
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Mission: __Apolla 15

» Target: South Obligue Strip Photography

Rev: 71, Camera: _ 3-Inch Mepping Frames: _2494  Through: 2623
Coverage Interval:

From: _21.7 Deg, S Lat., 80.1 Deg, E long., To: 24,5 Deg, N_. Lat., 66.1 Deg,W I~ ..

Date Processed: 1/5/72 , APE Version Used: .

INPUT DATA

s Trajectory Tape:

HOPE Version Used: P-6.1

Constants Used:

Lunar Potential Model: 1.7

Ephemerls: IPI DR 19 (Double Precision)

Libration Model: PRTCC (Koziell)

"Lunar Radius: 1733.G9 Kn -

Ephemeris-Universal Time Difference: (,69583333 Min )

Base Time: Yr _1971 " Month __ 7 Day 26 Hr _Q Min _ @ Sec 0

Computation Interval: Computation a2t each film exnosnras ime ) -
. o e e 5 ~14 .
Integration Interval: Verizhle (1x10 — Q4 Min) S

3-97

- -From:. 216 . Hr .28 Min . 36.04  Sec, Tos 217 .. .3+ 18 woudfin 710 ~Seq- GET - oo o -
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e e e e et Gt

Initial State Vector Used:

Coordinate System: _Selenographic (Instantaneous Inertial)

: £
Time From Base: 230 H, 30 M, 56.42 Sec w,f/’g
Type: __One Revolution Solution ‘
, Description: This vector was determined from a solution based on'a fit of
' data from Rev 7L For the solution the energy of the orbit was constrained
f to be an analytically determined value. .
j

}
§ Units: Feet, Secoﬁd, Degree E
' Components:
X = _5729308.51 X = _357 7784 a
Y = _366059.75 ¥ = _-4974.3685 g {
z = 2013057.85 z = 1855.8189 j
e Telemetered Data Tape i F.
Data Source: MSEFN
Bit Rate; High
Date Edited: 27 Dec. 1971
Edited Data Tape No. _A09668 File No.: 1 Location: Bldg. 12, MSC
: Remarks:
£ Telemetered vehicle attitude data are not avallable for the initial nine minutes
' nor for the final minute of this photographic sequence. Valid vehicle attitude
data were available only for the interval 216 H, 28 M, 34 Sec to 217 H, 18 M,
26 Sec (Frames 2514 through 2621).
\
-
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month _ 7 Day 26 Hr _13 Min __34 . Sec __g

Range Zero-Clock Zero Time Difference 0.79 Sec

REFSMMAT Used: 0550754  .6626837 . 7468715

SN -,2300948. . . .-.7194511 . .6553216 ...
.9716085 -.2079433 .1128561

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:

+ 1 degree in camera positioning angle

#0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:
20 ms in onboard clock bias definition

5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time conversion

+ 1+ +
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Generatl Descyiption:

\ ’
| I
. L :
The output is a listing of twu-page tabulations of cemputed spacecraft state - ;
camera orientation and photograph position -and lighting data. Each !
‘vabulation presents the resulbts of computations for a-specified time within the-
range covered by the magazine.
N
Format: : [
/

Generally the format will be that showa in Figures 1 and 2. However, when

the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted
for the tabulation. )
With the exception of its initial lin2, the first page of each tabulation is

self explanatory. The initial line centains six entries that are from left

to right:

1. NMission title

2. Magazine ddentification

3. State vector identification

4, Date ¢f data crigin
5. Status of data PRE = preliminary, FIN = final H
6. Frame number within the sequence

All entries of the sezcnd page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a strip of side oblique photography.
For approximately the initial nine minutes of photographic coverage vehicle attitude
data are unavailable. This is also the case for the final one minute of the sequence.
Only vehicle state vector information are provided at film exposure times throughout
these intervals (Frames 2494 through 2514, Frames 2622.and 2623). Throughout the :
sequence the camera optical axis is directed Southward, essentially normal to the
plane of flight, at a tilt of 40 deg. *0.5 deg. As a result of this camera attitude,
the principal intersection point position falls slightly to the rear and approximately
3 deg. South of the vehicle nadir, with the Southward edge of the photograph above
the horizon. The above horizon photo frame corners are indicated by a Long=000,
Lat=k*%%, :

}
&
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AP O O—15 ISR 71— HxP 27T F N PAGE =251 : -
YEAR MONT DAY HOUR— M NUTE—SECOND
GHT 7y 8 4 14 T2 364839
. GET ¥ e 24 3ETO42
STATE YECTOR X Y ‘= X DoT Y DOT Z Dot
T956v0 743 v6876373 4845854 -t 2 3649639 - 30436 v 159946 v 969571
SELENOGRAPHIC 26047190971 173545970154 -59 2526703 15148414 “eD] 7462} v5820862
—STeomMAtSEreNot v ¥10 VT 000 o002 T LA
CURGTTUDE OF NADITR—POINT &4+ 4569788—DEG AU E—OF —NAD T R—POENT ~133703$%7G oE6
SIGMA NADIR LONGJTUDE +0010579 DEG SIGMA NADIR LATITUDE 1»0D04370 DEG
TLONGOF T CAMERA AKX TS INTERSECT 80v09eIT920ES TR T OFCAMERAAXTS —INTERSECT -2t 7297305 DEG
SPACECRAFT RADIUS 1852¢94564635 KM SPACECRAFT ALTITUDE 11498556671 KM
S oMA—SPACEGRAFEF-RADIUS +0000203 KM ALINRUTM OF VELOGIIY VECTIOR 292,35785706 DEG
MEAN ALTITUDE RATE +0082373 KM/SEC HORJZONTAL VELOCITY ﬁ06228937 KM/SEC
AT A R TH 2@y 58048 0EG FHHA—ANGLE B
SIGMA TILT AZIMUTH +0030974 DEG SIGMA TILT ANGLE '«002000)3 DESG
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EMISSION ANGLE 43¢4967542 DEG SIGMA SWING ANGLE 0030972 DEG
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ITEMA K APPR YOO02% 189 UEG ST OMA—Y= T 11T 00T YYYT T UEG
OMEGA ~40+2142863 DEG HEADING 6703417788 DEG
STOMATUMEGR VO0020U03I 0EG STGMANERDTNG 0020000 0EG
SCALE FACTOR +0000000 H/KH LASER SLANT RANGE 40000000 KM
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~e26l546850+C0 t6839303é*00 '68104415’00 -992281920+00 238523326+00 {}695?6330'05
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AP OO —i 6 gt 5 R~ T I— Mot —F 2/ T | N PAGE 2624
Y EAR—HONTH DAy HOUR— - NUTFE—SECOND -
GMT 7} 8 4 14 52 7,898
- - - GE-T- - - - 9 § ——}-8 T O i
STATE VECTOR X Y b4 X 007 Y pborv Z bor
S G 245470435 —— 68841044810 73+ 9053650 46 0414 + 9475880 D L WS TR
SELENOGRAPHIC 64745558277 ~1501+86505]3 847333641} ~194344566 ~sTH12194 ~e2412677
516 MA-SEENO tv7FF V73 38 vOO1 o3 OO
i , “EONGHT VO E—OF—NAD I R—POINT b v T 588ITDEG AT TUOE -0 NAD I RPN T IS PBER G- P EG
SIGMA NADIR LONGITUDE «0012186 DEG SIGMA NADIR LATITUDE ‘ «0002121 UEG
CONG—OF—CAMERA A XTSI NTERSECET i 22O E Gt AT OF - CAMERA AX S INTERSECT 2T eSS OE G
SPACECRAFT RADIUS 1849149830322 KM SPACECRAFT ALT|TUDE 10348930359 &
SIGMA_SRACECRAET _RADIUS 20000234 KM AZIMUTH. _OF VELOC]IY NECTOR - A 606201887 _0EG
MEAN ALT]TUDE RATE -+0109193 KM/SEC HORJZONTAL VELOCITY © 166325029 KRM/SEC
R A S YT 055867 39-BEG FHeF—ANGLE— e 4 By2558537 VEG-- -
SIGMA TILT AZIMUTH +0030947 DEG SIGMA TILT ANGLE » 0020703 DEG
w5uNwEtE¥1*+ﬁN~i+~PR+N~GRNB—#N4~~--14494j45Mﬁ€ﬁ-~v~-$UN~*%fMU¥H~A%-PR+N€+P%tm@RﬁD“PNWMWﬁﬁ9UvQG¥Q$OJ UG-
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WPHASEANGTE PEvE82 IOt DEG——— NORTH—PEV AT ON—ANGLE T b2 eI REe——
= PHI »10503903 DEG XeTILT =40, 2558346 DEG
RS TOMA—PH1 v0024 203 DEG— S 1EMA—Jw T LT - - T e 2 083 D E G
KAPPA 17026366558 DEG YuTILT 20384862 DEG
TITOMATK AP PR V0026205 DEG STOMA Y T LY VOUTPY YOG
OMEGA ~40+2558346 DEG HEADING 974395912 CEG
~ 2TGRATUREGA #0020003 DEG STGHA HEAUTNG ST YDUZ00UD DEGT
SCALE FACTOR ¢0000000 M/KM LASER SLANT RANGE «0000000 KkH
TSPATECRAFT ALTTITUDETLASERT YO0 00000 " XH ALTITUDE DIFFERENCE .4.‘,:,_:_;{,0,3_.1“‘33.5,?.,.,Kr_-.,.,,
— S ENGERAPHIC—BHRECTION—COSINES - —% ¥ e MAGNET YD b f K M—e
0F CAMERA AX]S -+05485425 1394974833 271706423 139+1856547
e T RANSFOR MAT-ON—MA TR A RO M FRANSFORMATFON—MATRIX—FROM o e
SELENOCENTRIC TO CAMERA LOCAL HORJZONTAL TO CAMERA
170612212400 =+57798845%00 ~+40704865%00 "9986582355+00 *+146325547400 <e67118726%0)
- OO0 S 306400 v 94992 39+pp v 497650 v 24 e 32800 v 7827985900 vONE20TET00
137545668400, *¢]84]6412+00 +90835887+00 *e 1060013800 176316645400
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Mission: _ Apollo 15° : , Target: _Strip photography

{ ',;_Rev: .__7'2_____, Camera: 3-Inch Mapping Frames: __215_2_’3__’._____ Through: 2752 L
e Coverage Interval: “
From: _26.8 Deg. S Lat., 109.7 De.g. E Long., To: 27.3 Deg, N Lat., $8.0 Deg.W Long.
Fremr 2187 UHFT17 Min 46.74  Sec, To: 2197 HY 16 Min 38,97 se¢ cET '
/  :Date Processed: 12/14/71 |, APE Version Used: ___7 ,
INPUT DATA
( ® Trajeutory‘ Tape:
- HOPE Version“.Us;ed: B-6.1
Constants Used:
’ Lunar Potential Model: _J-1
Ephemeris: _JPL DE iq (Double Precision)
; Libration Model: RTCC (Koziell)'
Lunar Radius: 1738.09 Ka
£ Ephemeris-Universal Time Difference: 0,69583333 Min,
S Base Time: Yr 1951 Month 7. Day _26 Hr _Q Min _ Q0 Sec __ 0
; Computation Interval: _Computation at each film exposure time
? Integration Interval: _Variable (1?10—14 — (4 Min)
C
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Initial State Vector Used:

Coordinate System: _Selenographic (Instantaneous Inertial) %
g

Time From Base: 232 H, 29 M, 2.0 Sec-

Type: _ One Revolution Solution

”Dé§éfi§fidn?*”THi§‘VEbtor“was“determined"fromwa*solution~basedwonwawfit«ofw-~w»
data from Rev 72. For the solution the energy of the orbit was constrained
to be an analytically determined value. :

Units: Feet, Second, Degree

Components:

X = _5743623.34 ‘ X = _-352,7828
Y = 366342.93 ¥ = -4962.4335 .
7z = 1975192.34 7z =  1885.7199
S
Telemetared Data Tape L
Data Source: MSFN
Bit Rate: High
Date Edited: 9 Dec. 1971
Edited Data’Tape No. A09668 File No.: 2 Location: Bldg. 12, MSC
Remarks: There are no gimbal data for the-interval 218 H, 19 M, 0.5 Sec - 218 H,
20 M, 56 Sec (Frames 2626 through 2630).
\
{éi
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e APE Card Inputs:

Time Of Lauach: Yr 1871 Month _7 Day 26 Hr _13  Min 3§ Sec _ 0

B Range Zero-Clock Zero Time Difference - 0.79 Sec
REFSMMAT Used: 0550754 .6626837 . 7468715
~. 2300948 -.719451L - .6333216 L
T IQIIe08E T L 2079433 7 7 1128561 T o o '
{ ' Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
e to the camera optical axis (camera positioning angle) was 37.75 degrees.

Uncertainties Assumed:
*t ] degree in camera positioning angle

$0.2 mrad in each gimbal angle

P

e $21.2132034 ms film exposure RSS time uncertaihty including:
320 ms in onboard clock bias definition
* 5 ms in onboard clock drift rate definition
+ 5 ms in universal to sidereal time conversion

{,

RN
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OUTPUT

Ceneral Duscriptibn: : ’ ) %
The output is a lisiing of. two~pagu tﬁbulatiuns of computed spacecraft state nad
camera orientation and photooraph position and l;ghtlng data. Each
tabulaticn present, the resultb of computatloﬂs for a specified time within the
: ”fange PR E by o mag321ne . o g e = s e i i R
Format: : fg

Genera;ly the fo1n1t will be that shown in Fxgureo l and 2. waever; when

the calcu;atnd caworﬂva1m1ng d1roct1on is .above the lunar horlzon, a message

to that effect along with the computed valuc of the tilt angle are substituted

for the tabulation. , ' )
With the exception of its initial line, the first page of each tabulation is

self explanatory. The initial line contains six entries that are from left

to right:

1. Mission title

2. Magazine identification

3. State vector identification

(51}

4. Date cf datz origin

. Starus of data PKRE = preliminarj, FIN = final

5
6. Frame number within the sequence

All entries of the sccond papge of each tabulation are self exwplanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a strip of near vertical photography
starting at 110 deg. E Long., 27 deg. S Lat., and extending WNW to 68 deg. W Long.,
27 deg. N Lat. Omitted from the sequence is the region 106 deg. E Long. — 99 deg. E
Long. (Frames 2626 through 2630) where vehicle attitude data are not available.
Throughout the sequencz a near zero (less than 1 deg.) tilt is maintained so that the
principal intersection point and vehfcle nadir remain essentially coincident.

3-106




/‘"‘“\ ,._w“"w\ > o \ s N -
{ { {f ¥
i
APOLLO 15 AlS R=72 MAP 12/7) FN PAGE = 2623 i
YEAR MONTH DAY HOUR HINUTE SECOND :
GMT 7] 8 Y 15 51 474534
GET 9 2 1é 464736 o
STATE YECTOR X Y X Dorv Y Do7 Z 0ov
19800 =1307+8762970 “637¢7938309 =1137.4284973 *1+1027500 019654740 27093505
SELENOGRAPRHIC “554,6697540 1551744086 »833.7646072 Jed4b62454 v 677343 v 2682047
SIGMALSELENQ] 1280 2B 1492 1001 1001 v 00}
LONGITUQE OF NaAplR POINT 10926693954 nEG LATITUDE QF NADRIR POINT =26,8429580 DEG
SIGMA NADIR LONGITUDE 0012007 0EG SIGHMA NADIR LATITUDE 20002403 DEG
-LONG OF CAMFRA AXIS INTERSECT 1096543150 DEG LAT] OF CAMERA AX]S INTERSECT #26483]16023 DEG
SPACECRAFT RADIUS 18496+906845] KM SPACECRAFT ALTITUDE 108+.8168182 KM
S]GMA SPACECRAFT RADIUS 20000253 kn AZIMUTH OF VELOCITY VECTOR 28048312378 pEg
FEAN ACYITUBDE RATE vUTU8qUZ KH/SET RURTZUNYTAL VELOCTYY : Tv82B2ZYUT RN7SEC
TILT AZIMUTH 3101609573 DEG TILT ANGLE 9281247} DEG
SIGMA TILY AZIMUTH 241249739 DEg SIGMA TILT ANGLE 00019795 DEG
_SUN ELEVATION AT PRIN GRND PNT 2:5609217 DEG SUN AZJMUTH AT PRINCIPAL GHKND PNT 271e431404) DEG
LONGITUDE OF SUBSGLAR POINT 22588980 DEG LATITUDE OF SUBSOLAR POUINT Te 1203513 DEG
ALPHA =+¢2331212 DEG SWING ANGLE 298465682680 DEG
EMISSION ANGLE 12988709 DEG SIGMA SWING ANGLE e 129729 DEG
PHASE ANGLE e 8706721859 DEG NORTH GEVIAT]ON ANGLE 16804905052 DEG
WPHI ©2467691 DEG  X=TILT TTUNTINEETYUEG
fﬁJGhA PH1 .. +0019992 DEG ___SIGMA XeTJLT ~ /»0020008 DEG
SKAPPA ~16Be49662354 DEG YeTILT 02467684 DEG
_SI1GHA KAPPA +0020000 DEG SIGHA Y=TILT 0019992 DEG
OMEGA 11348479 DEG HEADING =7804972172 DEG
_SI1GMA OMEGA 0020008 _DEG SIGMA HEADING 740020000 DEG -
SCALE FacToOR +0000000 M/KM LASER SLANT RANGE w0000000 KM
~SPACECRAET ALTITUDE (LASER}) ~_m,_w_ﬁw,_4QﬂDQQQD KM ALTITURE DIFFERENCE ‘108'8163881 KM
SELENOGRAPHIC DIRECTION COSINES X Y b4 ‘ MAGN|TUDE (KM)
— 7 OFTCAHERATAXTIST R B A ¢ S I AT X X I ARt TYSYISELE ) 108818222 —-

TRANSFORNATIUN MATRIX FROM

"678!3917'00
+20848753%0p

SELEN@CENTR—[C YOCAHERRE T

TRANSFURMATION MATRIX FROM

Cv58516353+00
+73333368+q¢

‘4446468400
Te64711248%0n

LOCAL HORTZONTAL TO CAMERK ™

497590587+ 00
~e]19942498+00

“e97991022+00

=+ 70474123%00

=+34612908%0p ~e6193p)66%g0

©37509993-02

"e3]654652%g2

TVH3069077%02
T223528868-02
7299998800400

. WATITUDE  LONGITUDE
~28+75) J06*345
T =23.923 1074573
m24.873 0 112.920
""""" =29.78¢4 T893 o

Figure 18(a) - First Frame




APOLLO 15 -als
' . . YEAR  MONTH
GMT 7} 8
GETY
STATE VECTOR X Ty

19500

SELENOGRAPHIC
SIGMAISELENO)

