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1. Introduction
1.1 Baékéfound;
Triangulation efforts using Metric Camera System near vértiééi

materials. Within the Defense Mapping Agency, subsequent assignments were
made as Apollo Mission 16 and 17 were completed. With the return of the
photographic materials from the Apollo Mission 17, the National Aeronautics
and Space Administration (NASA) initiated a data reduction assignment of
Apollo 17 which would contribute to the unified selenodetic network.: - The
Apollo 17 near vertical photographg cavers approximately 3,915,000 sq. km.
extending 2470 from 155° W. to 42° W. This data reduction was accomplished
for NASA by the Defense:Mapping Agency Aerospace Center (DMAAC].

In addition to the photogrammetric data generation and solutions
contained in the DMAAC Apollc 17 Metric Camera System Data Reduction
proposal, two reports were to be prepared during the project. The first
was - to address an initial evaluation of the Apollo 17 photographic system
and the second was to document the results of the completed reduction. .
The initial report, entitled "Apollo 17 Metric Systelenitfal Evaluation
Report," was completed and released in April 1974. The following
pages document the results of the second report and. contain a description
of the overall plan for the Apollo 17 reduction, the results of the .:-
stellar orientation and mapping camera measurement phases, the analytical
triangulation solutions, and the positional evaluation of the developed
selenographic coordinates. S o

1.2 Initial Photographic Evaluation

The primary purpose of the initial test was to evaluate the
Apollo Mission 17 photographic system. The reader should refer to the
Initial Test Report for a detailed description of techniques or procedures.
Changes to techniques used in the Initial Test were made for some:
operations to increase accuracy or production efficiency. These changes
are noted in the text and the procedure actually used is explained.

2. Apollo Mission 17 Reduction Plan

A1l or parts of 8 revolutions were reduced to provide comprehensive
Apollo Mission 17 coverage of the moon's surface, provide an eyaluation
of the ephemeris positions, and to supplement the area covered By
Apolle Mission 15,




~ The even numbered photographs, which provided 56 percent forward
overlap, were used as a cost effective method of deriving lunar surface
positions. Exceptions to the criterion of 56 percent forward overlap be-
tween alternate photographs were encountered when changes: in the space-
craft altitude resulted in changes in the photographic scale. To
maintain this desired overlap every photograph was used from exposure
180 through 232 and exposures- 1821: and- 1825 and every: third. photograph from
exposure 276 through 303, Every photograph between exposure 232 through
256 and 2030 through 2050 was used because the blurred image of a lense
cover obscured part of lunar imagery. - The final coverage seiection-
resulted in the use of 408 terrain: photographs. ‘The side overlap between
adjacent revolutions ranged from 10: to. 95 percent. Table 1 lists the -
seiected-photographs=and Figure 1 shows the area of coverage. o

The Apollo, 17 reduction was planned by revolutions (strips) and the
general procedure was as fo11qws: '

©As Siéllar reductions wéfe-performed on a strfp basis.
8. Séleéted point and image meésdrements were made oh'bhbtographs

of each strip. (Points identified on Apollo 15 photography would be used,
1f'pract1ca1.)f o - S

. ¢. (Quality control chécks_on the data from each revolution were
made using the Rigorous Analytical Block Orientation (RABO) Program.

D.' Strip solutions were performediﬁsing the;SimultaneOUS’
Adjustment of Photogrammetric and Geodetic Observations {SAPGO} Program.

E. Common points were evaluated in side-lap areas.
F. Assembled strips in an Analytical (SAPGO) Block Solution.

G. Accomplished an analytical triangulation with data from the
adjusted block, _ - , el

The following sections of the report give a more detailed account of
each step in the procedure.

