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A MATHEMATICAL MODEL FOR THE SIMULATION 
OF A PHOTOGRAMMETRIC CAMERA USING STELLAR CONTROL 

Chester C Slama 
Geodetic Research and Development Laboratory, 
National Ocean Survey, NOAA, Rockville, Md. 

ABSTRACT. A mathematical model that simulates a camera and its 
orientation in inertial space is described. Also, a computer 
program that utilizes this mathematical model and least squares 
techniques to estimate camera orientation parameters from 
measured coordinates of star images is presented. Although the 
primary purpose of the computer program is for application in a 
world-wide geometric satellite triangulation system, sufficient 
flexibility has been incorporated to allow its use as a 
photogrammetrist tool for precision camera calibration. 

l. INTRODUCTION 

The National Ocean Survey has technical responsibility for the execution of and the data 
reduction and evaluation for a worldwide satellite triangulation program. In general, this 
program employs simultaneous, high-precision photographs of a satellite trail against a 
background of stars to determine geometric positions of widely spaced points on the earth ' s 
surface. One step of the many required to accomplish this ta5k is the computation of a 
mathematical simulation of the camera used to photograph the satellite and stars. That is, 
comparator-measured coordinates of star images on the photographs are processed in a 
computer program, along with directional coordinates of the stars, to define the mathematical 
orientation of the camera in inertial space. The computer program is based on a geometrical 
simulation of the camera central perspective augnented with all known physical perturbations 
present during the exposure or associated with the subsequent measuring process. This report 
describes one such computer program developed by the NOS specifically for operational 
application to the worldwide triangulation system; the program has sufficient additional 
flexibility for use in photograrrmetric error studies and in camera calibrations. 

2. THE MATHEMATICAL MODEL 

A general approach to the problem of analytically detenTlining the orientation of a precision 
photograrrmetric camera in space has been well documented by many authors, particularly Brown 
(1964) and Schmid (1953, 1959), and updated and programmed by Butler (1964). A complete 
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description of the NOS satellite triangulation system is in print in Gennan (Schmid 1972) and 
will be rewritten in English. The computer program described in this report employs the work 

of Schmid (1959) as a foundation for a system tailored specifically for application to 
satellite triangulation. For minimizing repetition, only those changes or additions necessary 
for adaptation will be discussed in detail; supplemental basic fonnulas of the unchanged 
portions are given with specific reference to their origin. It is assumed, therefore, that 
the reader is familiar with the basic formulations of analytical photograrrmetry and the 
notations as used in the referenced texts. 

Incorporating the geometrical optics concept of light rays, figure l depicts a light source 
from a star passing through the atmosphere and a camera lens (shown as an idealized point) 
onto a film plane to form an image. 

z 

' ~ 
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I 

Figure 1.--Geometry of the photograrrmetric reconstruction 
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The description, in mathematical tenns, of the path of such a ray constitutes the mathemat­
ical model. For continuity, the description of the mathematical model in this section starts 
at the star (object space), quantifies the atmospheric refraction correction followed by the 
projective transformation to image space, and covers the deviations of the transformed ray 

from a true central perspective. 

A. Object Space Coordinate Reference System 

To date, all computer programs for the one-camera orientation problem, as conceived by 
Schmid, have employed XYZ Cartesian coordi nates as the basic reference system for spatial 
control. This does not imply that the control must always be given in a rectangular system, 
as pointed out by Schmid (1951). In that report, he derives a camera orientation by defining 
directions to stars by spherical coordinates on a unit sphere (right ascension and declination). 
To apply these directions to the central perspective formulas, however, he further introduces 
expressions for the transformation of right ascension and declination to standard coordinates. 
The same approach is used by Schmid when using terrestrial points given in terms of geodetic 
coordinates g; ,.l,and h. Here, he transforms the geodetic coordinates to a rectangular 
X Y Z system with an origin and orientation convenient for the problem being solved (Wooten 
1961). The orientation of a camera can be determined from directional control given in any 
system that can be transformed to rectangular coordinates. Also, the optimum program for 
comput ing this orientation for the general case will have the observation equations written 
as functions of rectangular coordinates. In this way, the program will not be restricted to 
one type of control; in addition, various types can be mixed in the same solution. One dis­
advantage to this approach is that, when the control is given by coordinates in systems other 
than rectangular, the transformation function must be used to propagate the variance­
covariance matrix associated with the given control point into the XYZ system for weighting 
purposes. In most cases, however, this normal-
ization can be performed as a preprocessing step 
and, as such, will not add steps to the orienta­
tion program. Although this system is well 
suited for terrestrial applications where gen­
erality is necessary because of the variety of 
control data used, it was judged to be an un­
necessary refinement in satellite triangulation 
where the star field alone is the basic source 
of control. As a resul~, the right ascension­
declination reference system was selected as 
the coordinates for object space; and the ob­
servation equations, in terms of rectangular 
coordinates as presented by Schmid (1959), were 
modified accordingly. 

