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Selenodetic Control
from Ranger Photos
This computational system incorporates data from

earth-based telescopes and also Ranger spacecraft

photos of lunar features.

I NTRODlTTIO"

T HE DEPAHTMENT OF Geodesy, Army j\!ap Service (A:\IS), is developing an extra­
terrestrial geodetic control model which will be used to establish a fundamental

lunar control using orbital as well as earth-based photography. This model is an ex­
tension of the earth-based photography model previously used to establish the
AMS-64,1 Croup NASA,2 and DOD-663 fundamental control systems. The new, more
general model permits up to nine parameters to vary for each plate whereas the pre­
vious, more specialized systems treated as unknown only four parameters for each
plate and three parameters for each feature. The first attempt to determine control
using the ne\\' model employs data from six Ranger VlII and four Lick Observatory
plates. The goal of this effort is to establish a system of coordinates of selected features
with rms uncertainties smaller than those obtained from previous controls using earth­
based photography alone.

DATA

R. GENE BARRY

No attempt was made to measure all 200 to 300 craters visible on each plate. Fifty
craters were found to be the maximum that could reasonably be measured by a opera­
tor in a single measurement session. Of the total
50 craters measured, an average of 40 craters were
measured on each of six Ranger plates. Ranger and
Lick plates were measured with a Mann Compara­
tor. The 35-mm Ranger negatives were contact
printed to 9-by-9-inch glass plates. A grid system
II'as superimposed on the outer perimeter of each
plate during the reproduction stage. All measure­
ments were referred to this grid system whose ori­
gin was selected in the upper left-hand corner. The
coordinates of the geometric center of each feature
were obtained by measuring and averaging the
maximum and minimum ordinates and abscissas of
the feature according to its orien tation on the
plate. For zero-degree orientation the horizontal
grid lines on the plate were orien ted parallel to the

* Presented at the Annual Convention of the American
Society of Photogrammetry, Washington, D. c., :\[arch 1967.
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X-axIs of the engine. The physical corrections to parallel were made by a rotation
adjustment on the plate holder. After all craters were measured in the zero degree
orien ta tion the pia te ,,-as rota ted approximately 180 degrees and the measuremen ts
repeated, The zero-degree and 180-degree measuremen Ls ,,'ere co III bi ned to remove
systematic error using the method described in A MS Technical Report No. 29 (Part
One: lIfethods).4 A spread of 25 fJ.. among any set of rim measurements ,,-as cause for
rejection of the measuremen ts of the crater for that plate.

ABSTRACT: Reduction procedures are derived for use ou extraterrestrial plwtog­
raphy to obtain a precise horizontat and verl,iwt controt, A teast-squares met/wd
is used to adjust observations 011 terrestriat and extraterrestrial photography
simultaneousty. The model treats nine parameters for each ptate and three
parameters for each feature liS unknown in the finat adjustment, However, it
allows for any of the parameters to be trwted as known 'If they are su.flicientty
estabtished by other means,

All Ranger V lJ J crater images iden tillable on the Lick Observatory phase-photog­
raphy (an average of nine unknOll'n craters per plate) lI'ere measured in the same
manner on the earth-based plates. Of these common crater three had coordinates
established by the 000-663 selenodetic control.

The first approximations of the spacecraft data required, such as the longitude,
la ti tude, al ti tude, range, and the longi tude and lati tude of the principal poin t, ,,'ere
obtained from Jet Propulsion Laboratory (JPL) Iistings. 5 A preliminary plate adjust­
ment was performed on a Bendix G-15 computer to give approximate values to those
plate parameters not available or less well knO\\"I1. The measurements in demi microns
(one fJ.. equalling two demi microns), the spacecraft data, and the plate data were
transposed from cards to tape to await reduction on the AMS Honeywell-800 computer
with 16-K core. The prototype program was written in Fortran through open-shop
arrangemen ts.

As the problem of analyzing the mathematical model is a complex one, it was de­
cided that the use of real Ranger data for this purpose would only complicate the
analysis. For this reason the real data have been stored and experiments are in prog­
ress using idealized Ranger-type data which were generated for the purpose of analyz­
ing the model. The idealized data were determined by selecting Ranger-type plate
parameters and crater coordinates. The plate measurements were then generated
using the geometry of the mathematical model. These ideal data ,,'ere used to deter­
mine whether the linearized observation equations do, in fact, represent the non-linear
observation equations, and to establish the best method of writing the linear equa­
tions to obtain the fastest rate of convergence. By randomly incrementing the various
parameters, the model's ability to recover the correct parameters is tested and evalu­
ated. The results of these experiments and the techniques learned will be employed in
reducing the present Ranger data and other orbital photographic data when available.

i\IATHE 1ATICAL i\IoDEL

Internal Translations. The image coordinates of a lunar feature are determined
with respect to the origin of the measuring engine system. The measurement coordi­
nates are translated to a coordinate system centered at the point of intersection of the
optical axes on the plate (Figure 1) by
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where

(1)

X,pi, Ykpi=i-th approximation of measurement coordinates of image k on
plate p referred to the optical center of plate c

~Xpivii, ~Ypiv;i = i-th approxi mation of the origi n A, on plate p "'i th respect to the
optical cen ter of plate c.