3. Stellar Derived Orientations
3.1 Camera Calibration ‘
In the initial evaluation of the ApoTIo 17 Metric System

unusuaily large systematic x residuals were noted in the stellar

2




- TABLE 1

PHOTOGRAPHS SELECTED FOR DATA REDUCTION

Revolution - "Vertica\'kXposure ‘Stellar Exposure

2 170-180 152-162
181256+ 163-213#
258-276 «
279-306**

14 328-430 318-412

29 1384-1480 1372-1462

38 1692-1820 1682-1802
1821,1822 1803,1804
1824,1825 1806,1807 -
1826,1828 1808,1810

49 2030~2050* ‘

62 2200-2220 2182-2202

66 2630-2660 2612-2642
2700-2732 2682-2714

74 2796-2932 2786-2914

Even numbered exposures were used unless noted

* Every exposure used

** Every third exposure used’
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orientation reductions. The standard deviations devel&sed in the
Stellar Attitude for a Lunar Mapping Camera (SATLUM) Program

for the mapping camera orientations were approximately twice those
experienced with Apollo Mission 15 stellar reductions. The photo.
coordinate residuals exhibited an anomaly in the X component; the
average X residual standard deviation (6.4 um) being approximately two
times as large as the average Y residual standard deviation (3.7 m).
This residual pattern was identified as lens decentering distortign

and NASA was notified of the problem. NASA authorized DMAAC to perform

a calibration of .the Lunar Mapping Camera Unit SN-004 using the original
preflight calibration materials and supporting dati The results’ of

this calibration, published by DMAAC in June 1974 3), were used in the
reduction of the Apollo 17 photographs. Figure 2 shows an example of the
change in the X residual pattern by removing the decentering distortion.
A summary of the DMAAC-calibration is given in Appendix A. -

3.2 Identification and Mensurapion

Each stellar photograph contained approximately 25 well
distributed stars. For each of 332 of the 408 terrain exposures used
in the reduction, a companion stellar photograph was measured. Table 1
1ists the exposures measured. -

Stellar measurements were made on third generation film
positives which were cut from a roll by DMAAC into five exposure
segments for copvenience in filing and measuring. Mensuration was done
on a Mann monoscopi¢ comparator with each measure punched on a separate
card. Each exposure was measured twice with the second set of measure-
ments rotated 180° from the first, A1l reseau marks on a stellar photo-
graph were measured in a standard sequence. Stars images were then
measured with the aid of a transparent template made from a star chart.
These "normal® readings were repeated in the “reverse" sense (photograph
rotated 180°) for the second set of readings. :

3.3 Reduction Processing

The Stellar Attitude for a Lunar Mapping Camera (SATLUM)
Program, used for the Apollo 17 stellar reductions, was developed by
the Raytheon Corporation, Several preprocessor type additions to the
SATLUM Program were made at DMAAC in order to facilitate the simultaneous
input of comparator coordinates for both the “normal" and "reverse"
measurements and to accommodate small differences in the output format
of different digitizers associated with the Mann comparators. Certain
SATLUM output statements were also revised to conform to DMAAC formats.
The star measurements for all exposures were processed with SATLUM to
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obtain the mapping camera orientations in the Celestial 1950 System
{Inertial) and the Lunar-fixed System.

The Program also computed the standard deviations for each
orientation and provided orientation and covariance matrices. The
standard deviations were developed by propagating the errors of the
stellar resections and the interlock angles to the mapping camera
orientations. Typical standard deviations for both cameras relative
to the celestial coordinate system were: :

cgm) U!Q! U!K!
Stellar Camera 18 1v7 - < 1246
Mapping Camera 6"8 (Rol1) 12'3 (Pitch) 3"6 (Yaw)

3.4 Analysis of Results

The imagery on the Apollo Mission 17 stellar exposures was
not as well defined as the stellar images from Apollo Mission 15. The
general degradation was caused by a s1ight overexposure resulting
from a light reflecting into the stellar camera lens. Of the 76 stellar
exposures for which orientations were not developed, 65 were excessively
overexposed and the remaining 11 had the stellar imagery obscured by
the camera lens cap.