1246+9345856 6854875 |44

6140098801 1517898590}
le?79 7 A'Q‘?”M

LONGITUDE OF NADIR POUJINT
SIGMA NAGIR LONG!TUDE

LONG OF CAMERA AXIS INTERSECT
SPACECRAFT RADIUS

~6709760246
'0012]63
~6840475140
1842+5639548

SIGMA SPACECRAFT RADIUS ¢ 0000249
MEAN AUTTYUDE RATE ~ o e 0707217
TILY AZIMUTH , 275+6721077
SIGHA TILT AZIMUTH v107443]
SUN ELEVATION AT PRIN GRND PNT -e0649719
LONGITUDE OF SUBSOLAR POINT 22+0870531
ALPHA 1+1200259
EMISSION ANGLE 11258532
PHASE ANGLE 88¢9449348
PHI 120248767
SSIGMA PHI +0019997
DK APPA 17044845028
1A _KAPPA ~ +G020000
2782438
SIGHA OMEGA « 0020003
SCALE FACTOR +u000000
SPACECRAFT ALT|TUDE(LASER) +00000

SELENOGRAPHIC DIRECTION COSINES X
OF CAMERA AX1S =4y39059170

TRANSFORMAT|ON MATRIX FROM
SELENOCENTRIC TO CAMERA

l1625906%00

o7 -e57198884+%00
©2]1132286%p9

[

L]

'72373554009

"+39%75192%00
~e65692427%0g

NS B e

R=72 MAP 12/71 FIN PAGE = 2782
DAY HOUR MINUTE SECOND
-4 T g T3S ET" — ; e
3 3 16 384921 ‘
z x oov 7 Y ovarv LUUOT
117002723755 1e1421508 -~y 948408 | C s 6779497
844,9957275 ~1el4491962 ~,7095428 Y L L RU ]
3% w001 AL S A
VEG LATITUDE OF NADIR POINT 2712966592 DEG
DEG SI1G6MA NADIR LATITUDE UL 00021084 pEG
DEG LATI OF CAMERA AXIS INTERSECT 27302950} DEG
KH SPACECKAFT ALTITUDE 10444739380 KM
KH AZIMUTH OF VELOCITY VECTOR 2604748230 VEG
KM7SECT T"HORTZONTAL VELUCITY R TV EYTYBYT KM SECT
DEG TILT ANGLE 100619926 DEG
DEG SIGMA TILT ANGLE +0020089 0EG
DEG SUN AZIMUTH AT PRINCIPAL GRNU PNT 8948324814 DEG
DEG LATITUDE OF SUBSOLAR POINT .~ W 1i90506 oEG
DEG SWING ANGLE 285.1897354 DEG
DEG  S|GMA SWING ANGLE T 1074429 DEG
DEG . NORTH DEVIATION ANGLE 189455]6589 0EO
DEG X=TILT $2782438 vEG
DEG SIGMA Xx=TIL7T +0020003 DEG
DEG Y=TILY -1 e02488647 pEG T
DEG SIGMA Y=T (T £0019997 otG
DEG 7 HEADING T o LY SZOUTIZDEG T
LEG SIGMA HEADING 0020003 ULEG
M/KM LASER SLANT RANGE JOOG0000 wxm
00 KM ALTITUDE DIFFERENCE _~104147393qo Kb
: Y z MAGNXTUDE (KM1
81751814 Y Y LARY:] fUYVHV2966

TRANSFORMATION MATRjXIFROM

T =e98404873¢00
¢ 16531248+00

LOCAL HORTZONTYAL 1O ciacnu T

114537360900
'098622923000

'1783630l“03-~_.
~1485625)2-92

6506810%00  +38605127400  v63925654%p0

LATITUDE LONGITUDE
4ye548 -7
e = 187 T T <71wo08
300060 654612
R 254250 “64¢80]

([

o,
s -

«184431g0~01

~0]8)17990°02

$79982829+D0 -

Figure 18(b) - Last Frame




4.0 APOLLO 15 24-INCH PANORAMIC CAMERA DATA

Missicn: _Apollo 15 , Target: _E;TJ_QL'a’:zf::._ﬂix‘.ip_l)iw;,ojj‘ﬁp"m -
- Rev: 4 : R Camera:-Zi Inch Panoramic  Frames: 8844  Through: 8944 _—
Coverage Interval: “
”f”Fféﬁf'W2571;Q§§i;§;wL5tT;”;]B;BLDQgL;EiTLUﬁgT,“WTﬁﬁ““kv:
{ From: _ 84 Hr 42 Min m___‘;*ec, To: 84 Hr 54 Min 15,25 Sec GET
e Date Processed: 12/7/Z}___, APE Version Used: 7. _ |
INPUT DATA
- ° Tréjéétory Tape:
HOPE Version Used: _p-g_ ] ' _—
Constants ﬁsedzl’ . ‘ |
) Lunar Potential Model: -3
ﬁphemeris: _JPL DE 19 {Dﬁnh]e Precigian) —
Libratfon Model: RTCC (Kuziell)
{ Tuanar Radlus 1722,09 ¥n N
- Ephemerié~Univérsél Time Difference: 0,69583332 iin.
Base Time: Yr 1871 Month _7  Day 26 Hr _g _ Min _O__  Sec.__ 0. ____ .

Computation Interval: Computation at midpeoint of =ach camcra sween. P

Integration Interval: _yariskle (1x1C ~* - 64 Min.)

s
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Ipertial)

Time From Base: 99 H 11 M 34.160 Sec.

Type: One Revolution Solution

..Description:  This vector. was determined from a solution based on a fit of =
data from Rev 4. For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree %
Components: %
X = 5175791.43 X = _582,8512
Y = _330685.92 ¢ = 5508.7802 -
Z'= _2492551.4 Z=_371.0212
e Telemetered Data Tape " » iséé %
Data Source: Station tage |
Bit‘Rate: High
Date Edited: _]1 Sepr, 1971 ,
Edited Data Tape No. _ 409550 Fpije No.: 1 Location: Bldg. 12, MsC
Remarks: There were no significant data.gaps in the telemetered vehicle attitude
data employed for this sequence.
-
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APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day _26  Hr 13 Min 34 - Seec .- Qo

Range Zero-Clock Zero Time Difference 0,79 Sec
REFSMMAT Used: .582563 4761836 .6586878
e gt e e me2518852,, . ..—.6647384 . . . .7033325
.7727705 -.5756492 -.2673084

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis when positioned for vertical or 'mono” photography
(camera positioning angle) was 37.75 degrees.

The angle between the camera optical axis central nosition and its Fore or
aft’ positions (exc¢ursion angle) was 12.5 degrees.

Uncertainties Assumed:

t 1 degree in camera positioning angle

+0.2 mrad in each gimbal angle

+21,2132034 ms film exposure RSS time uncertainty including:
20 ms in onboard clock bias definition

5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time conversion
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OUTPUT

Senreras tescripolous

The output is a listing of two-page tabulations of computed spacecraft state
camera cyrientation and photograph position and lighting data. Each

tabulaticn presents the results of computations for a specified time within the

Format:

Generally the formzt will be that shown in Figures 1 and 2. However, whzn
the calculated camera aiming dirocction is above the Iunar horizon, a message

to that effect aleng with the computed wvalue of the tilt angle are substituted

pa—— <

With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

N
N

Magazine identification

3. State vector identification

- 4. Date of datz origin
5; Status of data PRE = prellminafy, FIN = tinal § %
6. Frame number within the sequence s

All entries of the second page of each tabulation are self explanatory excepl
the phctograph frame corner locations. These appear above or below the

cor re;por&lng fran° corner number on the left-hand side of the pag

. QUTPUT Sbr;mxsﬂThese photo evaluation data are for a strip of panoramic photography

: starting at 178.3 deg. E Long., 25.1 deg. 8 Lat. and ending at 141.9 deg. E Long.,
16.5 deg. S Lat. The coverage from 178.3 deg E Long. to 169.6 deg. E Long. (Frames
8844 through 8857) was vertical - over the remainder of"the sequence the camera was
in its oscillating mode starting in its forward position at Frame 8858 and ending

~in-its forward position at Prame 8944,

<

i
5
i




- NN s . v

e aPoLLO ;5 AlS R=4 PAN 2/7] FIN PAGE - 8844
YEAR MONTH PAY HOUR MINUTE SECOND
GHT 71 7 3o 2 T8 58+433 -

— GET 3 12 42 570642 ‘ :

STATE VECTOR X ) Y : o X DOT Y DOT T ZpoyTT
. )%50.0 14010300140 “5684339157) ~1047:4143677 - 940157 1+1211%26 «680344]

SELENOGRAPHIC *~1665,0387573 48.2216115 ~779.9307432 ~.0208812 1 6028625 T TE4EBG
_SIGMA{SELEND) 203 le98 «23 «002 «000 « 00}

_LONGITYDE OF NADIR POJINT 178,3411064 pEG LATITUDE OF NADIR POINT’ ~25,0899169 DEe

S1GMu NADIR LONGITUDE +00118%5 pEG SIGHA NADIR LATITUDE SU00TYTY UEG

LONG OF CAMERA AX1S INTERSECT  178,3080826 DEG LAT] OF CAMERA AXIS INTERSECT *25+0991023 DE6

SPACECRAFT RaOIUS

_S16MA SPACECRAFT RADJUS

-9

1839, 2855377 KM
,000003g KM

TTSPACECRAFY ALTITUDE o = e
AZIMUTH OF VELOCITY VECTOR

TOTeTYSBTOY KM~
27649711609 PEG

HEAN ALTITUDE RATE
TILI _AZIMUTH R
SIGMA TILT AZIMUTH
SUN ELEVATION AT PRIN_GRND PNT

= 0177414 KM/SEC
25249166775 DEG

HORJZONTAL VELOCITY
TILT ANGLE

126135138 KM/SEC
053732} OEq

«2142239 pEG
1.8%08682 pEg

SIGHA TILT ANGLE
SUN AZIMUTH AT PRINCIPAL GRND

«0019%271 DEG

PNT 2711713409 ODEG

LONGITUDE OF SUBSOLAR POINT

90,5172310 pEe

_ALPHA

PHASE ANGLE

~+5400218 DEg

LATITUDE OF SUBSOLAR POINT +258156] Dt

SWING ANGLE

24546706505 PEG

EMISSION ANGLE +568637} DEG

88,649145]1 DEG

SIGHMA SWING ANGLE
NORTH DEVIATION ANGLE

“e2142238 DEG
17247396191 DEG

SPACECRAFT ALTITUDE (LASER)

..»0000000 KkH

SELENOGRAPHIC DIRECTJON COSINES .y
OF CAMERA AXIS. 90665117

_ALTITUDE pIFFERENCE

PHi +4895799 DEG X=TILT T Tea 2213493 DEG
S1GWA PHp N _»0019999 DEG  SIGHA XeT|LT 20020001 DEG
KAPPA ~172.7552643 DEG Y=T1LT “2 3895742 DEG
SIGHA KAPPA +0020000 DEG SIGHA Y=TILT 0019999 DEG
OMEGA =e2213493 DEG HEADING ~82.7533493 DEG
S1GHA OHMEGA N _+0020001 pEo SIGMA HEADING »0020001 DEG
SCALE FACTOR +000DDDD H/KM LASER SLANT RANGE T LUD0000G KN T

‘jxox 1955109 KM

MAGNITUDE (KM)
YT I01vV200226

TRANSFOPRMAT]ON MATRIX FROM
SELENOCENTRIC TO CAMERA

~+59879788+00
225964424900

TegB565332¢400°
+655083664+0p

«41390897+00
-.70954221+0g

TRANSFORMATION MATRIX FRON
© LOCAL HURTZUNTAL TU CAMERA " '

’012610695000

= 7576450400 =*31740332+00 -.57028870%0g

+89636398~02

TaTZ813406%00°
=2199200907+00
0275457188072

+BEHHETIT®02 -~
«38632650%02
BERAAA LYY XAd ]

Figure 19(a)

— First Frame



i APOLLO |5 _ALl5 R=4 PAN 12/7) FIN PAGE = 8944
YEAR MONTH DAY HOUR MINUTE SECOND .
o GHT 77 TV z 78 L B — : —
GET » 3 12 54 150249
STATEHVEETdﬁm ) “x *”‘”“‘“‘y‘“' > “'”'”“X_DOT*“”'"“”"'”Y poT oot
195040 ~175149239502 246413280869 ~428¢6016655 ~,059036% 142097896 }e0920188
SELENOGRAPHIC ~1381.5800171 10637 i3i 168 ~B24s024023% T TUVEI27674 T 1 v2v0ivIe 540625
wﬁiLﬁnAiiﬁLﬁﬁQJ, | XK 140 2168 « 001 « 001 200
LONGITUDE OF NADIR POINT 142.4215794% DEG LATITUDE OF NADIR POINT '1607306933 REG
SIGMA NADIR LONGITUDE T 6018889 DEG T CSTGHA TNADTR CATTITUDE - ==~~~ - TLO0UIeY T DEG T
LONG OF CaMERA AX1S INTERSECT 141.85%46124 DEG LAT] OF CAMERA aXls SNTERSECT ~16¢5322664 DEG
SPACECRAFY RADIUS T80, 3335724 KW T T SPACECRAFT ALTTTUDE — o ‘B2Ze2HIBUSE KM
_S1GMA SPACECRAFT RAD]US .0000080 KM AZIMYUTH OF VELOCITY YECTOUR 290.1758499 DEg
MEAN ALTITUDE RATE ’ »,0366908 KM/SEC HORJZONTAL VELOCITY ) VY EI038T ) CRHISET
TILT AZIMUTH . 289,984]1003 DEG TILT ANGLE 1200292675 Deg
SIGMA TILT AZIMUTH .dﬁ§§$7¢ DEG 7 7 STeMA TILT ANGLE ™ JO019%98 DEG
SUN ELEVATION AT PRIN GRND PNT J6,610072) pEG SUN AZIMVUTH AT PRINCIPAL GRND PNT 283.08376931 LEG
LONGITUDE OF SUBSOLAR POINT 90,4213762 pEg LATITUOE OF SUBSOLAR POINT ".2580082 0Org
ALPHA - e »1245360638 DEG SWING ANGLE 109.6926%18 DEG
EMISSION ANGLE 12.60746188 DEG SIGMA SWING ANGLE o 20095974 OEG
PHASE ANGLE . 85.,9141369 DEG NORTH DEVIATION ANGLE 15909943104 DEG
& PHI 12,0290976 DEG XeT1LT B ~+0640437 DEG
o SIGMA PHI . 20019999 oEu”mmw,“szan XeTILT i +0020001 DEG
KaPpA =1B9.7153649 DEG Y-TILT ~12+0290903 DEG ™
AAAAA S51GMA KAPPA o 20020000 DEG SIGHA Y«TILT 0019999 DEG
OMEGA ’ ~.0640437 DEG HEADING T RSV TOTIUSY DES
S51GHA OHEGA «0020001 DEG SIGMA HEADING s 0020449 Deg
SCALE FACTOR +0000000 M/KM ~ 7 TUASERTSUANT RANGE™ ™~ 0000000 KK

SPACECRAFT ALTITUDE(LASER)

20000000 Kn

_ALTITUDE DIFFERENGE

~52c2u35155 KM

S[LENOGRAPHIC DIRECTION COSINES X
OF CAMERA AXIS

+ 84550076

Y
CEAEINTTEI

Z‘
TeI4VT 63867 T

nAGNxTuoc (Kn:

“8YViBOsDY

—— _TRANSFORMAT]ON MATR[X FROM
— SELENOCENTRIC™TO CAMERR ™

»e25767538egp
926415783400

¢ 7555789490
166547001200

+6023164 %0
*e70822898¢0p

TRANSFORMATION MATRIX FRON

LUTALU AURTZUNTAL 50 CANMERA T

TTTTTTTeR T TIgNT Y TR IIY2Y0IdCUY
~+93798123+00p

Pa34668Y411+00

=+233B3056%0]

=V I6827523%00

RR2 2 IV EEET]

s I 122820507

el1177727%02

“20840828%0g

-

Figure 19(b) - Last

"t

Frame

e .
Fpper”
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Mission: Apollo 15 e y Target: _Paporamic Srrin Photogranhy o e
1Rev:_ﬂﬁ_}§~__d Camera: 24 Inch Panoramic Frames: _ 9066%* Through: 9151

" Coverage Interval:

From: _5.7 Deg, S Lat., 105.9 Deg. E Long., To: 9.& Deg, N  Lat., 72.97 Deg, Elong.

LT upp— 387727 T SEE, TEE LOETTHE I MR eSS SRy app o v

. Date Processed: 12/14/71 _, APE Version Used: 7 .

INPUT DATA

e Trajectory Tape:

HOPE Version Used: pg 1
Constants Used:

Lunar Potential Model: j—3

Ephemceris: _JPL DE 19 (Doub]p;PrPriginn)

Libration Model: RTCC (Koziell)

Lunar Rzdivs: 17328.00 Knm

Ephemeris-Universal Time Difference: (), 695833313 Min

Base Time: Yr l§71 Month 7 Day _26 _Hr _g  Min 0 __Sec _ 0

Computation Interval: Computation at wmidpoint of each camera_sweey

14

Integration Interval: _wyariahie (1x10 - 64 Min.)

* Photo ébvéfagé starts at 139 deg. E Long. (Frames 8945). Only state vector data
are provided for Frames 8945 through 9065 since vehicle attitude data are not
available for the time interval of those photos.




Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial)

Time From Base: 120 H, 14 M, 39.2 Sec,

Type: __QOne Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 15 . For the solution the énergy of tlig orbit wds constraimed
to be an analytically determined value. ,

Units: Feet, Second, Degree . : '

Components: §

X = 5417171.14 X = 332.4323
Y = 364576.69 ‘ ¥ = -5354,1936 ’ i

Z = 263,255.82 %= 14,8552

e Telemetered Data Tape

Data Source: Staticn

Bit Rate: High

Date Edited: 8 Dec. 1971
Edited Data Tape No. A03550 File No.: 2 Location: Bldg. 12, MSC

Remarks: There are no telemetered vehicle attitude data for the early part of this
interval. 105 H 54 M 15 Sec — 106 H 6 M 37 Sec GET (Fms 8945 through 9065)

Y




TN

&

&

APE Card Inputs:

Time Of Launch: Yr 1971 Month __ 7 Day _26 Hr _ 13 _Min _34 Sec _ p
Range Zero-Clock Zero Time Differernce 0.79 Sec
REFSMMAT Used: .582563 : 4761836 6586878
-.2518852 -.6647384 . 7033325
v von TA2TTOS0 oo 5T 56692 =2 (73084 s e e
Camera Positioning Angles Used: The angle from the spacecraft body ¥-Z plane

. . - t f
to the camera optical axis when positioned for vertical or "mons

photography
(camera positioning angle) was 37.75 degrees. :

The angle between the camera optical axis central position and its fore or
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:

* 1 uegree in camera positioning angle

20.2 mrad in each gimbal angle

+21.2132034 ms film exposure RSS time uncertainty including:

20 me in onboard clock bias definition
d

0 i
5 ms in onboard clock drift rate definition
5 ms in universgal to sidereal time conversion

H 4+
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OULPUT
Ceneral Descripcion:

The output is a listing of two-page tabulations of computed spacecraft state
camera orientarion and photograph pesition aad lighting data. Each

tabulation presents the results of computations for a specified time within the

rangé co " by the magazine.

% :
Format. : H ) i
& &
L4
- Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulation. , .