Scaling. The images on the plate are projected by scaling onto a plane \\'hich bi­
sects the moon and is perpendicular to the optical axis of the camera (the plane of the
scaled plate). The plate measurements are referred to the coordinates of the intersec-
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FIG. 1. Coordinate system of the measuring engine. Legend: c, intersection on plate p of the optical
axes of the camera; k, crater or feature image; A, origin of measuring engine system; x, y, axes parallel to
measuring engine system and whose origin is at A ; ~Xpvii, ~y"vii, coordinates of A in the coordinate system
centered at c parallel to the measuring engine system; Xk", Yk", measured coordinates of image k on plate
1) with respect to origin of measuring system A with systematic error removed; )(k", Yk,,, measurement
coord ina tes of k referred to c.

tion of the principal ray passing through the feature and the plane of the scaled plate
(Figure 2) by

(2)

where

Xl-,Ji"ii, Ykpi vii
= i-th approximation of X kp , Y kp projected on to the plane of the scaled

plate
rp,=i-th approximation of semi-diameter of moon on plate p.

Projection Correction. To obtain the orthogonal coordinates of the feature k re-



SELENODETIC CONTROL FROM RANGEl< PHOTOS 277

r .
p'

I unar prime
mer i dian

\Iii
Y Plane of scaled plate

through center of
moon

7
/

FIG. 2. Projection correction geometry. Legend:~, 11, I; selenodetic coordinate axes system described
in AMS TR 29, Part One'; Ip" i-th approximation of camera's effective focal length for'plate p; ~ki, 11k"
Ik" i-th approximation of the coordinates of feature k in the~, 11, I-coordinate system; pp, principal point
on lunar mean sphere; X·ii , y''', projected coordinate system on plane of scaled plate parallel to measuring
engine system; Zkpi·ii, i-th approximation of perpendicular distance from feature k to plane of scaled
plate; L'.Xpi·, L'.ypi·, L'.Zpi·, i-th approximation of the intersection of the optical axis with the plane of the
scaled plate in the ~, 11, I-system; Tp " i-th approximation of the semi-diameter of moon on plate p.

ferred to the X"ii_, y"ii-system (Figure 2), the followi ng projection correction must be
applied:

(3)

where

Xkpi"iii, Ykp/iii, zkpi"iii=i-th approximation of Xkp"U, Ykp"ii, Zkp"ii corrected for pro­
jection.

Translation to Center of Moon. Three translations are applied to Xkpi"iii, Ykp;"iii,
Zkpi"iii to transform them to a coordinate system whose center coincides with the
moon's center and whose axes are parallel to the measuring engine system, as in
Figures 3a, ... , 3c \\'hich illustrate the transformations from orthogonal coordinates
to coordinates in the final comparison system.
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FIG. 3a. Orthogonalized coordinates in
xVi1"i, yViii~systenl.
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FIG. 3b. /';.x p', /';.yp', /';.zp' rotated into the
plane of the scaled plate.
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FIG. 3c. Translation of the X. iii , y.iii, Z·iii_
coordinate system through (/';.xp')*, (/';.yp,)* to the
center of the moon.
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FIG. 3d. Rotations into the comparison system.

viii
(6.X;i)*""IVt'U

+ (6.Y;i) * (4)Ykpi
viii

l (6.Z;i) *Zkpi J

where
Xkp/r, Ykpiiz, z\'p;,z=i-th approximation of coordinates of feature k as de­

termined from measuremen ts on plate p referred to a
coordinate system whose center coincides with center
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of moon and whose axes are parallel to measunng
engine system

(~xp;")*, (~)'pit')*, (~zp{)*=i-th approximation of coordinates of optical center of
scaled plate in x pi", ypix, Zpix, coordinate system

or

[
(LlX:i):1
(LlYpi) I

l(LlZ:J* J

ir i.L T

= RL"i ·Ru,,;·R ppi LlY:i

Llz:d

(5)

where
~Xpiv, ~yp;", ~Zpiv= i-th approximation of coordinates of center of scaled plate In

~, "I, r, system.

cos P pi sin Ppi 0
'I'

(6)RPM -sin p. cos Ppi 0pt

0 0 1)

where
Ppi=i-th approximation of the counterclockwise angle measured from the projec­

tion of 7] axis on the x 1/
r _, Ypir_plane to the YpiT axis.