The stellar derived orientations were examined for consistency
by plotting the first differences in the mapping camera orientation angles
between alternate exposures. Figures 3 through 3.5 show the graph of
the changes in the angles versus exposure numbers. Graphs of this
type, for all photographic sequences, were examined as a quality control
check. Departures from the normal trends in these curves were viewed
as being potentially inconsistent orientation data.

The stellar orientations were also compared with the inertial
measurement unit (IMU) values tabulated in the photo support data.
A plot showing the differences between IMU and stellar derived orientation
angles for even numbered exposures is shown in Appendix B with the
delta (a) angles referenced to the stellar values. Breaks in the graphs
for revolutions 14, 29 and 38 are due to incomplete IMU data. Each of
the orientation elements exhibited differences of as much as 8 minutes
during a revolution but with a variation about an envelope of 2 to 3
minutes. Variations in the delta angles reflect acceleration of the
spacecraft to maintain a local vertical pointing of the mapping camera.
The spacecraft was being maneuvered from an oblique to vertical position
during revolution 62 as reflected by the radical angular changes.
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4. Image Coordinate Acquisition and Reduction
4,1 Identification and Mensuration

The first step of image coordinate identification was to select
reference strips of photographs on which a basic pattern of lunar surface
features could be identified., These strips were selected to provide
maximum coverage of the lunar surface.

Lunar features were identified and marked on the photographs
such that each photograph contained approximately 30 image points, where
every other photograph was used. Where every photograph was used, each
contained approximateTy 18 image points. The po1nts were norma]]y associated
with the discrete images of small craters. The image points were marked
using the Wild PUG II 'stereoscopic point transfer instrument. The features
were observed stereoscopically on film positives enlarged two times and
marked on one photograph of the stereo pair with a 30 micrometer drill.
The marked image coordinates were transferred from the selected strips
and measured on all corresponding photographs from sidelapping strips.
In many cases the distribution of the images transferred to sidelapping
strips was not geometrically acceptable and had to be supplemented by
selecting and marking additional points.

The unique labeling scheme employed for the Apello Mission 15,
vertical photograph reduction was expanded to incorporate the Apollo 17
exposures. This numbering system permitted the recovery of the photograph
number on which any feature was originally selected, marked, and measured.
The scheme of labeling and a descr1pt1on of the procedure is given in
Appendix C.

Mensuration of the pass points was accomplished with the
Nistri TA3/P stereocomparator using the enlarged film positives. A
point was first monoscopically measured and recorded on the reference
photograph, then stereoscopically transferred and measured on every corres-
ponding exposure in the forward and sidelapping directions. - The
measuring procedure was repeated at least four times, twice in normal
stereo and twice in pseudo-stereo (depth appears as height), and then
monoscopic measurements were made of the four reseau intersections
nearest the image measurement on each photograph. The stereo and pseudo-
stereo readings were averaged to minimize reader bias. The removal of
this bias produces a smaller standard deviation when the data is merged
into a single solution,

14




4.2 Image Ceerd{nate Reduction
4,2.1 Correction for Forward Motion Compensatidﬁ”:"

To compensate for the movement of the camera system
relative to the lunar ‘surface during the exposure sequence, a motion was.
imparted to the platen’ assembly (including reseau plate) and the film.
Due to this motion, the relationship of the eight external fiducial marks
to the internal reseau system was not constant from one photograph to the
next. Therefore, it was necessary to determine the exact relationship of
reseau to fiducials. The four nearest reseau intersections were used to
correct the fiducials for film deformation in this'case. " '

_ Second generation contact negat1ves were used te‘perfonn the
measurements necessary to relate the reseau and fiducial systems. Each
fiducial mark and the four nearest reseau 1ntersect10n$ were measured
monoscopically on the Nistri TA3/P stereocomparator. : These measured
coordinates were then input to the Lunar Coordinate Reduction (LCR)
Program, This program corrected the measured coordinates of the fiducials
far film deformation and adjusted them to the calibrated reseau systen.”
The adjusted set of fiducial coordinates was then transformed to the
ca11brated fiducia] system by means of a three parameter transformation..