Witt the exception of its initial line, the first page of eazh tabulaticn is
self explanatory. The initial line contains six entries that are from left
to right: : i
1. Mission title . i
2. Magazine identification ;
3. State vector identification

; Ve .
Pate of data origin

Eol

. Status of data PRE = preliminary, FIN = final

(" ANV

Frame number within the cequence

411 entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPET Summary:  These photo reduction data are for a sequence of stereo and
vertical panoramlc photography starting at approximately 139 deg. E Long. and
ending at 73 deg. E Long. (Frames 8945 through 9151). Only state vector data are
provided for the first 121 frames (8945 through 9065) where gimbal data are
not available. Photo evaluation data are then provided for two sequences of
stereo photography; for the coverage intervals 105.9 deg. E Long. through 98.5
deg. E Long. (Frames 9066 through 9087) and 83 deg. E Long. through 73 deg. E
Long. {(Framss 9119 through 9151). 1In addition, data are provided for the
vertical coverage from 99 deg. E Long. through 81.7 deg. E Long. (Frames 9088
through 9118). Coverage starts near 5 deg. S Lat. and extends in a direction
slightly North of West to near & deg. N Lat. The corner points of the inner
and outer fields of view provided in the data are in error.

¥
%
{

4-10
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— APOLLO 15 AlS _R=15 PAN 12771 FIN PAGg = 9066
N _ L YEAR _ MONT. DAY HOUR__MINUTE SECOND }
GgHT 71 7 30 23 40 3190513
6T 4 0 - 380749
ST,Tg VgECTOR X : y bd X poT ; poT F3 081
18550 “16379348297 85203062744 19743863754 16419267 29658969 12130873y
SELENOGRAPHIC -480,8857307 178542321014 ~172¢9541378 13970648 4404762 6913487
SIGHAISELEND) 1e73. 55 89 +000 «002 +000
LONGITUDE OF NADIR POINT 105,0758610 pEg LATITUDE OF NADIR POINT ~5434424925 DEG
S1GMA NADIR LONGITUDE ’ ' 0009793 pEG SIGMA NADIR LATITUDE .0004830 DEG

1I-%

LONG OF CAMERA AX[S INTERSEC 105,8635464 pEG LaTl OF CAMERA AX1S INTERSg(T “5¢72}3563 DEG
SPACECRAFT RADIUS ’ 185649377441 KM SPACECRAFT aALY|TUDE 11848477173 KN
SIGHA SPACECRAFT RADIUS ...28000048 kM AZIMVYTH OF yELOQCITY VECIOR 29903734512 DEG,_.__ .
MEAN ALTITUDE RaATE ~+0027184 KM/SEC HORIJZONTAL VELOCITY T1e6197748 KM/SEC
ALY AZIMUTH 1157252741 DpEG TILYT ANGLE 124992284 NDEG
SIGMA TILT AZIMUTH 0092410 pEG SIGMA TILT ANGLE . «00200vu0 VEG
SUN _ELEVATION AT PRIN GRND_PNY. . 63,1335163 DEG SUN AZIMUTH AT BRINCIPAL GRND PNT ~ 2B1.%9534035 DEg
LONG}TUDE OF SUBSOLAR POJNT 79.62494593 pEG LATITUDE OF SUBSOLAR POINT +2407568 VEG
_ALPHA I e b 200133056 _DEG. . . __S&ING_ANGLE 898858662 066
EMISSION ANGLE 13,3692256 pEa SIGMA SWING ANGLE - «0092410 DEG
PHASE ANGLE 14,2062783 pEG NORTH DEVIATION ANGLE 15408454895 DEG
PHJ -12+.4992089% DEG :
SlaMa PHL «0020000 pEG
KAPP A -15441633015 pEg
91GHA _KAPPA. _ . . .. «0020000 DEG
OMEGA 0247017 DEG

slaMa OMEGA ; 20020000 _pEy

X=TILT

P LGMA_X=TILT A [

Y-TILT
SIGMA_Y=TJLY . .
HEADING

SIGMA HEADING

20247017 VLEG

1204992080 0OEG

~6441578226 DEG
10020485 QL

20020000 _PEG..

e QOZ0000. DEG.

SCALE FACTOR

0000000 M/KM
SPACECRAFT ALTITUDE (LaSER) '

_SELENOGRAPHIC DJRECT[ON COSINES X

OF CAMERA AXIS \066B4GGY

TRANSFORMATION MATRIX FROM

+0000Q00 KM

LASER SLANT RANGE
ALTITUDE DIFFERENCE

+U000000 KM

<11828477173 kN

4

HAGNITUDE (Khn)

SN RO
~-v99776030

~e00260106

1214938156

TRANSFURMATION MATRIX FROM

SELENUCENTRIC TO CAMERRZ

5742945 36+00
v26063262%00
-0776050%9*00,

v47825880+00
066255936*00
57644043 %00

156441876 %00

~+70220055%0p
'25585559*00

LOCAL HORJZONTAL TO©

Cma878B66731+00
Te4358p7606+gg
~e19497555+40

v 425552,5+00
“*9pgpaTeetgg
*¥3941347 70y

CAMER,

Tee2lp4241 400

.97629892*00

Figure 20(a) - First Frame

43112643703



APOLLO 15 AlsS R=15 PAN la/71 FIN

Pagk. = 9igi

OF caMEK, ARITS:

TRANSFORMAT]ON MATRIX FROM

SELENOCENTRIC TO CAMERA

.69733u53€5o
v654953 7%,
-.‘78383?3 OD *6466555] %50

“;39995§37756“'

“'v7g97}550

*34875766%0Q

61208138+00

YEAR  HAONTH LAY HOUR _ MINUTE  SECUND ;

cMT 74 7 30 23 52 Te027 ?

— S GET . . , Y 10 14 6elid ?
srerg VECTOR X Yo bd X poT Y _vol i Z por,

Sp*Q "934479563}4 13269585 14 893.9845581/ li§“1975” o3723364 » 5 e8335595
SELENOGRAPHI( 5103057622 1755.1960754 3095404930 1+388580) ~e526053} 0655367
SIGMA(SELENO} le72 65 185 «QOU Q02 00U
LONG|TUDE OF NADIR POINT 73.7887354 DEG LATITUDE OF NADIR POINT o 94591120 Dt
S1GHA NADIR LONGITUDE «0010019 DEG SIGMA NADIK LATITuUDE
_LONG OF CAMERA AX1S JWTERSECT 72,9705229 pEG LATI OF CAMERA AXiS INTERSECT
SPACECRAFY RADIUS 1853.0704498 M SPACECRAFT ALTITUDE
SIGMa SPACECRAFY_RADIUS ~ ,0000089 kM ALIMYUTH OF VELOCITY VECTUR 29442167244 Lt
HEAN ALTITUDE RaTE -+0081702 KM/SEC HORJZONTAL yELOCITY 1146230313 KM/ SEC
TILT AZIMUTH 295,2754784 DpEG TILT ANGLE - ,m“m‘*w_¢;4§1241jh«0tu@
SIGHA TILT AZIMUTH «0087504 pEw SIGMA TILT ANGLE ;

SUN ELEYATION AT PRIN GRND PNT 7843947468 pEu SUN.AZINUTH AL PRINCIPAL GRND PNT _ 145:4199622 Vi
LONGITUDE OF SUgSOLAR PUINT 7945272522 pEu LaTITUDE OF SUGSULAR POINT ‘
ALPHA- — =8,1382645 pEo SWING--ANGLE - 27500721560 brg-
EHISS!ON ANGLL 14,1038470 pEw SIGHA SWING ANGLE 0087504 Dgy
EHASE ANGLE 7,0858087 pEG. . NORTH DEYIATION. ANGRE ol 1568016254 O
PHI 13.2100832 pEg X=T LT 02450385 Ut

~ 2HOHBA PHI +0020000 DE6 SIGHA X=TjLT 59020000 bro

L KAPPA 15547683010 0Ew - V-7iILT “13:2099603 VEG

~ JIGHA _KAPFA . . «0020000 pEwu SIGHMA. Y=TiLT »U020000 bty

" OHEGA 02450385 pEw HeADING ~o5. 8258171 DiEg
AlGMa OMEGA —— «0020000 pE& . SIGMA_HEAplNS . _ - pUU2084Y UEGe
SCALE FACTOR .0000000 M/KkH " LASER SLANT RANGE i “»U00000D KH
SPACKRCRAFT ALTITUDE (LoSER) «0000000 KM ALTITUDE piFFERENCE CThiAeTe0M230 KMo

___SELENOGRAPHIC DIRECTION COSINES x Y L R ;AQB}IQPE (kny
T Tewp741i074 199521145 7 ~206373]88

1180222876

TRANSFURMATION nATRgx From

LOCAL HORJZONTAL TOSCAMER,

~.88816444+00
*oo . .. Te41042387+00
*206679%0*p0

L .223520 11 e0g
me4276716p%p2
(A EFTYIITRSYS

39867602000
91188478vgy

67555527;0l

’ Fi?ure 20(b) — Last Frame
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Mission: Apollo 13 ., Target: Panoramic Strip Photography — —-———

Rev: 16, Camera: 24 Inch Pagoramic  Frames: 9152 - Through: 9%24.

Coverage Interval:

From: 8.8 Deg. N 1lat., 74.5 Deg. B long., To: 24.9 Deg. N Lat., 14,4 Deg.W long.

rrom: 108 Hr 15 Min 42.26 see, To: 108  Hr 43 Win 45,3777Sec GET T

Date Processed: 12/3/71 _, APE Version Used: _7_ .
INPUT DATA
e Trajectory Tape:

HOPE Version Used: _ B—F_1

Constants Used:

Lunar Potential Model: 1-1 : : ) —

Ephemeris: _JPL DE 19 (Douhie Precision)

Libration Model: RICC (Koziell) R

Lunmar Radius: 1738.09 Km

Ephemeris-Universal Time Difference: 0 9583333 Min

Base Time: Yr _1971 Month _7 Day .26 Hr _o. Min O _ Sec o

Computation Interval: Computation at midpoint of eaclh camera cweep. I
' y ~-14 s aire S
Integration Interval: Varisble (1x10 - 64 Min.) L

4-13




Initial State Vector Used:

Coordinate System: _Selenographic (Instantaneous Tpertial)

Time From Base: 122 K, 12 M, 41.84 See,

Type: One Revplution Solurion '

“‘Descripticnt This vector was determined frow a solutien based on a fit of -
data from Rev 16, For the solution the energy of the orbit was constrained

to be an analytically determined value. ‘ ) ‘% &
» ;/

o i

i

Units: Feet, Second, Degree

Components: ’ f
X = 5418330.03 Sc='36£g:'2596:"" o ‘
v = 351625.64 ¥ = -5355.8441 4 ] %
7 = 2636094.12 7 = 15.0709 %
? o Telemetered Data Tape . ‘ : ” %
oo Data Source: Station tapé ?
% Bit Rate:  High « . ’ : %
Date Edited: 1 Dec. 1971 |
Edited Data Tape No. 409550 pile No.: 3 Location: __Bldg. 12, Msc
g Remarks: There were no significant data gaps in the télemetered vehicle attitude
J data for this interval. ~
? N
oy 4-14




¢ APE Card Inputs:

Time Of Launch: Yr 1871 Month _ 7 Day 26 Hr _13_  Min _34 Sec @ L

L Range Zero-Clock Zero Time Difference 0.79 e Sec
__ KEFSMMAT Used:  .582563 : .4761836 .6586878
& S TZl2s1sBs52 0 =U6647384 7033325+
7727705 -.5756492 -.2673084
i Camera Positioning Angles Used: The angle from the spacecraft body X-7 plané'
— " to the cameéra optical axis when positioned for vertical or "mono" photography

(camera positioning angle) was 37.73 degrees.

The angle between the camera optical axis central position and its fore ov
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:
+ 1 degree in camera positioning angle

, 0.2 mrad in each gimbal angle

S +21.2132034 ms film exposure RSS time uncertainty including:

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5 mg in universal to sidereal time conversion

H I+ 4+

} : 4-15
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Generali uvescriprion:

The outpuf 3is a listing of two-page tabulations of computed spacecraft state
camera orientation and photograph position and lighting data. Each
tabulation presents the results of computations fer a specified time within the

range covered by the magazine. .

Format:

Generally the format will be that shown in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message i
to that effect along with the computed value of the tilt angle are substituted

for the tabulation.

With the exception of its initial line, the first page of each tabulation is

self explanatory. The initial line-contains six entries that are from left
to right:

1. Mission title

2. Magazine identification

3. State vector identification

4. Tate of dztz origin

5. Status of data -PRE = preliminary, FIN = final Iy
6. Frame number within the sequence ‘ ¥

o BN 2 g i S e A i

All entries of the second page of each tabulation are self explanatory except

raph frame corner locations. These appear above or below the

the phote

corresponding frame corner number on the left-hand side of the page.

'OUTPUT Summary:These photo evaluation data are for a strip of panoramic stereo ,
photography starting at 74.5 deg. E Long., 8.8 deg. N Lat., and extending to 14.4 .
deg. W Long., 24.9 deg. N Lat. Until late in the sequence-(Frame 9371) the scan :
direction of the camera is such.that the principal intersection point falls slightly 3
NW of nadir in the fore position and SE of nadir in the aft position. TFor the
remainder of the sequence It falls NE of nadfr in the fore position and SW of nadir
in the aft position. The field of wview corner point positions included in these i
data are in error. e :

i
i
3
H
§
i
i




APOLLO ;5 AlS=Rl6 PAN 11/71 FIN PAGE ~ 9152 :
YEAR MONTH  DaY HOUR MINUTE SECOND :
- [ - A A 7 T I 59 §3.050 4 T
e o e 4 12 15 420257 ‘
STATE VECTOR X Y T X oot Y Dot N1} B
195040 *1008,2115250 . 1302.6460724 850017931365 143014529 +4284295 28691668
SELENOGRAPHIC 46545171356 1773.,57495812 271.8599472 1.40012086 »e 4781204 T eb662116
_SIGHA(SELEND) REYAN - 259 -~ +83 2000 1002 ; + 000
_LONGITUDE OF NADIR POINT .. 715,2930918 DEG LATITUDE OF NADIR POINT 8.4333290 DEe
| S1GMA NADIR LONGITUDE +0009955 DEG SIGMA NADIR LATITUUE +00D4544 DEg
| LONG OF CaAMERA AXIS [NTERSECT 74,5082006 DEG LATI OF CAMERA AXKiS INTERSECT 87978178 DEg
; SPACECRAFY RADIUS . 1853,6941468] KH SPACECRAFT ALTITUDE ) T15.4041912 KH
~S1GHA SPACECRAFT_RADIUS e .2.0000037 KH AZIMVTH OF YELOCITY VECTOR 49495712318 DEG
MEAN ALTITUDE RATE ~.0081459 KM/SEC HORIZONTAL vELOCITY 106225352 KM/SEC
TILY AZIHUTH - 295,2169342 DEG._ TILY ANGLE _ e 0200582110 DEG

SIGMA TILY AZIMUTH
JUN ELEVATION AT PRIN QRND PNT

+0091271 DEG
80.5503864 DEG

SIGHA TILT ANGLE
SUN AZIMUTH AT PRINCIPAL GRND

, +0019999 DEg
PNT

LONGITUDE OF SUBSOLAR POINT
_ALPHA

& EMISSION ANGLE

= _PHASE ANGLE

78452964001 DEG

13.,5155782 DEG

- T9271735834 DEG

8.6324805 QEG

15447136326 DEg
+2389345 DEg
e @2020613765 DEG

20091272 DEg
e 15505745640 DEG

LATITUDE OF SUBSOLAR POINT
.M ING ANGLE

SIGMA SWING ANGLE
.NORYH DEYIATION ANGLE

PHl 12.6582042 DEG XeTILT +0134501 DEg
_S1GMA_PHI i 20019999 DEg SIGHA X»TILTY +0020Q0] DEg
KAPPA ~154.8429508 DEG YeTILT ~1246582040 kG

LS 18MA KAPPA -.«0020000 PEG. . SIGMA YeTILT . . 019999 _DEg
OMEGA «0134501 DEG HEADING rb4e845%682 Dhg
SIGMA OMEGA «0020001_DREG._ . ~3laMA_HEADING - e Q020898 DEG
SCALE FACTOR 0000000 M/KHM LASER SLANT RANGE » 0000000 KM

APACECRAFY ALTITUDE ([ ASER)

20000000 KM

SELENOGRAPHIC DIRECTION N _COSINES X

ALTITUDE pIFFERENCE ~115.6041412 KN

Y z MAGNITUDE (K#)

OF CAMERA AXIS ~e06674566

TRANSFORHATION HATRIX FROM
SELENOCENTRIC To CAMgRp

= 99709639 = 0SG7d179 116+683350

TLOCAL HORIZONTAL 70 tangn, —

«632397g5+00
”f.70|83?;3‘00
«32786456+0p

+40850569400
‘ﬁ6175987*00u
162864690+00

©65817466+00
026362019+00
=+70520062+00

v41472219%03
-+ 90514588+
= 933615997,

~eB831ls797%00
42550091 +00
*19825136+00

.zxvxawgt’un
~+23474832-0)
+ 975695 54%0g

Figure 21(a) - First Frame
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APOLLO 15  AlS-Rle PAN 11,71 FIN PAGE
YEAR MONTH DAY HOUR MINUTE SECUND
T oHT 71 7 31 2 AT 46l 09T
GET 4 i2 43 4he2Yy7
STATE VECTOR o Y z ) UK bor ’ Z DOT
19500 137943335876 598.0900726 1055¢1657867 e PP 1264 ~}o1125843 e 679454
SELENOGRAPHIC 1618.6932373 -3%0.4276772 77942716757 =+305451) =1.5981270 . 1865090
SIGHA(SELENO]_““‘A 38 le98 «23 « 002 2001
LONGI-TUDE OF NADIR POJNT ~-13.,5606880 DEG LATITUDE OF NADIK POINT 24.96654942 VEG
SIGMA NADIR LONGITUDE 0012075 DEG SIGMA NADIR ULATITUDE 20001362 DEG
LONG OF CAMERA AXIS [NTERSECT -14.3701783 DEw LATI OF CAMERA AXIS INTEKSECT 2449044960 DEG
SPACECRAFY RADIUS E 1836.,74992066 KM SPACECRAFT ALTITUUE §8,6591797 KN
SIGHA SPACECRAFT RADIUS 0000023 KM AZIMUTH OF vELOCLITY VECTOR 262:9179077 bta
MEAN ALTITUDE RATE -,0082067 KM/SEC HORIZONTAL VECGCTITY 146376602 KN/SEC
TILT AZIMUTH 26543389168 DEG TILT_ANGLE 12s7440255 Dte
SIGHMA TILT AZIMUTH 20090719 DEG SIGHA TJLT ANGLE +0019787 Oty
SUN ELEVATION AT PRIN GRND PNT ~243135920 DEG SUN AZIMUTH AT PRINCIPAL GRND _BH.061930) VEG
LONGITUDE OF SUBSOLAR POINT 78.291643) DEG LATITUDE OF SUBSOLAR POINT 22385364 Dro
ALPHA 134531330 DEw SWING ANGLE 27148140373 0ty
EMISSION ANGLE 13,4806738 DEG SIGHA SWING ANGLE JU090722 Dy
PHASE ANGLE 7848607225 DEo _. NORTH DEVIATION ANGLE lbb,0792488 DL
PHl 12.7378490 DEG KeTILT 44001058 Dry
SIGHA PH] 0019998 DEG SIGMA X=TILT , 20020003 DEv
KAPPA 1735695477 DEG Y~TILTY ~12+737%338 DEs
S]GHA KAPPA «0020000 DEG SIGHA Y=TILT «U019998 Dry
OMEGA «40010%8 DEG . HEADING ~96.5209085 DEG
S51GMA OMEGA »0020003 pEw SIGMA HEALING +U020505 LEg
SCALE FACTOR .0000000 M/KHM LASER SLANT RANGE .00600000 xH

0000000 KM

ALTITUDOE pIFFERENCE

SELENOGRAPHIC DIRECTION COSINES

X

Y

_D¥Be6591797 KM

HAGNITUDE

(Kn)

OF CAMERA AXIS

-+90376923

TRANSFORMAT]ON MATRIX FROM

CSELENOCENTRTCTTO CAMERA ™~

~e(3pB8182808

Z
-e427Y4183

101.2982%%

TRANSFORMATION HMATRIX FROM
“LOCAL HORTZUNTAL TO CAMERA

275716700400 <=+59552103%00 ~+26842665%00 “«96708003%400 =+11077087%00 .Zzoaaszlooo
25683848400 464924211400 =.71590402%00 *11199445+400 ~+99368424¢00 -.69831071702 _
+60060783+00 *47311663%0p 64453748+ 0g v21%86621+00 V17925947 =G71 7 Y 97886536%0g

B AFigure 21(b) ~ Last Frame
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Mission: Apollo 15 » Target: -Pynoramic Strip Phavagraphy o

Pev: 27 s Camera: 24 Inch Prnoramic . Frames: 9425 - Through: 9433

Coverage Interval:

From: 25.4 Deg. N Lat., 4 Deg. E .— looz., To: 25,6 Deg, N Lat.]l,04 Deg. E Loag.
CFrom: (130 By 18" Min 21.05 © Sec, To: 130 Hr _19  MNin [3.69  Sec GEF

Date Processed: _12/3/71 | APE Version Used: 7 .