[1 0 0 1
ix ix I

10 cos Bpi -sin Bpi I

lo ix iT I
sin Bpi cos B 1J ;)

ix ix
cos L pi 0 -Sin L 1Ji

0 1 0
iz iz

lsin L pi 0 cos L pi

(7)

(8)

where
L;:; = i-th approximation of the coun terclockwise angle measured from r axis to

the projection on the lunar equator of the vector passing through the moon's
cen ter parallel to the camera's optical axis

B~i=i-th approximation of the counterclockwise angle measured in the plane of
the Liz-th meridian from the lunar equator to the vector passing through the
moon's center parallel to optical axis of the camera.

Final Rotation. The axes to which the coordinates are referred are rotated around
the zpiz-axis, the ~-axis, and the 7]-axis to obtain the coordinates of the feature (Figure
4). These coordinates are determined from the measurement of the plate referred to
the coordinate system in which comparison with the assumed coordinates of the fea­
ture is made by

iv iz

[:I'kP i Xk1Ji.. ix
(9)Ykpi = R/, ·R/J ·R p Ykpil iv

Cpi Cpt' pi ix
Zkpi Zkpi

where
Xkp/v, Ykp/x, Zkp/x= i-th approximation of coordinates of feature k as determined
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FIG. 4. Coordinate transformations.

from measurements of plate p referred to the coordinate system
of final comparison

r cos L e .
p.

j sin Bp .' sin L,..
pl .. /11.

[
-cosB p .·sin J.e .

pl jJl

-sin BI1 ,'sin Lc .
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cos' Bp"i' (l - cos Lep,) + cos L'"i
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1
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casB" .·sinB" .'(1- cosLe .) iPl pt fll,

cos Le . + sin' B" . (1 - cos L, .)
])1 In 1)1

(10)

1 0 o )
RB 0 cos Bepi sin Be,,; I

C/JI'

0 -sin Be,,, cos Be,,,)

and

rcos Ppi -SIn Ppi 0\

01R Plli [Sin O/\i cos Ppi

0 d

(11)

(12)
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where
B pp• = approximation of latitude of center of plate p in ~,7/, r-system
L pp• = i-th approximation of longitude of center of plate p in ~, 7/, r-system
Le"i =i-th approximation of L~i-Lpp,

Be"i = i-th approximation of Bj,i-Bpp.'

Combining Equations 1, 2,3,4, and 9:
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I ·r~;}i'v
IY';/JI:

l "zkpd

(13)

Rotations oj A sSlImed Coordinates of Features. The assumed coordinates of the
features are rotated into the compariso'n coordinate system by

r~ki1
R Ii . R I, . I17ki t

"pi }'III I I
l.\h J

(1'+)

where
X'kPi, y'kPi, z'kp; = i-th approximation of coordinates of feature k in the comparison

system as determined from assumed coordinates of the feature
~ki, 7/ki, rk;=i-th approximation of the coordinates of feature k in the t 7/,

r-coordinate system.

r~
0 ()

cos 131'", -Sill 81',,,

lo Sin 81'", cos 13",,,

cos Lpl'i 0 -sin (' Ppi 1

0 1 o .
sin L p ,,, 0 cos Lp",J

(15)

(16)

The Observation Equations. Let the plate parameters be

· vii

<1>1 = L p
"

<1>4 = ~Xp <1>7 = ~~'p

• vii

<1>2 = B p
"

<1>5 = ~YP <1>8 = ~Yl)

PI' ·<1>3 = <1>6 = ~zp <l>u = rp
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and the crater parameters

¢IO = ~k

¢Il = 'Y/k

The observation equations are then

[
.r

H

' - '\"'J
y1'~ _ y"

(17)

\\' here
Sj = 0 if parameter is known; 1 if parameter is to be deterlll ined

~¢j=Correction to be added toj-th parameter.

A least-squares method is used to determine the corrections to the unknown
parameters. The parameters are updated and the process is repeated until the cor­
rections are less than 10-6 in the unit of their measurement.

CONCLUSIONS

With the model described above it "'ill be possible to obtain a precise horizontal
and vertical control from a combination of extraterrestrial and terrestrial photog­
raphy or from extraterrestrial photography alone. The model permits the treatment
of any feature or plate as completely or partially knO\\'n and determines the longitude
and latitude of the camera at the time the plate was exposed as free parameters in the
adjustment. The prototype program being used for experimentation determines the
al ti tude of the camera above the mean sphere for each plate. The spacecraft posi tion
in addition to the feature position is, therefore, completely determined at the time of
exposure for each plate.
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