“ The' computed transformation parameters of the fiduciaI
adJustment'were examined for'consistency in both the standard deviat1on
and transformation coefficients. The standard deviations of the adjustments
ranged from 2.4 to 7.5 micrometers. The few exposures which exhibited
unexpected standard deviations or systematic photo residuals were re-
measured and reprocessed as an edit of the initial results.

4.2,2 ‘COfrection for Systematic Errors

The LCR Program was used to correct and transform the
comparator coordinates into the camera system. Input to the program
consisted of the measured coordinates for all image points and their four
nearest reseau Tntersect1ons, camera calibration data, and the previously
determined reseau to fiducial transformation parameters for each exposure.
The program performed the following operations.

A. Sorted the measurement data and averaged multiple
observations. _

8. Transformed each image point into the photo
coordinate system and corrected it for film distortion by adjusting the
four nearest measured reseau coordinates to their respective calibrated
values.

15




C. Transformed the corrected coordinates to the
fiducial system by application of the transformation coefficients for
the appropriate exposures.

" "7'D. Corrected all transformed image coordinates for
principle po:nt offset and radia] ‘and decentering distortions.;,f L

Output the final image coordinates on punch
cards for input to the ana1yt1ca1 triangulation programs. N

4.3 Altimeter Image Coordmates

A computer program was prepared for the Nistri TA3/PA automated
stereocomparator to aid in the stereoscopic mensuration of the laser .
altimeter image coordinates,.  The LCR Program was modified ‘during the Apollo
15 reduction to compute and output the calibrated photo coordfnates of the
altimeter point with. respect to.the reseau system. Thi ﬁ;coordinates were
input to an. online TA3/PA compliter program before mensuration began.,. To.
measure altimeter coordinates the operator. first measured from four. to
nine reseau intersections in the center of the photograph for’ the TAS/PA
program_to compute ‘the comparator stage and reseau’ re!at1onship. The
stage was then automatically slewed to the computed "on line™ altimeter
image coordinates, The altimeter point was then measured stereoscopically
by the same process used for measuring any image point. ~Although the
altimeter po1nts were, not physically marked on the exposures, tests . .
have shown that they can be recovered ta within one. or two-micrometers
by simp!y repeating the procedures. ) o o

Laser Altimeter Slant Range values were not recorded in the
photo support data for the last 38 exposures in Revolution.2 or the first
18 exposures in Revolution 14. Observations of the altimeter position
were not made on these exposures or on exposures where the recorded
slant range value differed rad1ca11y from those on adjoining exposures.

An additional 56 altimeter observations were not included in the
reduction due to the Tack of detail at the point of measurement. - These
observations, however, were scattered throughout the reduction and
represented a normal loss of data using this quality of imagery.  Table 2
Tists those exposures for which an Altimeter Slant Range was derived.

5. AnaTyt1ca1 Triangulation
5.1 Strip Relative Solutions
Fach strip or subsection of a strip was ana1{31cal1y triangulated
with the Relative Analytical Block Orientation (RABO) ‘%) Program. Input

16




TABLE 2

EXPOSURES WITH DERIVED ALTIMETER SLANT RANGE

Revo1ution ‘Exposure

2 | 172,176-180
181-218,220-229*

14 346-354,358
362-380,394
398-422

29 1386-1392,1396

\ 1400-1416

1442-1448,1452,1454
1458,1464-1480

38 | 1694,1696,1700,1704

- 1706,1710-1716,1720
1726,1730,1734-1738
1744,1750-1760
1764-1776,1780-1798
1802-1818,1821,1822

1824,1825,1826

49 2031-2034,2036-2050*

62 | 2200-2212,2216-2220

66 2630-2644,2648-2660
2700-2730 -

74 | 27962798, 2804-2828

- 2832-2850.,2854-2902

2902-2932

Even numbered exposures were used unless noted
* Every exposure used

17




to the RABO consisted of the corrected image coordinates of surface
features and altimeter locations, the camera position for each exposure,
and the stellar derived orientation angles. The lunar-fixed selenocentric
~ position vectors and orientation angles obtained from SATLUM were input to
the RABO in the Universal Space Rectangular (USR} System. These strip RABO
solutions were used as a quality control edit to detéct image measurement
blunders and to provide an estimate of the average mensuration accuracy
for the image coordinates. The standard deviations of the image measure-
ment residuals from these solutions ranged from 3.1 um to 6.0 ym. In
general, the lower standard deviations were associated with photographs
which did not have a very low or very high sun angle,