INPUT DATA
o Trajectory Tape:

HOPE Version Used: p._g g

Constants Used:

Lunar Potential Model: 1-3

Ephemeris: _JPL DR 19 (auble Precisiun)

Libration Model: RTCC (Ruziell)

Ephemeris-Universal Time Difference: 0.695833733 Min

e Base Time: Yr _1971 Month _7 Day 26 Hr g _Min 0 Sec 0

Computation Interval: Computation at midpoint of esch camera gweep

) -14 s
Integration Interval: _yarianie (1x10 ~ 64 Min.)

(
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Initial State Vector Used:

Coordinate System: _Selenographic (ITustantaneous Inertial)

Time From Base: 143 H, 52 M, 43,2 Sec

Type: One Revolution Solution

Description: .This.vector was determined. from a solution based on a fit of =

data from Rev 27 . For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

X = 3442492.29 X = 3109.9277
Y = 349488.17 ¥ = -5343.3417 ’
Z = 2596805.03 Z = 400.1378

e Telemetered Data Tape

Data Source: MSFN and station tapes

. Bit Rate: High

Date Edited: . 1 Dec. 1971 o L

Bldg. 12, MSC

Edited Data Tape No. A09556  File No.: 4 Location:

Remarks: There were no significant gaps in the telemetered vehicle attitude
data employed for this sequence.

4-20
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day _26 Hr 13 Min 34 Sec ¢

Range Zero-Clock Zero Time Difference 0,79 Sec
REFSMMAT Used: - .582563 .4761836 .6586878
-.-2518852 -. 6647384 . 7033325
27727705 - =.5756492° - =.2673084
Camera Positioning angles Used:  The angle from the spacecraft body X-Z plane

to the camera optical axis when positioned for vertical or "mono" photography
(camera positioning angle) was 37.75 degvees.

The angle between the camera optical axis central position and its fore or
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle ‘
%0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:

*20 ms in onboard clock bias definition
* 5 ms in onboard clock drift rate definition
* 5 ms in universal to sidereal time conversion
; <;w
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General Desoription:

The output is a listing of two-page tabulations of computed spacecraft state
camera orientation and photograph position and lightiug data. FEach
i~ tabulation-presents :the results of computations for a-specified ‘time-within the

range covered by the magazine.

Format :
Generally tiié fOrﬁat“will'be'that‘shbwﬂ in Figures 1 and 2. However, when’
the calculated camara aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted
for the tabulation.
With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:
1. Mission title
2. Magazine identification

3. State vector identification

)

Date of data origin

. Status orf data PKE = preliminary, FIN = final

o

Frame number within the sequence

All entries of the second page of each tabulation are self explanatory, except

the photogrzph frame corner locations. These appear above or below the

corresponding frame’ corner number on the left-hand side of the page.
OUTPUT Sumwmary: These photo evaluation data are for a strip of panoramic stereo

photography starting at 4 deg. E Long., 25.4 deg. N Lat., and ending at 1 deg.

E Long. 25.6 deg. N Lat. Throughout the sequence the prinecipal Intersection falls

slightly NW of nadir vhen the camera is in the fore position and slightly SE of

nadir when it is In the aft position. All field of view corner point locations

included in these data are in error.

B
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APOLLO g5 Al5-R27 PAN 11,7 FIN PAGE = 9425
L YEAR HONTH DAY HOUR MINUTE SECOND -
TTUTTeHRT T 7T 3] 23 52 <le838 ¢ T T
N GET 5 10 o 214046
STATE VECTOR X Y D S X 00T Y oorT T - TporTT
195000 71243837738 110248189497 1290972412} 1e4464)28 ~e7356125 e 1864190
SELENOGRAPHIC 1657,8755035 190.7086487 788.6443710 s 0609347 “1.6266798 1348614
SIGHA{SELEND) s08 2401 o W17 +0D2 +000 «001
LONGITUDE OF NADIR POINT 4.8512306 DEG LATITUDE OF NADIR POINT 25.36056)) DEG
~STGMA NADIR LONGITUDE ~~ ~ —~ 7 20012099 0EG ~ TSTGMA NADIR CATITUDE T 00010661 DEG
LONG OF CAMERA AXIS INTERSECT 440094337 pEG LAT] OF CAMERA AXIS INTERSECT 25.4308994 DEG
T SPACETURAFY RADTUS TB8UTVZTIYINZ KM SPACECRAFT ALTITUDE IO TTBYRUTY RN T
_SI1GHMA SPACECRAFT RADIUS . +0000042 Kkpy _AZInUTH OF VELOCITY VECTOR 275,4376450 DEG
HEAN ALTITUDE RATE =+011680% KN/SEC ~ HORIZONTAL VELOCTTY T 144333262 KH/sEC
TILY AZIMYTH 275,4650383 DEG LTILT ANGLE e 1246349679 DEG
SIGHA TILT AZIMUTH +0091433 DEG STGHA TILT ANGLE~ .00Z0000 0€6
SUN ZLEVATION AT PRIN GRND PNT 24,0407801 DEw SUN AZIMUTH AT PRINCIPAL GRND PNT 101.97490400 DEG
LONGITUDE OF SUBSOLAR POINT 67.3119869 DEG. LATITUDE OF SUBSOLAR POINT +2193396 DEG
ALPHA e e . 1302761325 DEG __SWING ANGLE - _269.6894913 DEG
EMISSION ANGLE 13,3986644 DEG SIGMA SWING ANGLE ’ J091433 0EG T
PHASE ANGLE 52.6701221 DEG NORTH DEVIATION ANGLE 17447237034 DEG
~PHl 1246347919 DEo X=TILT =+0679170 0OEG
J91GHA PHI 20020000 DEG SIGHA X=TILT e 20020000 PEG
WKAPPA ~174.2319832 DEg Y-TILTY ~12.6347833 LEG
SIGHMA KAPPA .0020000 DEG SIGHA Y=TILT B ) »U020000 DEG
OMEGA =+0679170 DEG HEADING ~84,2167568 DEG
S1GMA OMEGA ~ »6020000 DEG SIGMA HEADLING o «0020496 DEG
SCALE FACTOR «0000000 M/KH LASER SLANT RANGE «0000000 KM

. SPACECRAFT ALTITUDE(LASER)

»00000300 KH

SELgNOGRAPHIL VIRECTION CDSXNES X

TOF CAMERA AXIS

TRANSFORMATION MA
SELENQCENTRIC TO

~eB69065}7

TRIX FROM
CAMERA ‘

94995535 +00
©25296386+00
v 18324400+00

= 30a17953%00
*66316511+00
*682083)11+00

M-51055017'57mwmwvm
~+70442253+0g
«70794373+00

T=W2922875§%5

ALTITUDE DIFFERENCE

~103«1894Q 73 KM .

Y Z

MAGNITUDE (KM

~e3991162%

BYEXRILEEE

TRANSFURMATION MATRIX FRUM

C LOCAL "HORTZONTAU TO CAMERA

=+97081765%00
~e}00500%2+Q0
TTeZ17744564g0

* 7832524601
=e79473621+0g
=e20p832333=g7"

«21873546%00°

«11853743=02
«9757834740g

22(a) - First Frame



_TRANSFORMATION MATRIX FROM:
SELENOCENTRIC TO™ "CAMERA ™

) APOLLU 15 . AlS=g27 paN 1l/71 FIN PAGE = 9433
YEAR MONTH DAY HOUR MINUTE SECUND
- o TGMT 7 -7 31 237 TR T Uy gy
: L o : GET : 5 o 19 13.685
STATE.  VECTOR X : Y Z X por Y DOT 2 00T
19500 787.7212982‘ lg62.90%2407 12797570343 1e4153766 ~s 7804182 “e2396203
SELENOGRAPHIC 1659, 2849884 54,7239p94 794,862133% =e0079265 TTTURIVE30TZYGT T TG ne4e T
vS[GHA{§§g§ﬂQ}_ 02 2.02 ! 002 2000 .001
LONGITUDE OF NADIR POINT 18889537 DEG LATITUDE OF NAUIR POINT 25}.58‘{6632 PDEG
51GMA NADIR LONGITUDE «0012152 DEG SIGMA NADIR LATITUVE w 00008} Oka
LONG OF CAMERA AXIS [NTERSECT 10398587 DEG LAT1 OF CAMERA aAXIsS INTERSECT: 2546203737 DEG
SPACECRAFT RADIUS ) T840, 6680603 KU SPACECRAFY ALTTTIUDE ; T O STRTIIY RN T
S1GMA SPACECRAFT RADIUS. «+ 0000034 KM AZIMUTH OF VvELOCITY VECTOR 27441664529 DEG
MEAN ALTITUDE RATE ) =-0115431 KM/SECT  HOKTZONTAL VELGCTTY - 146338699 Kn/stc
TILT AZIMUTH 3 27248535118 DEG TILT ANGLE e 1297536358 DEG
SIGMA TILY AZIHUTH 20090597 DEG SIGHMA TILT ANGLE 0020000 VEG
SUN ELEVATION N AT PRIN GKND PNY 21.36823013 DEG i SUN_AZIMUTH AT PRINCIPAL GRND PNT lon.%ggézlo DEG
LONGITUDE OF SUBSOLAR POINT 67.,3045464 DEG LATITUDE OF SUBSOLAR POINT 02193260 0EG h
ALPHA 13.3541849 DEG SWING ANGLE 26843075485 Deg
EMISSION ANGLE 13.5201923 DEG SIGHA SWING ANGLE 20090597 0c4
o PHASE ANGLE 55,2479758 DEG . NURTH DEVIATION ANGLE 17538897800 LEG
L PHI 12,7482564 DEG X=TILT 23735724 DEa
= 51GHMA PHJ - —.. 20020000 0DEG SIGHA Xx=TJLT N A +0020600 PEG_
KAPPA ~175.4957714 DEG Y-TILT “i2:7479814 Dte
SIGMA KAPPA 0020000 DEG SIGMA YmTiLT 21020000 DEG
OMEGA ~e3735724 DEG HEADING ‘bb¢‘1!l2511 UEG
S]GMA OMEGA . 20020000 DEG SIGHMA HEADING + 0020505 DEs
SCALE FACTOR - +0000000 H/KHM LASER SLANT RANGE « 0000000 &M
SPACECRAFT ALTITUDE(LASERI 0000000 KM ALTITUDE DIFFERENCE e 710205780334 KM
_SELENOGRAPHIC DIRECTION COSINES % v Y z MAGNITUDE (kM)
T OF CAMERA AXTS ~eB7669371Y = 24951920 ~.«rT21755 1053 A2IZLT

YRANSFORMATION MATRlX FROM
TLCCALT HORIZONTKL'TO CAMERA

S 97222374900 7

e 94046457+00 =+33923320%00 +20239657-01 CTB03NT5%=01 T 22055307400
*25530667+400  +66598959+400 ~.70091102%00 "+78531075-01 - ~+9968%02%+00 . +65200225%02
.zz§2929376d"”.66436333000' T T1296180%00 - TV Z 04858 2%30 ,n.;ovavvsv-ol"

$IT53ZB3N%00

i

Figure 22(b) - Last Frame
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Mission: Apolln 18 - larget: Panoramic Srrip Pharcgrepuy

Rev: 33 , Camera: 24 Inch Peuoramic  Frames: 8434 _ Through: 9578

Coverage Interval:

"Frem: 8.5 Deg. N » 38.9 Deg. g___ Long., To: 2],5 Dgg, H Iat.,zz 1 Deg. E_Long.
'Fro;‘m: 141__; Hr 46 Min 27 5 Sec, To: 142  Hr 3  HMin 33 44~ Sec GET

Date Processed: 12/13/71 , APE Version Used: 7 .

INPUT DATA
e Trajectory Tape:

HOPE Version Used: R--6.1 g ) . —

Constants Used:

Lunar Pstential Model: 3,1 B —
Ephemeris: _JPL DE_ 129 (DnuMp Pror‘fs:u*nl : o o
Libration Model: RTCC (kozlcll) ‘ ] ' | - .
Lunar Rodius: .9 09 V= | .

Ephemeris-Universal Time Difference: 0.09583333 Min._ .

Base Time: Yr _1971 _Month _7  Day 24  Hr 0 Min 0 See _ Q-

Comput ation Interval: Computation at midpoint of each camera INEOR o
14

- 64 Min.)

Integration Interval: _y.rg able (1x10

4~25




Initial State Vector Used:

Coordinate System: Selenographic (Imstantaneous Iﬁértial) : - )

Time From Base: 155 H, 41 M, 29.62 Sea.

Type: __One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 33: For the solution the energy of the orbit was constrained

to be an analytically determined value. N
:

Units: Feet, Second, Degree

Components: . i

bl

= _9,.5580
= _=5318,0142

X = 5474202.62
Y = 345994,58

e

Z = 2547196.41 ‘7= 608.6019

e Telemetered Data Tape

~ Data Source: MSFN and station tapes

Bit Rate:  High - : ' . ) L

d -
Date Edited: 10 Dec. 1971

3 Location: Bldg. 12, MSC

Edited Data Tape No. 409556  File No.:

Remarks: There'ﬁas 9n<jsiénificant\gap_in the telemetered vehicle attitude
data in the time interval of this sequence, 141 H, 46 M, 27.5 Sec -~ 141 H, 49 M,
3.84 Sec GET - Fm 9434 through 9457,

.
.. L 3
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APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day _26 Hr 13"~ Min 34 Se¢ g

Range Zero-Clock Zeto Time Difference 0,79 ~ Cec

REFSMMAT Used: .582563. .4761836 .6585878

7727705 ~.5756492 -.2673084

Camera Pusitioning Angles Used: The angle from tberspaceéraf% body X-Z plane
to the .camera optical axis when positioned for vertical or "mond" photography

 (caiiera positioning angle) was 37.75 degrees.

The angle between the camerz optical axis central position and its fore or
aft positions*(excﬁrsibh"énglé)'ﬁé§“12.3’dégfééé.

Uncertainties Assumed:

t 1 degree in camera positigning angle

%0.2 mrad in each gimbal angle

$21.2132034 ms- film exposure RSS time uncertainty including:
120 ms in onboaid clock bias definition

* 5 ms in onboard clock drift rate definition
* 5 ms in universal to sidereal time conversion

4~27
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Generzl Descripiion:

The output is a listing of two-page tabulations of computed spacecraft state
camera orientation and photograph position and lightiny data, Each
-~ tabulztion.presents.the results cf computations for a specified time within the v oo

range covered by the magazine.
Format: . :

Generally -the format will be that shown in Figures. 1l and 2.‘«However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulation.

With the exception of its initial line, the first page of each tabulation is
sell explanatory. The initial line contains: six entries that are from left
to right:

1. Mission title

2. Magazine identification

3. State vector identification

4. Dato of dats origin

5. Status of data PRE = preliminary, FIN = final

Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except

]

the photograph frame corner locations. These appear above or below the

corresponding frame corner numbsr on the left<hand side of the page.

OUTPUT Sumnary: These photo evaluation data are for a strip of panoramic stereo

photography starting at approximately 66.5 deg. E Long., and ending at 22.1 deg.