§.2 Strip Constrained Solutions

The Simu!ta?gsus Adjustment of Photogrammetric and Geodetic
Observations (SAPGO) Program was used to compute an initial solution
with the photographs of each revolution. This conventignal triangulation
program has the capability to simultaneously reduce photographic image
coordinates, exposure station positions, orientation angles, and the
object space coordinates for strips or blocks of photographs according to
their apriori constraintsy

The junar fixed orientation angles obtained from SATLUM were
constrained -to 30 seconds of arc in each component. Lunar-fixed orientation
angles were obtained from the photo support data for the terrain exposures
that did not have useable companion stellar exposures. These orientations
were constrained to 5 degrees of arc in each component. The exposure
station positions were constrained to 200 meters in X, Y, and Z (USR) and
the altimeter values were constrained to 50 meters. The image coordinate
standard deviation was held to 7 micrometers based on examination of the
RABO solutions. '

Figures 4, 4.1, and 4.2 display the horizontal and vertical
adjustments made to the initial camera positions in the strip SAPGO
solutions for three sample revolutions. The revolutions shown {14, 38, and
74) are representative of the changes made to ephemeris positions. Figure
4.2 shows the corrections for every photograph in strips 14 and 74.
Examination of the exposure station changes in the plots of the individual
strip solutions indicated two things: first, that periodic type discre-
pancies appear in the ephemeris positions; and second, the solution for
strip 74 shows the most consistency among all input data types.

Comparisons of selenographic coordinates of the same lunar
features derived independently in two or more SAPGO strip solutions were

18
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made. In this analysis the mean systematic positional bias between the
common points of sidelapping strips was computed. The selenographic
coordinates derived from one revolution were selected as a standard and
the coordinates from a sidelapping revolution were then compared to those
of the standard. Table 3 shows the systematic biases between revolutions.
It is evident that the greatest overall variations usually occur in the
latitude component which generally represents a discrepancy in the cross-
track component of the ephemeris. The in-track and radial components
(approximately the same as longitude and height) compare more favorably.

‘Analysis of the differences of common points between strips
(with the mean systematic biases removed) indicated that non-linear discre-
pancies no longer existed over the length of the strip solutions. This
result supported the assumption that the periodic discrepancies of the
triangulation parameters were caused by the ephemeris positions. By
enforcing the photogrammetric conditions, relatively consistent surface
coordinates were produced.

5.3 Block Triangulation Solution

The SAPGO computer program was also utilized for the block
triangu1at1on solution. The present program data storage capabilities
of 700 exposures and 6,000 surface coordinates were commensurate with ‘the
requifements for the tota] ‘block solution. The program in this case
performed'a simultaneous solution with essentially the same data set
found in the strip SAPGO solutions. A1l the exposures used in the strips
were used in the block. : B

From the analysis of the strip SAPGO solutions the following
decisions were made for further data reduction work. First, revolutions
38, 62 and 74 were selected to provide the absolute positional datum for
the  total Apollo 17 block reduction. The reasons for making this choice
were (1) the solution indicated that the input parameters were more.
compatible for these strips than the others (2) comparisons of common
points showed that these revolutions approximated the mean position of
the strips in the block. Next, the ephemeris camera positions for all
revolutions would be allowed to adjust in the solutions in order to
achieve compatibility with image measurements and attitude information.
Lastly, altimeter measurements of the camera station positions would be
constrained to achieve the best possible fit to the ephemeris, at least
to the extent that the apriori constraints of the other parameters are
not violated.