E Long., 21.6 deg. N Lat.  Only state vector data are provided for the first 24
H frames of this sequence, since vehicle attitude data-are not available for that
: " interval. ‘Evaluation data coverage starts at 58.9 deg. E Long., 8.5 deg. N Lat.
‘ and continues to 22.1 deg. E Long., 21.6 deg. N Lat. (Frames 9458 through 9578).
- Throughout the sequence the principal intersection point falls slightly NW of
nadir when the camera is in the fore position and slightly SE of nadir when in
the aft position. All field of view corner point locations included in these data
are in error. :

11
§
i
F

e

’%‘?5 b
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~-i9458

i aPOLLD AlS=RISTPAN 11771 FIN PAGE
i YEAR T HORTR DAY HOUR ™ WINUTE SECUND
: ceMy 78 8 l 1l ‘23 4179
% . GET P 5 zZi - 49 3+389 '
STATE VECTJOR X - Y | 4 . X LoT. Y DOT Z porv
1950%0 ~1082.7087250 1281,3552856 ~B823+3302917 1+4598877% .+ 4848528 «897913s6
SELENOGRAPHIC §28,3202362 1584,6116333 261,«873009 1e2186109 =+833p620 669885
SIGHA(SELEND) CleS1 “He03d 87 <001 : ' 002 «000
LONGITUDE UF NADIR FONT 59.,63675712 DEG LATITUDE OF NADIR POTNT 841034580 DEq
SIGHMA NADIR LONGITUDE - 0009919 DEG SIGHMA NADIR LATITUDE = ie0004712 OEG
“LONG OF CARERA AXKTS qu‘hSECT 584,8811340 DEG LATT OF CAMERA AKIS thaRSicT 8+4666369 PEG
SPACECRAFT RADIluUS ; 1855,0331573 KM "SPACECRAFT ALTITUUVE 11609431305 K
STGHA SPACECRAFT RADIUS 0000069 KH ~ AZIMUTH OF VELOCITY VECTUR 294,7124290 DEq
HEAN ALTITUDE RATE =«0073595 KM/SEC HORIZONTAL vELOCITY 106209877 KM/SEC
TILY AZIMUTH 295,9602509 pEG TILT ANGLE 1241496601 DEG
SIGMA TILT AZIMUTH «0095010 OEG. SIGHMA TILT ANGLE ©+0020003 DEG
SUN ELEVATION AT PRIN GRND PNY 81352496497 DEG SUN AZTMUTH AT PRlNC&PAL GRND PNT 16206146030 DEG
LONGITUDE UF SUBSULAR POINT 6144560638 (EG: LATITUDE OF SuBSOLAR Plet 102083672 Dka
ALPHA 7 ‘ ~9e7227839 OEG. SWING ANGLE 27144277573 DEG
EMISSION ANGLE 12,9809248 0EG SIGMA SulING ANGLE ebUY504 DEg
PHASE ANGLE 944242347 DEG NORTH DEVIAYION ANGLE ‘156 1537228 DEe
TPHI 12, 1460000 DEG KeTILT +3004639 DEG
GSTGHA PHI +0020000 DEG.. SIeMA x=TILT ieUO200c) DEe
KAFPA ~15544355354 DEw YaTlbLT ~LZ.1458306 PEg
SIGMA KAFPA +0020000 DEG . S5IGMA Y=TILT 00019999 DEg
OMEGA " v300463% pEG. HEADING m6525003 %84 DEg
SIGMA OHEGA % 0020001 0EG SIGMA HEADING »0020458 DEG
SCALE FACTUR ' .0000000 M/KH LASER SLANT KANGE ©eUU0Q0UD KH

SPACECRAFT ALTITUDE(LASER)

+0000000 KH

ALTITUDE pIFFERENCE ~116+9431305 KM

~

‘SEELNUbHAPnlc UINELT]GN CU:INgb .3
OF CAMERA AXIb -933251«29

Y 7 HAGNTTUUE TKH)

-e94]194658 - 04659259 1194809647

TRKNS}URMATION HATRTX FROH'
SELENOLLNTRIC TO0 CAMERA

TRANSFURMATIUN NATRlx FROM
LoCaL HDNIZONTAL TO CAHERA

635306859 +00 4409131900 634017685+00

~e 889593494400 ¢ «40540U740U400 ?.zxoqoooxfoo

2997 38Y0+00
~e734451984+400

*66372163%00 ~+70680717%00

+60420950%0G

=e41b71111+00
18922951 +00

PmeYu948153+00 ~+52440602702

+31375%46+%00

i =e92130954=0} Pe¥7760120%00

Figure

23(a)4; First Frame




AFOLLO TS

ATS-RISTPAN 1T/71 FIN PAgr = 9378
YEAR HMONTRH DAY HOUR HINUTE SECOND
oM1 7 -8 1 1l 35 344235
GET i g 22 1 33542 T
STATE VECTUR X Y z X vort Y porT L DuUT
1Y50.0" 2T+ 73686978 T33535629390 127645935974 1.576316% =VZIYLTESE VZESETIT

SELENOGRAPHI C 1584,8715363 669,535797 67366429901 «H602048 “leD12]360 «3884394
TSTGHATSELERT] 057 Te87 050 «002 - e001 w001
“LONGTITUDE UF NADIR POUTINT 229078323 DEw LATITUDE OF NADIR POINT 21.3823624 UEg B
SIGMA NADIK LONGITUDE «0011309 0Ew SIGMA NADJR LATITuLE _ +Uu02892 DPEG B
LONG OF caMERA AXKIS INTERSECT 22.06925%6 DEG LATI OF CAMERA AXIS INTERSECT 4106210334 Deg
SPACECRAFT RADIUS 1847 ,6717224 KM SFACECRAFT aLTlTULE ' 1094581 69%6 Kn
STGHA SPACECRAFT RADIUS . 0000030 KH AZTHUTH UF VELOCTTY VECTUR Z85.0157280 Dt
MEAN ALTITUDE RATE =+0115789 KM/SEC HORJZONTAL VvELUCITY 1606275744 §M/s£9“
TTICY AZIMUTH 287,2767296 DEG TILT ANGLE 1290627205 Dee
SIUMA TILT AZINMUTH 2« 0091465 DEG SIGMA TILT ANGLE N.UUZUUUS.EEG )
TSUN ELEVATION AT PRIN GHND PNTY 46,130865] pEG SUN AZIMUTH AT PRINCIFAL GRNU PNT 1139962254 Dig
LONGITUDE UF SUBSOLAR PUINT 6143501101 DEG LATITUDE UF SUBSOLAR POINT «2081635 0cg
ALPHA 1342565271 DEw SwiNG ANGLE 27251702194 DEg
_EMISSIUN ANGLE 13.4377657 DEG SIGMA SwiNG ANGLE - 1091465 PEG -
PHASE ANGLE 30,5678403 DEG NOKTH DEVIATION ANGLE les+6376171 DEG

Prl - 12,6184379 DEG A=TILT _2M743290 Dta
SIGMA PH] +0020000 DESG SIGMA x=TjLT «0020001 DEa
KAPPA ~164+8410625 DEG Y=T]1LT ~126179%87 Dtg
SIGHMA Kappa +002000§ Dty SIGHA YeTJLTY +0019999 Deg
OMEGA e4743200 DEG HEADING ﬁm__vam:ljijjllillﬁQQQMMH
SIGHMA UHEGA 0020001 DEG SIuMA HEADJNG «0020495 DEg
SCALE FACTOR +0000000 M/AM LASER SLANT RANGE «000000p KM
SPACECRAFT ALTITUDE (LASER) «0000000 KM ALTITUDE DIFFERENCE ~109¢5816956 KM
TSELENUGRAPHTC UTRECTTGN COSTRES X Y Z HAGRTTUVE "TKK)

— " OF CAMERA AX1sS 077759143

-+5551028¢9 ~e29531735

112.476074 —

© TRANSFURWATTON WATRTX FROF
- SELENUCENTRIC TO CAMERA

TRANSFORMWATION RATRIX FRON

— 2 94879539+00 “elliBY1446=0

LOCAL HORIZONTAL 71O CAHERA

0 d15542545+00 Te94236403400  «25343%96¢00 :e41844780%00
«ZH5T2906+%00 66 162580+%0g ~«/0835732+%00 26148858400 ~s96517]01%00 ~e82783514%02
T Tel9B25804+00  .74968726+0p  +63139749+0¢ 20874337400  ~+64923327-01  +97581310%00 —

- Figure 23 (b) - Last Frame
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Mlssion: Apollo 15 . , Target: Paporamic §

Rev: 38 _» Camera: 24 Inch Panoramic  Frames: 9579 Through: 9808

R S —— — .

Coverage Interval:
From: _22.8 Deg. § Lat., 132,1 Deg, E Long., To: .24.7 Deg. N Lat.,Q.4 Deg, E Long.
From: 151 _ Hr 13 _ Min _29,2] Sec, To: 151 Hr 59 Min _5.93_ Sec GET

Date Processed: 12/14/71 , APE Version Used: 7 .

INPUT DATA
e Trajectory Tape:

HOPE Version Used: . R—g§ 3

Constants Used:

Lunar Potential Model: 1.1

Ephemeris: _ JPL DE 19 {Douhle Precisiaon)

Libration Model: RTCC (Roziell)

L' mar Radius: 1738.09 Xa

Ephemeris-Universal Time Difference: 0.69583333 Min

Base Time: Yr _1971  Month _7 Day 26 Hr g Min 0 Sec 0)

Computation Intérval: Computation at midpoint of each cametra_sweep

: - ~14
Integration Interval: _yarjisni. (1x10 L 64 Min.)




A A N et

Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inertial) c v
Time From Base: _165 H, 31 M, 53.11 Sec it
Type: __One Revolution Solution

- Description: ‘This“vector 'was determined from & solution based on a fit“ef™
data from Rev 38. For the solution the energy of the orbit was constrained ,
to be an analytically determined value. ' PR

Units: Feet, Second, Degree

Components:

X = _5507373,81 X = ____s6.8A19
Y = _354401.39 ¥ = __ -5288,5850 ’
Z = _2486896.38 ‘2= __ 785,463
Telemetered Data Tape
Data Source: MSFN and s%ation tapes
Bit Rate: High
Date Edited: -8 Dec, 1971 °
Edited Data Tape No. _A09554  Fije No.: 3 Location: Bldg. 12, MsC

Remarks: Telemetered vehicle attitude data are not available for the interval
151 B, 21 M, 29 Sec - 151 H, 23 M? 48 Sec (Fms 9658 through 9681),

y
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APE Card Inputs:

Time Of Launch: Yr 1971 Month 7 Day _26 Hr 13 Min 34 Sec _p

Range Zero-Clock Zero Time Difference 0,79 Sece
REFSMMAT Used: .582563 4761836 . ﬁ6§86§734
.7727705 —.5756492 -.2673084

Camera Positioning Angles Used:  The angle from the spacecraft body X-Z plane
to the camera optical axis when positioned for vertical or "mono" photography
(camera positioning angle) was 37.75 degrees,

The angle between the camera optical axis central position and its fore or
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:

* 1 degree in camera positioning angle

. #0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:

120 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition
5 ms in universal to sidereal time conversion

14
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CUTPUT
Genwral bescription:

The output is a listing of two-page tabulations of computed spacecraft state
cawcra ovientation and photograph positicn and lighting data. Each
tabulatien presents. the results of computations for a-specified time within the
range covered by the magazine.
Format:
Generally the format-will be that shown in Figures 1 and 2. Héwever, when
the calculated cawera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle arz substituted

for the tabulation.

vith the exception of its initizl line, the first page of each tabulation is
self explanatory. The initiai line contains six entries that are from left
te right:

1. Mission title

2. Magazire identificarion

3. State vector idaﬁtification

4. Date of data origin

>. Status of data PRE = preliminary, FIN = final

Frame number within the sequence

All entries of the second page of each tabulation are seif explanatory. except

the photograph frame corner locations. These appear above or below the

corresponding - frame corner number on the left=Hand side of the page.

OUTPUT Summary:These p?oto evaluation data are fgr a &trip of panoramic stereo data
starting at 132 deg. E Long., 22.8 deg. § Lat., and extending to 0.4 deg. E Long.,
24.7 deg. N Lat. --Only state vector data are provided for the interyal 108 deg. E
Long. through 102.4 deg. E Long. (Frames 9658 through 9681) since vehicle attitude
data are unavailable for that Interyal. Throughout the sequence the principal
intersection point falls slightly NW of the nadir point when the camera is in the
fore position and slightly SE of the hadir point when in the aft position. Photo-

- graphy was omitted for the interval 151 H, 37 M through 151 H, 57 M, 28 Sec the
interval between Framés 9790 and 9791; 65.4 deg E Long. to 4.1 deg. E Long. All
. field of view corner location point locations contalned in these data are in error.
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(/’\\ P ' 3 R f o e
( : ( [ (
APOLLO 5 Al R=38 PAN J12/71 FIN PAGE = 957¢ ﬁ e
YEAR _ MONTH DAY  HOUR M[NUTE SECOND o o
GHT 7} ] ! 20 47 300003 '
GET , - ) 7 13 29,209
STATE VECTOR X ‘ Y ‘ z X poT Y o7 4 poT
19500 =15597831116 =39844685822 “9160039291 4 v.79p8; 88 jel512%32 08272564
SELENOGRAPH|C ™1162:568344] 124645074237 =725458957; 120624588 101868507 *dj 2866
~A1GMAISELENOQ) ledl Le47 %2 +00} +Q01 100}
LONGITUpE OF NApIR PONT 13340136299 peg LaTITUDE QF NADIR POINT "234062436) pgg
STGHR NADIR LUNGITUDE — SUUITSZT pEG STaMA NADIR CATITUDE «UD0295% DEe
LONG OF CcAMERA AXIS [NTERSECT 132,1320438 pEs LAT] OF CaMgRA aXisS INTERSE(CT 428499503 pgg
SPACECRAFY RADIUS 1852,2995575 K*  SPACECRAFT ALTITUDE . 11491595306 KN
_S]GHA SPACECRAFT RADJUS +000Q} 44 KN - AZIMVUTH OF VELOCITY VECTOR e %8202208366 DEG
HEAN ALTITUDE RATE 0091608 KM/SEC HORJIZONTAL VELOCITY 195232534 Kn/SEC
TILT AZIMUTH 284,4961090 pEe T1LT ANGLE 12¢5497524 DEg
‘ SIGHA TILT AZJHUTH 20092114 pEG SIGMA TILT aNGLE +0019985 DEq
i SUN ELEVATION AT PRIN GRND PNT 13,2971115 pEq SUN AZIHUTH AT PRINCIPAL GRND PNT 27549385529 DEg
LONGITUDE OF SUBSOLAR POINT -~ 5646718125 DEG  LATITUDE OF SUBSOLAR POINT - 11969851 DEe
§ _ALPHA . ‘ e =1342416029 DEG SWING ANGLE _ 4719580383 DEg
: o~ EMISSION ANGLE 13,3888720 pEG SIGMA SWING ANGLE ; U092} 14 DEg
G _PHASE ANGLE 89,9362545 DEG NORTH DEVIATION ANGLE 16745042953 DEg
YUOPHI 12,5426588 pEG XeTILT 24253767 DEG
~SIGMA PHy 20019997 DEG SIGMA X=TiLy . 20020003 Dgg
KAPPA ~167.415)82] pEq YoTILT 1205423081 pgg
-S1GMA_KAPPA ~—+0020001 pEw __ S1GMA Y-TyLr . F 20019997 DEG
OMEGA +4253767 pEG HEADING . ~77+5096133 DEg
_21GHA OMEGA 0020003 DEG . _SIGMA _HEADING 20020488 DEG
SCALE FACTOR, +0000000 MH/KkM LASER SLANT RANGE 0000000 KK
SPACECRAFY ALYITUDE (LgSER) . 20000000 kM ALVITURE pIFFERENCE 14019595306 kM
,ﬁégkgﬂﬂﬁﬁAEBLSNEiﬁéCiLQQMQQSLNEﬁH.M_~Wﬁ5wm-4ww R S HAGNITUDE (Kny
OF CAMEKA AXIS +75194203 ~v49759220 v43241776 L7847y,

.- _ TRANS;QRHgléﬂ

W IRIX FROM

TRANSFURMAT ION HATRIX FROM

SELENOCENTRIC TO CAMER,

v 658 0T2+00°
| v24428760+00 7616314+0g
E “e7I5T6120%00 "=+35845]60%gg"

* grq<jé 7 6 7 ; Vo""d—’h ‘
°

<603 TYT4Y %y

439600031 %0y
"eb69507320%00

‘Figure 24(a) -~ Firast Frame

LOCAL HORIZONTAL YO CAMERQ

~e95303354+00 »;21111122¢uo o 21,150%, %00
T*2178787g+gp =+975%4758%q ~e74241548=p
'“sziojsv9rvaU““f7sw31ujy7‘UT‘*“T91ETU777'ﬁ5”"“




e L. APOLLO |5 A15 R=38_PAN 12/7) FIN

PAGE = 98p8

e e . YEAR MONTH DAY, HOUR MINVTE SECUND ~ .
GHT 7} 8 21 33 60726
GET 7 59 5933
STATE VECTOR % ’ Y X Do7v Y LoT : 4 DOl
195040 535667753 Mﬁ_l]80'93078‘27mm‘lSIIQJQQZ‘OB B b10506356a e meb(93323 o mep742499
SELENUGRAPHIC 16737724304 =1} 8576459 7744376965 =el 349027 ~1eb1456,7 « 195408,
~SIGHALSELENODL . alH. ‘ _4.00. . oM w004 epuo_ USSR X 1 ¢ SR
LONGITUpg OF NpApIR PONT ~+4059029 pEg LaTITUGE OF NApIR POINT 24¢8270969 Dpg
STGHA NaDIR CONGITUDE 20011748 DEG STGMA NADIR LATITUDE +0001486 DEG
LONG OF CAMERA AX]S_ INTERSECT . ..+4249300 pEc CLATI OF CAMERA AX1S INTERSECT 4, 7411923 DEg
SPACECRAFT RADIJUS 1844,2630463 kM SPACECRAFT ALTITUDLE 10601730194 KH
_S1GHMA _SPACECRAFT RADIWS .»0000033 xH AZIMUTH OF vELOUCITY VECTUR. e 21707831726 DEG
MEAN ALTITUDE RATE . -.0118514% KM/SEC HORIZONTAL VELOCITY 196303245 KM/SEC
_TILT AZIMUTH 9643229122 DEG TiLI ANGLE 1202210604 Yt6
SI1GMA TILT AZ[MUTH ‘ «0094523 pEG SIGMA TILT. ANGLE i +U01979] DEa
_SUN ELEVATION AT _PRIN GRND PNY 30,7399483 pEe SUN _AZIMVUTH AT PRINCIPAL GRND PNT 1056415310 UEg
LONGITUDE OF SUBSOLAR POINT 56.2852306 DEG LATITUDE OF SUBSOLAR POINT 21982099 DEG
ALPHA N Hfl2o8551868 PEG  SWING ANGLE ... BB04883032 VEG
EMISSION ANGLE ‘ 12,980240) pEe SIGHA SWING ANGLE 0094524 OEq
PHASE ANGLE 72,0961779 pEG NORTH DEVYIATION ANGLE 17129861012 Dt
PHI =1202169367 pEu X=TILT ¢3199654 Ot
- S1GMA PHL s ..20019998 pEe D1GHA _X=TiLT et 0040002 DbG.
W KAPPA -172.1?95%79 DEG Y=TILT 1202167437 Obg

_S1GMA _KAPPA - ..+00Z0000.DEG SIGHA_Y=T]lLT IR 20019998 PEG. .
OMEGA 13199654 DEG HEADING ~82+1303682 Dra
_SIGMA OMEGA «0020002 pEG SIGHMA HEAQING 28020463 REG
SCALE FACTOR +0000000 M/KM LASER SLANT RANGE »U0000UD KM

_SPACECRAFT ALTITUNE(LASER)

SE;ENOGRAPNlC DIRLCTION COSINES X

OF CAMERA AXTS ee87571031 7

TRANSFORMATION MAIRIX FROM

«0000n00 KM

ALTLTUDE nlFEERENCE

=lnAe 1730194 K .

MAGNITUDE

(KH)

B | —
021660557 ~e431525560

108791008

TRANSFORMATION MATRIX FROM

SELENOCENTR]C TO CaMER,

eg 4326559 +00 ~¢50321237%00 e l8g8927,%00

B *239606%7 00 *666514%6%00 ~e70p573639%gg
- .NGT13§33766”””7§§od5{87366”"-6826223?‘66

Figure 24(b) - Last Frame

LUCAL HORJZONT.L TO CAMER,

~e9,814995,400
'-135719°z*00

.13391590+0u
314%+0g

»9990

~-111¢loqf’ﬂo
~eb5844206"g2

FYZi03ve44+gp0

*23313150%071

V77338




Mission: _Apollo 15 y Target: Panoramic Strip Photeogranhy

{ Rev: _ 50 ., Camera: 24 Inch Panoramic ' Frames: 9809 Through: 9827
- Coverage Interval: -
From: 25,7 Deg, N Lat., ;1L4 Deg ﬁ . long., To: gzwgeg,.g,_#; Lat., 3,1 Deg, W Long.
From: 175 Hr 34 Min 56.12 Sec, To: 175 ~Hr _36 Min _53,71  Sec GET
éA Date Processed: 12/3/71.  , APE Version Used: _7 ___ .
5 INPUT DATA
" e Trajectory Tape:
* HOPE Version Used: pB—g.1
Constants Used:
) Lunar Potential Model: 1.1
Ephemeris: _ JPL DE 19 (Dauhle Precisiaon)
Libration Model: RTICC (Kvziell)
Lupar Redips: 1738.09 U=z
{ Ephemeris-Universal Time Differcnce: 0.69583??3 Min
AN

- Base Time: Yr 1971 _Month _7 Day 26 Hr g Min 0 Sec 0

Computaticn Interval:-Computation at midpoint of each camera sycepn
14

Integration Interval® v2+5¢51°'(1x10* “= 64 Mifn,)

o Rt

¥
€
=
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Tnertial)

Time From Bace: 189 H, 9 M, 7.67 Sec .

Type: __QOne Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 50. For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

.

Components:

MR s pt s e s

X = _5445685.09 -246.0737 ' : , ;

% =
Y = _356948.16 Y= _5217.1922 g . !
Z = 2619968.86 5 - 1146.3435 :

e Telemetered Data Tape

o Data Source: Station tapes

Bit Rate: High

Date Edited: 1 Dec. 1971

Edited Data Tape No. 409624 File No.: 2 Location: Bldg. 12, MSC

Remarks: There were no gimbal data gaps within the interval.
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APE Card Inputs:

Time Of Launch: Yr 197] Month 7 Day 26 Hr 13 Min 34 Sec 0
Range Zero-Clock Zero Time Difference 0.79 Sec
REFSMMAT Used: .0550754 6626837 . 7468715
-.2300948 ~.7194511 . 6553216
. 9716085 -.2079433 .1128561

Camera Positioning Angles Used: The angle from the spacecraft body X-Z piané

to the camera optical axis when positioned for vertical or "
(camera positioning angle) was 37.75 degrees.

mono" photography

The angle between the camera'optical axis central position and its fore or

aft positions (excursionrangle) was 12,5 degrees.

Uncertainties Assumed:
* 1 degree in camera positioning angle

*0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:

ms in onboard clock bias definition
ms in onboard clock drift rate definition
ms in universal to sidereal time conversion

[
it O
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OuUTPUT

General Description:

The output iz a listing of two-page tabulztions of computed spacecraft state
camera orientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:
Generally the format will be that, showa in Figures 1 and 2. However, when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substituted

for the tabulaticn.

With the exception of its jinitial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:

1. Mission title

2. Magazine identification

3. State vector identification

4. Date of data origin
« Status of dara PRE = preliminary, FIN = final A ;

5
6. Frame number within the sequence

\11 entries of the second page of each tabulation are self explanatory. except
the photograph frame corner locations. These appear above or below the

corresponding frame corner rumber on the left-hand side of the page.

OUTPUT Summary: These photo evaluation data are for a strip of panoramic stereo
photography atarting at 3.4 deg. E Long., -25.7 deg. N Lat., and extending to 3.Q7
deg. W Long., 27 deg. N Lat.- Thronghout the gequence -the principal intersection
point falls slightly NW of nadir when the’tamera fs in its fore position and slightly
SE of nadir when It:ig in ita.aft positfon. All ffeld of view corner point positions ‘
included in these data are in error. ’ '

i
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APOLLO ;g Al5-R50 PAN 1l,/71 FIN PAGE - 9809
YEAR MONTH DAY HOUR MINUTE SECOND
- GHT 71 8 2 A [ 56910 N
GET 7 7 34 56+118
STATE VECTOR X ¥ Z X voT Y 0OOT PARLY )
195040 J0e44031077 1238,17420%6 136840065002 ] 5845859 ~eJd051 848 e 2274747
SELENOGRAPHIC 166D0,58746368 123.2761488 795,2398758 ~.0638333 *1+5889282 «3544070
SIGHA(SELENO) «08 1e97 L] «002 «000 « 001
LONGITUDE OF NADIR POINT 4,2454236 DEG LATITUDE OF NADIR POINT 25.52468807 DEe
SIGHA NADTR LONGITUDE 0011751 DEG STGMA NADTR UATTTUDE T000269] DEG—
LONG OF CAMERA AXIS INTERSECT - 34269552 DEG LATI OF CAMERA AXIS INTERSECT 25+69946033 DEG
SPATECRAFY RaDIUS IXRLEYELEE B RAR SPACECRAF T ALTITUDE TTUVVZYRIETR KA
SIGMA SPACECRAFT RAD[US «0000047 KM _AZgMUTH OF VELOCITY VECTOR 28441991768 DEgG
MEAN ALTITUDE RATE ~«0100000 KM/SEC  HORIZONTAL VELOCITY 16296002 KN/SEC
TILT AZIMUTH .283,3484268 DEG TILY ANGLE 120788298 DEw
- SIGMA TILY AZIMUTH +0095578 DLG SIGHMA TILT ANGLE «002000p DEw
SUN ELEVATION AT PRIN GRND PNT 43.0617847 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 11649342403 DEG
LONGITUDE OF SUBSOLAR POINT 44,2883707 DLG LATITUDE OF susso%AR POINT «l728380 DEG
ALPHA 1242661870 DEG SWING ANGLE : 26942493973 DEG
EMISSION ANGLE 12,8348119 DEG SIGMA SWING ANGLE «0095578 Otea
T _PHASE ANGLE - o 34,5530534 DEG NORTH DEVIATION ANGLE 16645689354 DEG
& PHI 12,0778297 DEG XaTILY & ~¢ 1570695 OEG
_SI1GMA PH] 20020000 DEG SIGHMA x=TILTY «0020000 DEG
KAPPA -165.9175797 DEG YeTILT »1240777838 DEG
_SIGHA KAPPA - ...«0020000 DEa _SIGHA YeTiLY o _.....=0020000 Ote
OMEGA =+ 1570695 DEG HEADING ~ »75.8839684 DEG
SIGHA OMEGA o .+0020000 DEG _..3I1GMA HEADING +0020453 DEG
SCALE FACTOR «0000000 M/KM  LASER SLANT RANGE 0000000 KM
SPACECRAFTY ALTITUDE(L&SER) + 0000000 KM ALTITUDE DIFFERENCE "lD72943878 KM
SELENOGRAPHIC DIRECTION COSINES X Y z MAGNITUDE (KM}
OF CAWERA AXTS T=eBB5E7I323 = s 26991000 =V3ITTTYEZN IOV ETYIIR T
. TRANSFORMATION MATRIX FROM TRANSFORMATION MATRIX FROM

ssuiuocéﬁTaxc'Tﬁ“tiﬁtﬁi“”**”‘“ COCAL AORTZONYAL YU CANERA — ~ T

T V95971501 +00
223054515+00
~a 18806427400

~+37490403%0
o7go72797fpo
269219261 %00

e295124992+%00 ~o94833466+00
~e65375838+Q¢ “024331656+00
069677975+ 0p T T 263603V IYE

vZ38498785%00
=+96994300%ag
= 493189701

«209239%1%00
+27413764%02
WITIBEG61%00

Figure 2543) - First Frame



aPoLLO 15 Al5eR50 pAN Li/71 FIN PAGE = 9827
o YEAR MONTH DAY HOUR MINUTE SECUND
. GHT 74 I Tt Tgwiege o :
o o o GET ; , 7 7 36 53e¢70b ‘

STATE VECTOR bt ' Y ) o z ST K bary T T Y bor L plrT
19500 21642817268 119546721191 138743274384 165732434 =~eM1704%1 «lp0o7%08 -
SELENOGRAPHIC 1644,2038574 ~64,41912380 832.7850418 ~e2]162465 “1+57165868 T e287184227

SIGHMA(SELEND) e 027 . be97 w35 __+002 «000 P b0l

LONGITUDE OF NADIR POINT

S1GMA NADIR LONGITUDE
LONG OF (CAMERA AXIS INTERSECT

“2+2436752 DEG

L0012037 DEG
=3,0714267 DEG

LATITUDE OF NADIR POINT
SIGMA NADIR UATITUDE
LATI OF CAMERA AXIS INTERSECT

26c8493866 DEG

20002153 DEG
2609662631 DEG

SPACECRAFT RADIUS

SIGMA SPACECRAFT RADIUS
HEAN ALTTTUDE RATE -~ 0100840 KM/SEC
TILT AZIMUTH o 27945625343 DEG_
SIGMA TILT AZTHUTH +0095760 DEG
SUN ELEVATION AT PRIN GRND PNT 37,2501926 DEG

18499,203628% KH
+0000031 KH

TTHORTZONTAL VELOCTTY

SPACETRAFT ALTITUDE )
AZIMUTH OF VELOCITY VECTOR

TU6«TTIBUTTYT KH
28143400192 DEta
TN 6306396 kKM/SEC
12,0587355 OEG

w00199y9 DEw
112.4973059 DEG

_ TILT ANGLE

SIGMA TILT aNGLE ~
SUN AZIMUTH AT PRINCIPAL GRND PNT

LONGITUDE OfF SUBSOLAR PONT 44,27177498 DEg
ALPHA 12,2969745 DEG

LATITUDE Of SUBSOLAR POINT
SWING ANGLE

< 1728011 DEY
26842585793 DEG

EMISSION ANGLE 1248038797 DEG
T PHASE ANGLE 4043668861 DEG

SIGMA SWING ANGLE
~NORTH DEVIATION ANGLE _

+0095760 DEG
169.2953491 DEG

SPHl 12,0503353 DEq TXeTILT ~¢3636653 UEG
SIGMA PH] 20020000 DEw SIGHA XeTULY : 0020000 DEG
KAPPA ) ~16847344475 DEG YT LT ~12.050089}) DE3
SIGHA KAPPA . . +0020000 .DEG _SIGHA YeTILY e +0020000 DEG
OMEGA ~e3636653 DEG "HEADING ~7Be06568117 DEG

SI1GMA OMEGA

SCALE FACTOR
SPACECRAFT ALTITUDE (LASER)

0020000 DEG
.0000000 M/KHM
«0000000 KM

_SIGHA_HEADING

TLASER SUANT RANGE
ALTITUDE DIFFERENCE

+002045] DEG

0000000, KK
"106-1136017 XM

SELENOGRAPHIC DIRECT]ON COSINES X

Y i ,HAGNITUDE (KM

orvcanﬁaa AXTS <+ BY560835

TRANSFORMATION MATRIX FROH
SELENOCENTRIC TO CAMERA

*v17102941 =+4]065145

TRANSFORMATION MATRIX FROM
LOCAL HORJZONTAL TO CANERA

+ 9687040300
©23195219+00
-~ 88377983=01

v'13089'57'00
+72295024*00
e 68194280%00

+22207110%00
~+65080029+00
¢ 72604638%0p

'“95336256’00
"019535267+00
0205Y60%1+00

*19235142+%00
=+98071247 %00
=+ 34677164 -D

*6347 154002

TGB LWy -

52u37¢a72¢00'"

WYTTIUNBYSG0

Figure 25(b) - Last Frame
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Mission: _Apollo 15 » Target: Pagoramfc Srrip Phatography.

Rev: 60 » Camera: 24 Inch Panoramic  ¥rames: 9828 Through: 992

Coverage Interval:
Frem: _8.1 Deg. N Lat.,39.3 Deg. E Long., To: _ 25,3 Deg, N Lat., 4.4 Deg. W Long.
CFrom: 195  Hr 4 MW 30.21 Sec, To: 195 Hr 19 Hin _45.95 Sec GET

Date Processed: 12/3/71 | APE Version Used: A

~ INPUT DATA

o Trajectory Tape:

~ HOPE VersionkUsed:_AB_ﬁ 1 ’ _

Constants Used:

Lunar Potential Model: 7.3

Ephemeris: _JPL DL 19 (Dauble: Precision)

Libration Model: _RTCC (Ruziell)

Lunay Paodics: 1728,00 ¥n

Ephemeris-Universal Time Difference: (),69533313 Min.
Base Time: Yr _1971 Month _7 _ Day 26 Hr _g_ _Min 0 _ Sec _ g

ion Interval: Computation at midpoint of each camrera sveen
isyeep

- 64 Min.)

Integration Interval: v 1 {(1x10
g Nariable {4 .




Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Inértial)

R

Time From Base: 208 H, 51 M, 11.11 Sec _ .

Type: __One Revolution Solution

‘Description: This vector was determined: from a solution based on a fit of
data from Rev 60, For the solution the energy of the orbit was constrained
to be an analytically determined value.

b,
o

Units: Feet, Second, Degree

Components:

—354.9182

bl

RO TSI

- X = _5574224.19
Y = 354480.73 ¥ = -5106.8394 . ) :
z = 2379220.06 3. 1496.9973 §
e Telemetered Data Tape - ' ) b %
Data Socurce: Station tapé %
Bit Rate: High
pate Edited: 1 Dec. 1971
Edited Data Tape No. 409624 = ri1e No.: 3 Location: Bldg. 12, MSC

B Remarks: There were no Slgnlflcant gaps in the telemetered vehicle attitude data
4 for this interval K
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APE Card Inputs:

Time Of Launch: Yr 1971 Month .. Day _2f¢

Range Zero-Clock Zero Time. Difference

REFSMMAT Used: .0550754

-.2300948

Tt 9716085

Camera Positioning Angles Used:

to the camera optical axis when p
(camera positioning angle) was 37

The angle between the camera o
aft positions (excursion angle

Uncertainties Assumed:

Hr 13 Min 34 sec

N

0.79 Sec
.6626837 . 7468715
=.7194511 - . 6553216
2.2079433 .1128561

ptical axis central position and its fore or

The angle from the spacecraft body X-Z plane
ositioned for vertical or "mono"
+75 degreés.

) was 12.5 degrees.

* 1 degree in camera positioning angle

*0.2 mrad in each gimbal angie

$21.2132034 ms film exposure RSS time uncertainty including:

Ho

20 ms in onboard clock bias definiticn
5 ms in onboard clock drift rate aefinition
5 ms in universal to sidereal time conversion

4=45
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CUTPUT
General Descripiion:

The output is a listing of two-page tabulations of computed spacecraft state
carmera orientation and photograph position and lighting data. Each
tabulation presents the results of computations for a specified time within the

range covered by the magazine.

Format:

Generally the format will be that shoiwm in Figires 1 and 2. However, .when
the calculated camera aiming direction is above the lunar horizon, a message
to that effect along with the computed value of the tilt angle are substitutad

L

for the tabulztion.

With the exception of its initial line, the first page of each tabulation is
self explanatory. The initiail line contains six entries that are from left
to right:

1. Mission title

2. ﬁagazine identification

3. State vector identification

4. Date of datz origin

w

Status or data PRE = preliminary, ¥IN = final -

6. Frame number within the sequence

All entrias of the second page of each tabulczion are self explanatory. except
the photograph frame corner locations. These appear above or below the

corresponding. frame corner number on the left-hand side of the page.

OUTPUT Summary:These photo evaluation data are for a strip of panoramic stereo
photography starting at 39.3 deg. E Long., 8.1 deg. N Lat. and extending to 12.7
deg. E Long., 20.1 Deg. N Lat. (Frames 9828 through 9919) and for two mono test
cycles. Frames 9920 through 9924 and Frames 9925 through 9929. Throughout the
stereo coverage the principal intersection point falls slightly NW of the nadir
point when the camera is in its fore position and slightly SE of the nadir point
when in the aft position. Throughout the test cycles, nadir and the principal
intersection point are easentially coincident. All field cof view corner point
locations included in these data are in error. .
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S R VR S e e g

APOLLO |5 Al5=R60 PAN JI/7] FIN PAGE = 9825

..... YEAR MONTH DAY HOUR MINUYE SECOND . e
. TGHMT 7y o8 k) 16 . 38 - 31007, h .
- ,GEr - a a 4 10.232 : :
STATE VECTOR X : y | bé X DoT Y Dot 4 Z oo7
195040 ~1319v7n277«n 1078+509858 7385615082 120844605 . 26046945 , 120395765
SeLgNQGR,P 140842602234 11855262604 2480395896 e8388022 "1e1632934 : ¢7520564
sfeha(Sepefds 1404 le4Y4 094 +001 , 2001 ; 2000
LONGITUDE OF NADIR POINT i 4090919261 pEG LATITUDE OF NADIR POINT ’ ’ 7.4787674 OEG
STGHA NADIR LUNGTTUDE . - s0UOY&T0 DEG STGHA " NADIR CATTITUDE : e U005T29 DEG
LONG oF CAMERA AX|S INTERSECT 3943194108 DEG LAT] OF CAMERA AX]S INTERSECT 840731758 DEG
SPACECRAFT RADIUS 1857¢4903717 KM SPACECRAFT ALT{TUDE 119049003448 Kn
SIGMA SPACECRAFT RADIVE e %000004} KM AZIMUTH OF VELOCITY VECTOR 29749748257 DEG
MEAN ALTITUDE RATE =10060327 KM/SEC HORJZONTAL VELOCITY ' v61935)0 KM/SEC
ALY AZIMUTH , 29743197174 DEG TILY ANGLE , 4 1231749348 0EG
SIGMA TILT AZIMUTH +0093753 DEG SIGHMA TILT ANGLE ‘ '+0020000 DEG
SUN _ELEVATION AT RRIN_GRND PNT BN+4732140 DEG SUN AZIMUYH AT PRINCIPAL GRND PNT 212:07%7027 Dfg
LONGITUDE OF SUBSOLAR POINT 3403822408 DEG LATITUDE OF SUBSOLAR POINT w1499191 DE6
ALPHA i =]0+9705530 DEG_ - SHING ANGLE 2690 R8156) DEG
~ EMISSION ANGLE : 1301783233 DEG SIGHA SWING ANGLE ‘«009375)3 DEG
4'\EugsL;ANr,t,f..“m.‘..;._..._.ﬁ___-_m_W‘ e 147319818 DEG NORTH DFEVIAYION ANGLE 1525913277 0EG
~MPHL 1243162355 pEG X=TILT “e 1731834 DEG
S1GMA PHI 20020090 DEG SIGHA X=T31 Y i 20020000 Qfg
KAPPA ‘ ' ~151+8871346 DEG Y=TILT ~12¢3161778 DEG
_SIGMA KAPEANM“,*_NMWﬂ-Awwv“_“memw«Jﬂﬂlﬂﬁﬂﬂ_ﬂﬁﬁ SIGHMA Y=TJ| T , 20020000 REG
OMEGA . “el731834 DEG HEADING ~61+8493233 pee
21eHA QMEGA e e e . 00020000 DEG S16MA HEADING ] 2002047} QEG
SCALE FACTOR _ +0000000 M/KM LASER SLANT RANGE ' 20000000 Kn
SPACECRAFT ALTITUDE(LASER) + 0000000 KM ALTITUDE DIFFERENCE =119¢4003448 KM
~_SELENOGRAPHIC DIRECTION COSINES X Y b4 MAGNITUDE (kM)
OF CAMERA AX1S -+ 62864586 -077696926 ‘ ~e03351319 i 12244444
_ TRANSFORMATON HATRIX FROM TRANSFORMATION MATREX FROM
 SELENOCENTRIC TO CAMERA - _ ' LOCAL HORIZONTAL TO CAMERA
v49946118%00 v 48863844400 ¢71538164+00 ' "e86141773400° «46093385+00 * 421330625400
+22370072+00 *72500996+00 =,65139730%00 =2 47120783+00  =.882016%97¢00 . +302261%0°02