22




€8 09~ 062- oolt 14Ed PUz 99 bl

ge- 602~ 1 ¢9 Jded 3Is| 99 174
e 1] g9i- - Gt a9 74
(43 8E- D1~ 4] ge bL
etL GSs 9eL- Zl [4 YL
gLL- £ot 6L~ - s 9 99
0Lt XA FAS 6L 6v 29
89 bG- toL- Ll o 99 8¢
9~ 9G- /A : 6 29 8¢
€8l 1 TA R &1 ¢8 B 8¢
0L gle- gee- .ot 14} 8¢
0L- SL- 1 A 12 6t 62
L8t~ 681 gve- ) L 8¢ 62
042 ol 819- 8¢L ti 62
651~ i€~ 80t - 0e 6¢ 2

¥s- 09 6t £0E 4! 2

EOLIED 3pn3ibuoi apnjiie] $SIRULPAOO) UOCUWO) ~ uoLInjoAsy UOLIN | 0ADY
TsJ9719W) soselg uesy. . 10 Jaqumy uosLaedwo) pJepUL}S

SNOILM0S owm<m dT¥LS INJONIAIONI NI GIAT¥IQ
SILYNIQY00D 3IVAUNS zczzcu NIIMLIG SISYIA ITLVWILSAS z<m:

£ m4m<h

23



The positional constraints assigned to X, Y, Z, (USR) components
were as follows:

Revolution Constraint in Meters
2 1000

14 500.

29 300

38 106

49 (partial) 500

62 (partial) 100 -

66 (partial)} 200

74 100

The constraints placed on the angular orientations derived from
the SATLUM Program were 30" of arc, while those obtained from the ephemeris
(for terrain exposures without companion stellar exposures) were 50 of arc,
An average standard deviation of 8 micrometers was selected as representa-
tive of the reliability of the image measurements in the block. This
value approximates a combination of within-strip and cross-strip identi-
fication and mensuration accuracy. The altimeter slant range values were
held to 50 meters. '

Analysis of the first block solution brought about the follow-
ing changes. The camera position constraints would be applied in a local
system in order to provide an altitude constraint for each revolution.:
The horizontal (x, y) constraints remained the same except far Revolution 2
which was changed to 1500 meters and Revolution 66 which was changed to
100 meters. The vertical constraint (z) remained the same for Revolutions
14 and 38, but was changed on Revolutions 2, 29, 49, 62, 66 and 74 to 1500,
225, 200, 150, 75 and 75 meters respectively.

In the final simultaneous block SAPGO solution, the standard
deviation of the image-measurement residuals was computed to be 6.6
micrometers. Changes to the orientation parameters were well within the
apriori constraints. Figures 5 and 5.1 illustrate the horizontal and
vertical changes in the camera positions. The solution computed seleno-
graphic coordinates for 3945 lunar features and adjusted exterior orientation
parameters (positions and attitudes) for the 408 photographs in the solution.
Of the 3945 feature positions reduced 889 were common to the Apollo Mission
15 reduction. Figure 6 shows the area of common vertical photographic
coverage between Apollo Mission 15 and Apollo Mission 17.

One goal of the block SAPGQ analysis was to check the validity
of the corrections made to the exterior orientation parameters of each
photogaph. In order to do this the adjusted exposure station and
orientation parameters were used with the image measurements of each
revolution to independently derive selenographic coordinates for common
surface features., The RABO Program was used for this purpose by
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exercising the option which computes a rigorous intersection solution.
Thus, for a feature measured on the photographs of two overlapping
revolutions two sets of selenographic coordinates were available, one

set from each revolution with each set based on the corrected exposure
parameters for its revolution.® The RABO derived selenographic coordinates
for all pass points measured on more than one revolution were compared in
this fashion. A computer program was used to calculate the positional
difference between common points, to generate the plats that graphically
portrayed these differences; and to compute the standard deviations of the
differences in each component (latitude, longitude, and height). Table 4
shows the statistical results, of these comparisons.

The plots generated by the program were carefully examined for
any systematic trends in the residuals.  No systematism was noted and
the computed averages for each 'data set were near zero. The results of
the analysis indicated that the positional relativity achieved in the
block SAPGO reduction was commensurate with that projected from the

assumed accuracies of the input parameters.

It is noted that Revolution 62 had marginal sidelap geometry
with Revolutions 38 and 49. There were 6 common surface points used
on Revolutions 62 and 38 to establish positional relativity in the
reduction, There were 19 common: surface points measured on both
Revolutions 62 and 49. This resulted in a span of eleven exposures on
Revolution 62 for which the adjusted block parameters represent an
extrapolation based on a marginal common:sidelap, with geometrical
constraints added by the steltar orientation data and the positional
constraint. Although the problem could not be avoided, it should be
recognized that the selenographic coordinates in this area result from -

a less than ideal geometric configuration. .=
6. Positiona? Evalbation- IIWT _'
6.1 Relative Accuracy of Coordinatés ?_‘.

As previously discussed in Section 5.3, the surface positions
were independently derived for each strip using the adjusted block
exterior orientation parameters. The standard deviations presented in
Table 4 give a range from 16 to 25 meters (CE, 39%) horizontally and from
14 to 26 meters (LE, 68%) vertically. _

'The re]ative'accuracy of any surface coordinate with respect

to another, however, is dependent upon the accuracy of each point relative
to the triangulation datum, By combining the standard deviations between
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revolutions an estimate of this point to point accuracy can be determined.
Using the standard deviations presented in Table 4 the estimated average
circular relative standard error is 21 meters (CE, 39%) and the mean
vertical error is 21 meters (LE, 68%). o

The Apollo 17 derived datum may be related to the true datum
by seven parameters (one for scale, three for orientation, and three for
translation). An error in scale or orientation will contribute to the
relative error between surface coordinates. This may be written in
simplified form as: o

of” = 9y * oy *oat | (6.1}
where GTZ is the relative variance between the two points.
012 and USZ afe the variances re1é£ive'to tﬁé Apéiﬂo 17 reduction, and
cpz is the variance of scale and orientation.

The i and j are éssumed equal and uncorrelated therefore:

2 = 2 2 2 X
op o, + cp (5.2)_

One othEr condition was imposed in equation 6.2 to account for thé condition
that o.% is a function of the distance between the coordinates being evaluated.
The estimated effect of this condition is introduced by modifying equation

6.2 to: :

i -

5 4
or? 20,2+ (5 op)? | (6.3)
where d is the aq;ua1 distance between the two coordinates, and
D is the total distance covered by the triangulation (7400 km).
To obtain some apprecﬁation for this estimate of accuracy
between coordinates, computations were made using equation 6.5 and varying
the distance (d) between coordinates. The values used for o,° were the

assumed standard deviations of 100 meters horizontally and 7E meters
vertically for Revolutions 66 and 74 in the block triangulation.
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The values used for 012 were the circular and vertical accuracies
estimated for the block solution. Table 5 gives the results of the
computations.

6.2 Re]étive Position of Apollo Mission 17 and Apollo Mission 15
Solutions

The 889 points common to both the Apollo Mission 17 reduction
and the Apollo Mission 15 reduction were compared by determining the mean
distance from the Apollo 15 point positioning to the Apolio 17 positions.
The Apollo 17 positions derive approximately 600 meters to the Northeast
of the Apollc 15 positions except for the western end which derive East
of the Apollo 15 positions, The change in azimuth is attributed to the
lack of laser altimeter constraints for the Apollo- 15 in this area. The
vertical differences vary with Apollo 17 being 200 meters lower than
Apollo 15 at the eastern end - zero at the center - and 200 meters higher
at the western end. Figures 7 and 7.1 illustrate the change for every
tenth point. o

6.3 Laser Altimeter Slant Range Derivation

The mean difference between the derived altimeter distances and
the photo support data is +10 meters. - Of the 291 altimeter points used
in the block solution 17 exceeded the 50 meter constraint. The largest
of these was 89 meters. These points were retained even though the
photographic imagery was marginal. Ninety percent of the derived altimeter
slant range distances varied less than 40 meters from their computed value.