'!83695669’00, +48537994+%g0 .252805‘{5‘00 »18953297+0Q0 ~e97907888=0] _z '976980‘.‘00

Figure 26(a) - First Frame




APQLLO §5

Al5=R60 PAy 11/71 FIN PAGE =~ 9929
 YEAR HONTH DAY HOUR MINUTE secowo B
GMT 71 8 3 lo 53 464739
. GET ) .8 3 19 45,945 v e
STATE VECTOR X Y z X DoT Y DOT Z porv
195040 2743542285 124505547791 13650987625} 105856647 _ "g26]78)4 02542932
SELENOGRAPHIC 1666+¢3952789 - ~134¢62065]2 78943549118 wedl15689 ‘w1 e5548356 1364608}
SIGHA(SELENO]) 039 1992 245 1002 2000 . 2001
LONGITUDE OF NApIR POINT "4+6186409 DEG LATITUDE OF NADIR POINT 25+2744253 DEG
SIGHA NADIR LONGITUDE: +0011660 DEG STGMA NADIR LATITUDE 40002736 DEG
_LONG oF CAMERA AX|S INTERSECT ~4e6416428 DEG LAT! OF CAMERA AX[S INTERSECT 2542590199 DEG
SPACECRAFT RADIUS 18488042297 KM SPACECRAFT ALT]TUDE ' L1007 142029 KN
SIGMA SPACECRAFT RADIUS 20000028 kM . AZIMUTH OF VELOCITY YECTOR 28445529709 DEG
MEAN ALTITUDE RATE ~v0119420 KM/SEC HURJZONTAL VELOCITY 106270492 KH/SEC
TILY AZIMUTH 2334843424 DEG TILT_ANGLE 40649425 VDES
SIGHA TILT AZIMUTH *2814672 DEG SIGMA TILT ANGLE +0020038 VEG
SUN _ELEVATION AT PRIN GRND PNT 44.82943%92 DEG _SUN AZIMUTH AT PRINCIPAL GRND PNI 11797070665 LEG
LONGITUDE OF SUBSOLAR POINT 3442529931 DEG LATJTUDE OF SUBSOLAR POJINT +i496083 DEG
—ALPHA : 21852699 DEG SWING ANGLE . 21842463379 0KG. .
T EMISSION ANGLE ©4322237 DEG SIGMA SWING ANGLE 2814631 DEG
& PHASE ANGLE- M_Ax4xngg¢1;_g£sW_“Aﬁ_unaxhunsx44¢;nNmAusLﬁwwh"W_W_MMWwMMWLs1@113115¢,uﬁbn*ﬁ_<
PHI v25]5737 DEG XeTILT =1:3191549 DEG
~SHOMA_RH 2+ 0020000 0DEG SI1GHA XauT ]| T 0020000 0EG
KAPPA _ ~16447625980 DEG Y=TILT nv2515698 UEG
SIGHA_KARRA. - : +0020000-DE6 . SIGMA. YmTQyT . . 20020000 PEG
OMEGA =+3191549 DEG HEADING ~7447641942 VEG
SIGMA_JMEGA 20020000 DEG ... S]GMA _HEAD[NG -2 0020000_ DEG
SCALE FACTOR 10000000 M/KM LASER SLANT RANGE +0000000 KM

SPACECRAFT ALYITUDE(LASER]) 0000000 KN

ALTITQDE RIFFERENCE

SﬁL{NOGRAPHlC DIRECTION COSINES : X

=) 10e7142029 KM

A z MAGNTUDE (KM}

OF CAMERA AX]S »e89997706

06698630 "o 43075994 110717178

TRANSFORMATION MATRIK FROM.

TRANSFORMATJON MATRIX FROM

SELENOCENTRIC JO CAMERA

LOCAL HORJZIONTAL TO .CAMERA

«¥7161096+00 *e16162251¢00

S +43907063+02

* +17277237+00 “e96482939+400 - 426284021400
223570527400 272418280400 =464807576*00Q T026281504¢00 .96483010¢00 +55702740°02 .
=e2p375039-0] 67040093400 STHITIvEEY o *57002695=02  +42203922~02 ' +9999748%+00
) ‘Figure 26(b) - Last Frame ‘ k -
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Mission: Apollip 15 » Target:! Panoramic Strip Phatograpghy

Rev: 61 » Camera: 24 Inch Panoramic  Frames: 9930 Through: 9941

e

Coverage Interval:

From: 24.1 Deg. N Lat., 1.07 Deg. W Long., To:25.2 Peg. N lat.,5,14 Deg, W iong.

Date Processed: 12/6/71 _ , APE Version Used: _ 7

.

INPUT DATA
o Trajectory Tape:

HOPE Version Used: Rg 1

Constaﬁts Used:
Lunar Potential Model: 1.1
Ephemeris: _ JPL DE 19 (DnubTe'Prenjq;nn)
Libration Moa_ei: RICC (Koziell) _
Lunar Radfue: 1738.09 Knm
Ephemeris-Universal Time Difference: 0.69583333 Min
Base Time: Yr 1971 Month _7  Day 25 Hr g Min 0 Sec 0
Computation Interval: Computation at midpoint of each camerg swpeep —
Integration Interval: _Variable (ix10—14 - 64 Min,) .
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Initial State Vector Used:

Coordinate System: Selenographic (Instantaneous Ipertial)

Time From Base: 210 H, 49 M, 22.63 Sec

Type: __One Revolution Solution

~Description: - This vector was determined from- a:.solution based on a fit of
data from Rev 61 . For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components:

4o

X = 5588264, 69 ~3584 7006
Y = 357332.44 v = -5094.6204 ¢ .
7 = 2349669.17 7z = 1531.8581
e Telemetered Data Tape
Data Source: MSFN
Bit Rate: _ High
_ Date Edited: .. - Dec. 1971
Edited Data Tape No. A09569 File No.: 1 Location: Bldg. 12, MsC

Remarks: There were no gaps in the gimbal data used for this sequence,

4 . 4-50
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APE Card Inputs:

Time Of Launch: Yr 197] Month Z___Day 25 Hr _ 13 Min 34 Sec 0

Range Zero-Clock Zero Time Difference 0.79 Sec
 REFSMMAT Used: 0550754 .6626837 . 7468715
~.2300948 -.7194511 = 6553216
.9716085 -.2079433 .1128561

Camera Positioning Angles Used: The angle from the spacecraft body X-Z plane
to the camera optical axis when positioned for vertical or "mono" photography
(camera positioning angle) was 37,75 degrees.

The angle between the camera optical axis central position and its fore or
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:

* 1 degree in camera positioning angle

%0.2 mrad in each gimbal angle

$21.2132034 ms film exposure RSS time uncertainty including:
%20 ms in onboard clock bias definition

5 ms in onboard clock drift rate definition
* 5 ms in universal to sidereal time conversion
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OUTPUT
General Descriprion:

The output. is a listing of two—-page tabulations of computed spacecraft state
camera orientatrion and photograph position and lighting data. Each
.. tabulation presents the results of computations for a specified time within the

rang? covered by the magazine.
Format:

Gerierally the forwst .will be that shown in Figures 1 and 2, However, when

the caleculated camera aiming direction is above the lunar horizon, a messags

-

to that effect along with the computed value of the tilt angle are substitutéd
g P g

for the tabulation.

With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
te right: .

1. Mission title

2. Magazine identification

3. State vector identification

Date of dota 2rigin

. Starus of data PRt = preliminar&, ¥IN = final

5
6. Frame number within the sequence

All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

cerresponding frawe corner number on the left-hand side of the page.

OUTPUT Summary:These photo evaluation data are for a strip of panoramic photographs
starting as vertical photography at 1.07 deg. W Long. (Frame 9930), remaining
vertical through 4.5 deg. W Long. (Frame 9933); then stereo coverage from 3.2
deg. W Long. through 5.14 deg. W Long. (Frames 9934 through 9941). Throughout
the vertical coverage the'principal intersection points and vehicle nadir
remain essentially coincident. Throughout the stereo coverage the principal
intersection point is slightly NW of the nadir point when the camera is in its
fore position,and slightly SE of the nadir point when it is in its aft position.
All field of view cornmer points included in these data are in error.
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e

sy,

aPoL o 1% Als=R6T PAN 11771 FIN PAGE = 974 T e —
YEAR MONTH DAY HOUR  HINUTE SECOND T
GHT 73 ] 3 18 ‘52 250084 e
, GET : 8 5 I8 240287
STATE VECTOR X ~ Y z X Dot Y Dot Z pov
19500 "=17.8676424 1243.6%60602 1368,081 2488 1.5857000 “2 2689939 K 2472712
SELENOGRAPH] C 166144529877 ~175.4196854 792.1443100 =+ 3484] 20 ~105478444 «3600624
SIGMA(SELENO) T Te92 45 2002 «000 «001
LONGITUDE OF NADIR PO[NT =6.0270805 pEg LATITUDE OF NADIR POJNT 26.3676207 DEG
SIGMA NADIR | ONGITUDE ke S]eMA NADIR LATITUDE 0 PEG

*5.,1394046 DEG
In8,970153p kM

LONG OF CAMERA AX
SPACECRAFT RaDIUS

IS INTERSECT

LATI OF CAMERA AXIS INTEKRSECT
SPACECRAFT aLTITUDE

25414693125 DEG
110801250 KN

SIGMA SPACECRAFT RADIUS «0000025 kN AZIMVUTH OF vELOCITY VECTOR 284,385,101 3 DEG
MEAN ALT|TUDE RATE ~20119577 KM/SEC HORJZONTAL VELODCITY 10268479 KM/s5EC
TILY AZIMUTH 103.689886] DEG TILT ANGLE 124723823} Dgg
SIGMA_TILT AZ[MUTH 20090822 DEG SIGMA TILY ANGLE 20019994 Dgg
SUN ELEVATION AT PRIN GRND PNT 95427514585 DEG SUN AZINUTH AT PRINCIPAL GRND PNT 11840610342 DEg
LONGITUpE OF SUBSOLAR POINT 33,2483234 pEG LATITUDE OF SUBSOLAR POINT Y4718 DE
ALPHA . =13.2845217 pEG . SWING ANGLE 89:,4932976 Okq
EMISSION gNGLE i 1),5509170 pEG SIGHA SHING ANGLE 0 822 0gg
PHASE ANGLE ) 57.9452386 DEG NORTH DEYIATION ANGLE 165.8012908 DEG
PHI ol 3 Eg A=T1bLT +h 118923 Vg
& 51GHA PH] «0019999 DEG SIGHA XeTILT «0020002 DEg
S_LAﬂﬁA__; =165.8158855 NEG YeTIihT 122723 0
SIGMA KAPPA +0020000 pEs SIGMA YeTLT 0019999 Deg
: i **____W‘Mﬁ‘_~_*~.ﬁ~~_“4111£11;_n£&______ﬁﬁAnL&&_¥ ——— ~75+7906857 DEG
SIGHA OMEGA ' +0020002 pEG" SIGHA HEADING +0020503 pee
F m_ﬁw&ﬁ.._‘~__w~m___kaqnannﬂ_ALisn,%__k,_J..As£ﬁ~sJ.Au1“ﬁAnﬁ;_»w___*,&m_h,_“w_,_W.Qmmnﬂﬂmjm_.__mw
SPACECRAFT ALTITUDE (LASER) «0000000 Knu ALTITUDE DIFFERENCE . ~110.8801270 kM
SELENOGRAPHIC DIRECTION COSINES X i ’*?*‘“““““_“—__*“”‘"7““““ RAGNITUDE (kM) —
OF CAMERA ax1S -+83183861 030301137 -e 46500390 __113e85704g
TRANSFORMATION MATRIX FROM ' TRANSFURMATION MATRIX FRom
N SELENOCENTRIC TO CAMpRa o LOCAL HORIZONTAL 10 CAMERA .
*95347970+00 ~+30124330+gp =.11352848~9] ~e98560169+00 °23993762%00  ~.22024350¢
+220262%4 Q0 *+7218881]+qqg =.65601958*QQ “02450381%+gp -0969511a0*90 =e19476813"g2
»2058171

_ 2 D*00  +62300082+gg -75465843+40 _

~«2,399466¢Qo ‘52I2°2“7“0Lw_ .925443Q{:QQ&_

'Figure 27zgik:ﬂiast Fr;;g‘




Lo,

Rev: - --63 -, Camera: 24 TInch Panoramic  Frames: 9942 Through:

Coverage Interval

From: 25.2 Deg. Lat., _109.9 Deg, E Long., 6.9 Dgg H _Lat.

" From: 200 Hr 33 Min 45.86 Sec, To VVZQO ' Hr‘ 59 an gz 9 ]

Date Processed: _1/4/72.. , APE Version Used: 7 .
INPUT DATA
® Trajectory Tape

HOPE Verszon Usedﬂ B=f.1

Mission: Apolio 15 . —» Target: Panoramic Srrip Pharogsraphy

165

38,2 Deg E Long

Sec GFI

Constants Used:

Lunar Pbééu?i&l'ﬁgééf:‘L_1

Ephemeris:-- JPI,"DE-19- (Dauhle P¥sprisian)

Libration Model: RTCCK(Kuziell)

d2usz:  1722.02 Xnm

Ephemeris-Universal Time Difference: (,69583333 Min

Base Time: Yr 1971 . Month .7 .. Day - 2% "Hr g - "Min -0 77 «Sec¢

Computation Interval: Computation at mldelﬂt of each cunera syeen

Lnteg;ation Interval Vardshle ( xlO =16 64 Mln )
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Initial State Vector Used:

Coérdinate System: Selenographic (Instantaneous Tpertial)

Time From Base: .

Type: __One Revolution Solution

Description: This vector was determined from a solution based on a fit of
data from Rev 63. For the solution the energy of the orbit was constrained
to be an analytically determined value.

Uaits: Feet, Second, Degree

Components:

- X = _5615994. 30 X = _-367,7504
Y = 357003.71 ¥ = _-5070.78 ’ 3
Z = 2289724.61 Z=__1598.78
e Telemetered Data Tape
Data Source: Station taées
Bit Rate:  High
bate Eafred: 4 Jan. 1972
Edited Data Tape No. __ 409569 File No.: 3 Location: _ Bldg. 12, MSC

Remarks: There are no significant gaps in the telemetered vehicle attitude
data for the interval of this sequence. - — - - - o o .
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e APE Card Inputs:

Time Of Launch: Yr 1971 Month _ 7 Day 2 Hr 13 Min 34 Sec 0
o Range Zero-Clock Zero Time Difference ‘ 8,79 Sec
REFSMMAT Used: .0550754 .6626837 . 7468715
~-.2300948 : -.7194511 .6553216
. 9716085 -.2079433 - .1128561

A,

Camera Positioning Angles Used: Tpe angle from the spacecraft body X-Z plane
- to the camera optical axis when positioned for vertical or "mono" photography
(camera positioning angle) was 37.75 degrees.

The angle between the camera optical axis central position and its fore or
aft positions (excursion angle) was 12.5 degrees,

Uncertainties Assumed:
* 1 degree in camera positioning angle

$0.2 mrad in each gimbal angle

P

o 121.2132034 ms film exposure RSS time uncertainty including:
320 ms in onboard clock bias definition
% 5 ms in onboard clock drift rate definition
% 5 ms in universal to sidereal time conversion

.
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Cenered Descriprion:

The cutput is a listing of tvo-page tabulations cf cempured spacecraft state
camera orientation and photograph position and iighting data. Each

tabulation presents the results of comyutations for a specified time within Lhe

range covered by the niagazine.

Format:
Generally the format will be that showm in Figures 1 and 2. lowever, wher
the calculated camera aiming direction is above the lunar herizon, a message
to that effect along with the computed value of the tilt angle are substituted
for th: tabulation.
With the exception of its initial line, the first page of each tabulation is
self explanatory. The initial line contains six entries that are from left
to right:
1. Mission title

. Magazine identificatrion

2
3. State vector identification

o~

Date of datz origin

Status of data PKRE = preliminary, FIN = final

(oA V]
.

Frame number within the sequence

All entries of the second page of each tabulation are sgelf explanatory exzcept
the photograph frame cornmer locations. These appear above or below the

corresponding frase corner number on the left-hand cide of the page.