6.4 Absolute Positional Evaluation

The absolute positional evaluation for any coordinate derived
from the block reduction with respect to principal axes of inertia and
the center of mass of the moon would be a combination of the relative
accuracy of the coordinate with respect to the datum (Section 6) and
the accuracy of the datum in an absolute sense. The relative-accuracy
strip to strip has been discussed above; however, the absolute accuracy
of the Apollo 17 datum can only be estimated at this time. Analysis of
the discrepancies between strip solutions given in Section 5.2 would
yield an average bias of approximately 260 meters. These biases may be
used as an indication of the accuracy of the Apollo 17 spacecraft ephemeris.
Because of discrepancies that are found in inter-orbit comparisons of the
ephemeris, no absolute evaluation is determined at this time.
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~ TABLE 5

ESTIMATED RELATI‘.'E ACCURACY BETWEEN
" POINTS. SEPARATED BY. VARIOUS DISTANCES

Point to Point Relative -
Distance Between ACCUY'&C_Y M)
Points (KM) - Horizontal (39%) . Vertical (68%)

0 5 i i e CF I 30 CRERE ! R 30
10000 ¢ | .36 o 31
3000 - .. i ¢ BB o 42
5000 .. . . . . 100 B8
7000 . B KV N
74000 o 144 80
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7. Generated Products

The following items have been produced as a result of the Apollo 17
data reduction assignment.

7.1 Composite film negatives annotated and marked to provide photo
identifications for recoverable pass points.

7.2 Magnetic tapes containing the following input and output parameters.

7.2.1 The transformation coefficients (X0, Y0, <) that were used
to relate the reseau system to the fiducial system for each mapping exposure.

7.2,2 Image measurements in the photo coordinate system for all
408 mapping exposures.

7.2,3 The USR orientation angles of the mapping exposuras as
determined in the steliar reduction processes.

7.2.4 The USR posit1ons for a1l exposures as obtained from the
photo support data.

7.2.5 The adjusted USR exposure station position and orientation
for each exposure included in the block reduction. The- or1entat10ns are
given in both matrix and angular form.

~7.2.6 The output selenographic and USR coordinates for all pass
points as derived in the block reduct1on

7.2.7 Laser altimetry information for all exposures-in the
block solution that had recorded altimeter observations. The following
information is available for each exposure.

7.2.7.1. The revolution and exposure number.

7.2.7.2 The x and y photo coordinate of the altimeter point
in millimeters.

7.2,7.3 The observed slant range in kilometers,

7.2.7.4 The slant range, in kilometers, as computed using
the adjusted parameters from the block reduction.
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8. Conclusions

From the analysis of the results of the total Apallo 17 reduction, the
following conclusions have been reached. '

8.1 The accuracies of phdfograﬁmetﬁicalfy'defiyedrdaiﬁ agree favorably
with the estimates determined in the initial testing of the Apolloe 17 photo-
graphy. L . v i _

- 8.2 The standard deviations. computed in SATLUM were improved as a
result of the revised Apcllo Mission 17 camera calibration.. .

8.3 Changes within strip and between strip.camera station positions
observed in the reduction of Apollo 17 can be correlated to the Apolle 17.
ephemeris,

8.4 Altimeter point imagenégﬁrdinatgs,providgﬁa consistent data set.
which should be mathematically introduced into the analytical triangulation
solution. ... . . . .. o R

8.5 The accuracy of se1enographic-coordinates're]ét%#é to tﬁe'déiﬁh'
established by the:triangulation solution are commensurate with the accura-
cies of the input.data. They meet the:accuracy objective of the original

DMAAC data reduction proposal. g
... 8.6 Coordination should take: place. between all. ipvestigations

which potentially could improve the absolute relationship of the Apolio 17
datum to the axes of inertia and center of mass of the moon.
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