OUTPUT Summary:Thege photo evaluation data are for two strips of stereo panoramic
photography and a gingle sequence .of mono panoramic photography. The first stereo
strip starts at 1Q9.9 deg. E Long., 25.2- deg. S'Lat (Frame 9942) and ends at 65.4
deg. E Long., 7.6 deg. S Lat.  (Frame 93). 'The sequénce of mono photography starts
at 64.1 deg. E Long., 6.9 deg. § Lat. (Prame 94) and ends at 51.5 deg. E Long.,

0.1 deg." S Lat. (Frame 117). The second strip of stereo photography starts at 50.4
deg. E Long., 0.5 deg. N Lat. (Frame 118) and ends at 38.7 deg. E Long., 6.9 deg. N
Lat. (Frame 165). All stereo photography is essentially along the plane of flight
with the camera optical axis in its central position directed approximately at the
vehicle nadir. Throughout the mono sequence, a near zero tilt 1s maintained so that
the principal intersection point and vehicle nadir remain near coincident. : i
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AROLLO }5  AJS RAD PAN 12/7) FIN PAGE = 9942
YEAR  MONTH DAY  HOUR__MINUTE SECOND
GHMT 71 8 3 22 .7 46,4650
GET . A f 3a 454857
STATE VECTOR X : Y : 4 ’ X 00T Y oot Z DoT
195040 #l 448232038080 ~47425245628 ~1026529140930 ~e 301739 120376278 °83}]587¢
SELENOGRAPHIC ~59447404175% 156540153351 =795+3307419 j9406%661 +7274131 °3570824
SIGMALSELEND) 1e24 291 250 +001 2001 : 001
LONGITUDE OF NADIR POINT 110.8078995 DEG LATITUDE QF NADIR PQINT ~2504099398 0EG
SIGHMA NADIR LONGITUDE +0011622 DEG ST1GMA NADIR LATITUDE 20002932 DEs
L ONG— O CANRRA—AXIS—INTERSECT 10849030841 DFG LATL OF CAMFRA AX]S INTFRSECY ~25+1943185 DEG
SPACECRAFT RADJUS 185345209961 KM SPACECRAFY ALTITUDE 1154309998 KM
SIGMA_SPACECRAKT_RADIUS «0000220 KM AZIMUYH QOF YELOCIYY YECYOR 28402702293 DEG
MEAN ALTITUDE RATE +0098348 KM/SEC - HORIZONTAL VELOCITY 106227094 KM/SEC
T T—AZFHUTH 28405727194 _DEg TILY ANGLE 1205139479 DEG
SIGHMA TILT AZIMUTH 0092315 DEG SIGMA TILT ANGLE «0019998 DEG
SUN—ERb AT HON—AT—PRIN—GRND—BNT +0+5033032-DEG SUN_AZI 275.1651991 DEG
LONGITUDE OF SUBSOLAR POINT 31.5940280 DEG LATITUDE OF SUBSOLAR POINY 1431485 DEG
AP HA =}3+739509DEG SH-ING_ANGLE 269:98R3232 DFG
EHISSION ANGLE 13+43599437 DEG SIGHA SWING ANGLE «0092314 DEG
PHASE—ANGRE 02.66466842 DEG HORTH DEVIATION ANGLE 16524162679 Dro
&~ PHI 125139657 DEG XeTILT -¢0025283 DEg
& SHe AR +0 049998 DEG SIGHA XnT LT »0020002 DEG
© KAPPA ~165¢415682) DEG Y=TILT =12+5139663 DEG
$1GHA—KAREA . 0020000 _DEG SIGMA Y=T1LY 20019998 DEg
OHEGA -+002528) DEG HEADING ~75¢4153214 DEG
SLGMA—OMELGA ~0020002 DEG SIGMA_HEADING 20020406 DEG
SCALE FaACTOR +0000000 H/KH LASER SLANT RANGE +0U00000 KM

SPALELRAET AL T TUPEALASERY 0000000 KM

ALTITUDE DIFFERENCE

SELEMOGRAPHIC DIRECTION COSINES X

Y 4

~11524309998 KM

(KNM)

OF CAMERA AXIS +50096675

MAGN]TUDE
~+72792544 c46814192

1184340687

e TRANSFORMATLON MATRIX_FROM

TRANSFORHATION MATRIX FROQM

SELENOCENTRIC TO CAMERRA

LOCAL HORIZONTAL YO CAMERA

«+s727735740¢0
421902473600

¢38710731+00
= 654099851200

«56617004«00
«72670315400

=« 94478523+00 «24582838+00

«21667788000

=225180018+00 =.96777894+00 _ +44126790-08

—— *e64994526400 +~+38904240+400 ~e65285318+00 ©20970688+00 ~,54517948=01 +¥7624326°00
» L TunE ANG L TUDE LALITUDE | ONGITUQE.
*252952 114264 =252 489 1120596
- ~21+388 99056 =23+810 106034} =
22687 98456y mZ4asbB)  l0A0&R
~264516 1149469 ~264110

Figure

— 1120424
28(a) - First Frame %




AROLLO 15§ AlS RAD PAN 12/71 FIN PAGE = 145
YEAR MONTH DAY HOUR MINUTE SECOND. . -
GHT 71 8 3 22 33 43,649
_ GET A B_. 59 B2 0 BO N

STATEL VECTOR X Y z X DOT Y oory ) Z DpoT
195U =} 344.2013860 . i1062.2916107 71824116745 120618682 16239626 . 1+05n8976
SELENOGKAPHIC 145447137909 11313334351 23502626362 07969704 ~lel901707 + 7547258
SIGMALSELEND) 299 Ls41 195 2«00} _— +001 «000
LONGITUQE OF NAD{R._POINT 1748722682 DEG LATITUNE QF NADIR POINT _.7+275151¢6 DEg
SIGHA NADIR LONGITUDE 0009590 DEG STGMA NADIR LATITUDE +0005180 DEG
LONG_OF CAMERA AXIS INTERSECT 3824720014 DEG LATY OF CAMERA AXIS INTERSECT 68787040 DEG
SPACECRAFT RADIUS ’ 185748094635 KM SPACECRAFT ALTITUDE 11971944672 KM
SIGMA SPACECRART _RADIUS .0000050 KM A7IMUTH OF VELOCITY VECTQR 49800569305 DEgG ;
HEAN ALTITUDE RATE =e005 1444 KM/SEC HORIZONTAL VELOCITY . 106189989 KM/SE(C
T AZJHUTH 11644938068 DEG TILT ANGLE I 126472787 DEG
SIGHA TILY AZIMUTH «0091362 DEG SIGHA TILT ANGLE «0019997 DEG
YN AT O N—A TR RJN—GAND Ray 80.,081845) DEG SUN _AZIMUTH _AY PRINCIPAL GRND PNT 2275172558 DFG
LONGITVUpDE OF SUBSOLAR POINT 3143742905 DEG LATITUDE OF SUBSOLAR POINT + 14926091 DEG
~ALFH A wB 23466925 DEG ——SWING ANGLE —-B8:254611610 DEG..___
EMISSION ANGLE 13¢6344275 DEG SIGMA SWING ANGLE «0091361 DEG

B AHAS E—A NGk 1346671563 - DEG MORYH DEVWJATION ANGLE . 152,6092720 DEG___

S PHI ~12+6434153 DEG X=TiLT +3149966 DEG
Si-GMA—RH-4 +00230000-DEG SIGMA _X=TJLT 20020000 DFEgG
KAPPA 15201022549 DEG Y=TILY 1246432204 DEG
SHeHA—KAPPA +0020000-DEG SIGMA_Y=TJLT SR 4. 0020000 _DEG.
OMEGA : 23149966 DEG HEADING =62+0315948 DEG
$1GHA—OMEGA «0020000_DEG SIGHA _HEADING — . + 0020497 DEG.
S5CALE FACTOR +0000000 M/KHM LASER SLANT RANGE + 0000000 KM
BRACECRAFET AT TUDEALASERD - 0000000 KM ALTITUDE DIFFERFENCE : »119;719Qﬁ72 KH

SELENOGKAPHIC DIRECTION COSINES X Y Z NAQNXTUDE (KM)

- OF CAMERA AXIS =eB7454107 ~e43190894 ~e22044862 . 122,910065 —

Yu.mcfnnmATlnM HATR

RIXA—ERQOM
L3 A

i

TRANSFORMATION MAYRIX .FROM

LA S

SELENOCENTRXC T0 CAHERA

LOCAL HORIZONTAL YO CAMERA

+79642309+0p +2537565g+00 "

e54892454+00 ~e36179032¢+00 245761269400 ~021887935°00 —
e B AT 440G T4 I U I G MG 0D e 85T IR TTL00 =2 H67B8A778¢00 «,88377041+00 =»+Hh497464998=02
YT =ebbl61415e0p +646991264U0  ¢51574389400 ~+19595500400  ,97673121-01 97873639200 —.
LATIIUDE LONGIYUDE LATITUDE IQNEIXUQ:
22094 492099 —56573 42,133
94223 344823 T T 84350 36580
BabA9 344544 Figure 28(b) - Last Frame ——JeZ63d  14a210_
+825 484354 He744 41-616
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ST e L R SRR R s o ey e

- Rev: _. 72

Mission: Apollo 15 > Target: Panoramic Skrip Photagroses.

» Camera: 24 -Inch Panoramie

Framest _ 166 Throwgh: 373

Coverage Interval:
From: 17.17 Deg. N Lat.,l8.06 Deg, E Long., To:27.3 Deg. N Lat., 7.8 Deg. Y long
. Date Processed: lZ[léZ?l-fg‘APE Version Used: _7 |

INPUT DATA
e Trajectory Tape:

HOPE Version Used: p.g 3

Constants Used:

Lunar Potential Modgi:_L;l

Ephemeris: _JpL DE 19 (DnQBTP'DrPriqfnn)

Libration Model: _RTCC (Koziell)

Lunzy Radius: 1738.00 w=

LUDEE s

Ephemeris-Universal Time Difference: (), 69583333 Min

Base Time: Yr _1971 Month 7 Day 26 Hr _0 _Min 0 Sec g

Computation Interval: Computaticn at midpoint of cach camera syeen

. M : : -14 '
Integration Interval: Variahle (1x10 ~ 64 Min.)

4=61




Initizl State Vector Used:

Coordinate System: Selenographic (Instantaneous‘Inertial) ’ \}

Time From Base: 232 H, 29 ., 2.0 Sec-

Type: __One Revolution Solution

DESCflPtion Tbls vector was determined from a solution based on a fit of
data from Rev 72. For the solution the energy of the orbit was constrained
to be an analytically determined value.

Units: Feet, Second, Degree

Components: ’ $

Dde
f

X = _5743623.34
Y = 366342.93

~352.7828
—4962. 4335 ’

i
f

2. = _1975192.34 1885.7199

e
B

e Telemetered Data Tape

Data Source: MSFN

P

Bit Rate: High

Date Edited: 9 Deec. 1971

Edited Data Tape No. 409668  pije No.: 2 Location: Bldg. 12, MSC

Remarks: There were no significant data gaps in the telemetered vehicle attitude
data employed for this’ ‘sequence.

v
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e  APE Card Inputs:

fimé Of Launch: Yr 197] Month _ 7 Day 2 Hr 13 Min 34 Sec 0

— Range Zero-Clock Zero Time Difference 0.79 Sec
REFSMMAT Used: .0550754 .6626837 . 7468715
-.2300948 . -.7194511 .6553216 _
e 9716085 .~ 2079433 « e o 11DBSEL o o

i‘ Camera Positioning Angles Used: . angle from the :vacecraft body X-Z plane
- to the camera optical axis when positioned for vertic 1 or "mono" photography
(camera positioning angle) was 37.75 degrees. .

The angle between the camera optical axis central position and its fere or
aft positions (excursion angle) was 12.5 degrees.

Uncertainties Assumed:

t 1 degree in camera positioning angle

%0.2 mrad in each gimbal angle

*21.2132034 ms film exposure RSS time uncertainty including:

20 ms in onboard clock bias definition
5 ms in onboard clock drift rate definition

S5 ms in universal to sidereal time conversion

H i+

.
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Format:

GLy Ut

General Descripiion:

The output iz o listing cf two-pags tebulations of computed spacecraft state

camera orientarion and shotograph position and lighting data. Each

tabulation presents the resulre of conputatic

Generally the format will be thar shown ir- Figures 1 and 2. llowever, when
the calculatea camera aiming direction is above the lunar horizon, a message
to that effect alerg with the computed value of the tilt angle are substlituted

for the tabulation.

With the 2xception of its initial lire, the first page of each tabulation is
sclf explanatory. The initial line contains six entries that are from left
‘ to right:

1. Missiou title

2. Magazine identification

3. State vector identificarion

4. Date of daotn crigin

J. dtatus of data PRE = prellmlnarf, FIN = trinal

6. Frame number within the sequence
All entries of the second page of each tabulation are self explanatory except
the photograph frame corner locations. These appear above or below the

corresponding frame corner number on the left-hand side of the page.

OUTPUT Summary: Thege photo evaluation data are for a sequence of panoramic photography

Starting at . 8.06 deg. E Long. (Frame 166) as stereo and remaining stereo through
56.5 deg. W ang.-(anme'357);then'chgnged.chere»to/vertical'and rewaining vyertical
over the remainder of the sequence mmtil 67.84 deg. W Long. (Frame 372). Dpata for

aft position. Throughout the vertical photography the principal intersection
point and nadir remain essentially coincident. All field of view corner point
locations included in these data are in error.

464

for a specified time within the

e
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- APOULO TS " TATS Rw72 PAN T277T FIN FAGE = 5% : - -
YCAR HONTH DAY  HOUR HiNUTE —SECOND
“GMT 7y 8 L} 16 27 Jle4d69
-~ GET T 9 2 53 124671 '
_STATE_YECTOR X \ 1 X ooT Y DoT Z 00T
195040 -821+¢8098907- 129140412903 110746565552 144132999 v25831(D AT TR
SELENOGRAPHIC 17543953247 27509059904 537.0577240 10393484 4961678 06225217
SIGMA(SELENO) . W05 IRYT VT7 <002 7000 V00T

LONGTTUGE OF NAGIR PUTNT
SIGMA NADIR LONG]TUDE

BeVI7TRHTZ DEG

¢0010345 DEG SJGMA NADIR LATITUDE

LATTTUDE UF NAUTR PUTNT

l°0i°lbbhlu UEG
+0004365 DEG

"UUNGth”TWHERT_ITTS“TNTfRSﬁtT““”““8705?2‘53“UEG“W“”‘"C“TT“Uf“tTﬂERI“]Ktb

SPACECRAFT RADJUS 185543842000 KM

INTERSECT 173169285 DEG

SPACECRAFT ALTITUDE 11762961731 KM

SIGMA SPACECRAFT RADIUS +0000045 KN. AZTHUYH OF VELOCITY VECTUR 2937 TI6 192 DEG
HEAN ALTITUDE RATE ) »10050873 KM/SEC HORJZONTAL VELOCITY 146209497 KM/SEC
TILT AZIMUTH 29243192024 0EG T ¥ILT ANGLE 1342206767 OEG
_SIGMA TILT AZINUTH ... %0087487 DEG SIGMA TJLT ANGLE s0019990 OEG
SUN ELEVATION AT PRIN GRND PNT 67¢9319115 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 13941383762 DEG

_LONGITYDE OF SUBSOLAR POINT 22+¢2854633 DEG LATITUDE OF SUBSOLAR POJNT 1195689 DEG

o~ ALPHA : ‘741431499 DEG SWING ANGLE 26848313446 DEG

4 EMISSION ANGLE . _ 149130804} DEG SIGMA SWING ANGLE _ +00B7494 DEG

U PHASE ANGLE 1143723003 DEG NORTH DEVIATION ANGLE 15743786221 DEG

PwI e 1322180303 DEG. . XwT[LT e =42472595 DEG
SIGMA PH] +0019997 DEG SIGMA XwTILT +0020003 DEa

_KAPPA ~156¢543]080 DEG Y=TILT 1342178835 DEG
SIGHA KAPPA +0020000 0EG SIGMA Y=T LT +0019997 DEG
OMEGA ~+2672595 DEG HEADING ~66+4803343 DEG
SIGMA OMEGA +0020003 DEG SIGMA HEADING . o T« [ F 201X L] A e
SCALE FACTOR. 0000000 M/KM LASER SLANT RANGE +0000000 KM

SPACECRAFT ALT|TUDE(LASER)

«0000000 kn CALTTTUDE DIFFERENCE

SIT7TV 2981737 KR

 SELENOGRAPHIC DIRECTION COSINES ™
___OF CAMERA AX[S

. - g _
" =e91247460 ©+35766964

~+ 19865177

THAGNTTUDE TKAT
120715028

©TRANSFORWATTUN WATRTX FROM =" -
SELENOCENTRIC TO CAMERA

174685,80+00 +31251154+00 258698171 +00 ~+B89263168+00

TRKN570RNTTTUNfﬂﬂTﬂTi‘TWﬂH”mmWw“““—“
LOCAL HORJZONTAL TO CAMERA

$38B49169+400 422865473400

220864027 +00
~e03141121%00

+72800137+00
161020531400

=165305676+0gp
+47850733+00

~¢39805468+00

. *21156846+00 ~+86853900-0

"e91734978¢0Q0 9664591902

(v%7349637e09p

Figure 29(a) - First Frame
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B “‘ - TTAPOLLY 18 .TTTALS ReT3 PAN 12777 FIN 77 77 paGE™ =" 353
T - ‘ TYEAR  MONTH DAY HOUR MINUTE SsEcoND
R - . . GHT 7 8 o4 b6 . 80 36,037 . N
CGET 9 3 lé 354244
—SYAIE VYECTOR e b Y - i X peov Y poyr ¢ 2. 00T
195040 1242727 157¢ 68943597183 1172:8576649 11457387 - 9464248 -, 6745775
SELENOGRAPHIC ~ 619+¢35)5930  =1515+2747803 BH4508920364  -je4474122 LDe7139280 0 -e242474)
SIGMA(SELEND) 1e79 +89 039 « 001 007} i v 001
CLONGITUGE OF NAGTR POINT = "~ “=6747882470° GEG ~ — LATITUDE OF "RADTR POINT ™ =~ - 274327393} DES
SIGHMA NADIR LONGITUDE N +0012169 DEG SIGMA NADIR LATITUDE _ . +0002j67 0EG
LONG OF CAMERA AXIS INTERSECT ~67.8406858 DEG LAT] OF CAMERA AXIS INTERSECT 274338197 DEG

- 2PACECRAFY RADJUS . 184246034088 KM

ﬁPACECRAFT‘ALTlYUDE lOﬂ 5133820 kM

SIGMA SPACECRAFT RADIUS 10000249 KM AZIMUTH OF VELOCITY VECTOR 26005699158 DEG
MEAN ALTITUDE RATE R , =20107275 KM/SEC_ HORJZONTAL VELOCITY . 326319550 kn/sEC

TILT AZJHUTH
_SIGMA TILT AZIMUTIH

27944818449 DEG

SUN ELEVATION AT PRIN GRND PNT +1183977 DEG SUN AZIMUTH AT PRINCIPAL GRND PNT 890927185} DEG

-~ ONGITUDE-OF..SUBSOLAR POINT. .. ~-2240875757 DEG._ ... LATITUDE OF SUASOLAR POINT._ 41190620 DEG

ALPHA }+1340276 DEG SWING ANGLE 28649208832 066

o~ EMIBSTION--ANGLE . . L -1¢1499077 DEG SIGMA SWING .ANGLE _ . ., 2lD50854 LEG

. PHASE ANGLE 8847475739 DEG NORTH DEVIATION ANGLE 189.4743557 DEG
N Pt — e ———}- 40260485 DEG X=T}LT e 4 AB L AS22 DEG. .

SIGHA PHI 10019997 DEG SIGHMA XeTILT :+0020003 DEG

—KAPPA____ - - 17056439172 DEG e XYmTILT e oo ™} 20260292 DEG

SIGMA KAPPA ¢0020000 DEG SIGMA YeT|LT L +00}19997 DEG

-OMEGA_ S 13516922 DEG . HEADRING e =97¢4423857 DEG

SIGMA OMEGA
SCALE FACTOR

+0020003 0OEG
10000000 M/KM

— et LOS0B54 DEG . SIGMA TILT ANGLE _

TILT ANGLE 100846902 0EG

90020110 LEG

SIGMA HEADING

}.0020003 DEG
LASER SLANT RANGE

+.+0000000 kM

SPACECRAFT ALTITUDE(LASER) 70000000 KN

T SELENOGRAPHC DIRECT[ON COSINES X -
OF CAMERA AX1S' o _m+35389281
I RANSFORMA TION MATRIX FRON ™ " — -

ALTITUDE DIFFERENCE 4?04-5133820 KM
ﬁkGNlTUDE (kM)

””--95621379 HtQBLSJJZHV_

SELENOCENTRIC TO CAMERA

~139783755+00
o657629&8‘00

e 211849844v00 -
+21027527+0¢
2 6A298462%00.

©57051686400
17233997¢+00

i v 3@35‘{82{”0&_‘_4 ¢3972504%00. .

_LOCAL HORJZONTAL TOECAHERA

"+ 98629286+00
v16394421+00
e 01867084501

"0 }64029394+00
-.vso«so«6¢00
®031183546~

21790662 1%0)
*e6]138}478=02
+99982087+00p _

T TRANSFOURMAYION NATRI X FROH™ -

Figure 29(b) - Last Frame NASA — MSC
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