Figure 2, incorporating the concept of a unit 
sphere centered on the observer, illustrates 

O~ecl 
Hovr Circ/, 

····-~~ 
···~".":--4>1 

··. c;. 
·······-.'?.":otor 

'····--
... · 

Figure 2.--Local rectangu l ar, geodetic, 
and astronomic coordinate systems 
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three methods of describing the direction of a star relative to an observer's zenith. The 
direction can be defined first in tenns of three angles or arcs: declination o (along the 
hour circle of the object), latitude of the station gi (along the station meridian), and local 
hour angle H (the angle between the station meridian and the object hour ci rcle, measured 
along the Celestial Equator). A second description is in tenns of rectangular coordinates 
(~. tz,Z) with { positive north parallel to the station meridian, rz positive east, and Z 

in the direction of the zenith. (Note in fig . 2 that the { and rz axes are shown at z =1 for 
clarity.) Finally, the direction can be defined by the star's zenith distance (J•) and the 
azimuth from astronomic south (A ) • Since these three systems are used frequently in the 
mathematical model, expressions for transforming from one system into the other will be de­

rived here. 
The successive rotation of a coordinate system through the angles o , ff , and <fJ , r espec­

tively, from the direction of the object to the local zenith can be written as the product of 

three matrices : 

r·=~ 
sin~ 

Applying eq (1) to 

and 

0 -s;n~][ I 0 

0 ][ 

coso 0 ·:·1 I 0 0 cosH -sin/I 0 I 

0 cos~ 0 sin/I cos II -s/n 6 0 coso 

Cartesian coordinates of the object ( XYZ), we have 

%= Y= 0, Z= I 

[ 

COSg> sino - coso Sil1']J C03/I l 
- co.so sin H 

sin ~ .sin o .,. cos o cos~ cos II · • 

= R,,,H, i. ( 1) 

(2) 

Re-establishing a unit distance for Z , we arrive at expressions for$ and 'l of the object in 
tenns of 1J , o, and H : 

{ 
cosg> .sin o - coso sing> cos H 

= 
sin~ sino # coso cos~ cosH 

(3) 

'I 
coso sin/I 

= - sin,, sin & .,. co3 o cosg> cos H 
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In another convenient form, the same relationships are given by 

Ion tf - tonr; cosH l { = cosH .,. tonr; tan o (4) 
sec9' sinH 

'l = - cosf/., ton 9' tan rf 

where H =local sidereal time minus right ascension «. 

The coordinates (oe, 6) used above are the apparent position of the star (i.e., the 11 geo­
centric" position, referred to the true equinox and Equator of date, in which the star is 
observed). This position differs from the position of the star in which the observation is 
affected by atmospheric refraction and diurnal aberration. A complete description of the 
procedures used to "update" star positions is given by Bush (1972). 

The inverse relations (i.e., given f and 'l , compute Hand o) can be established in tenns 
of intennediate coordinates azimuth (A ) and zenith distance ( r ) . From figure 2, it can 
be seen that these quantities are (with a quadrant check on A): 

and 

l)'/Z Ion;• = ({z ~ 1 . 

Also from figure 2, when one applies the laws of sines and cosines of spherical trigonometry, 

and 

.slnH = 

cos H = 

sinJ• .sin(/80°-.4) 

~in (90°- d) 

cos1• cosfJ + .sinj0 .Stn9' cosA 

cos tf 

cos (90•- o) : cos J• cos (90°-p) + s/n(90°-f') cos(/80°-A) • 

With these expressions and the identity 

ton H = s1'r7H /cos I-I, 

the coordinates Hand o in tenns of J 0 
, A , and '1' are 

tonH = 
.st'nJ• .sinA 

(5) 
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Finally, by definition, the right ascension (oc.) is given byoe= LST -Hwhere LST is 
the local sidereal time. 

B. Atmospheric Refraction and Diurnal Aberration 

A large amount of literature dealing with the problem of refraction or the bending of light 
as it passes through the atmosphere is available. The most recent, a theory published by 
Garfinkel (1944), uses a polytropic model of the atmosphere to develop an expression for re­
fraction ( R) in a power series as a function of the observed zenith di stance, pressure, and 
temperature at the observing station . Here, 

( 6) 

where J;. and Ware functions of the station and standard temperature and pressure. The (J3i. 

are tabular val ues given in the reference ( i =0,4) with an argument e (a function of the ob­
served zenith distance and weather). That is, given the zenith distance of an observat ion 
(590°} together with the temperature and pressure at the station , one can. compute the angle 
e and the "weather factor" w, enter the tables using Bas an argument, and find values for 
the (f)i. • These values, together with W and the station tempera tu re and pressure, a re used in 
eq (6) to compute refraction for the observed ray. For zenith distances greater than 90°, 
other tabular values (Ci ) together wfth small corrections ( ci ) are given in Garfinkel 
(1944) . to be used in a fonn similar to zenith distances 590~. 

With the advent of the large-scale electronic computer and a widespread interest in astro­

nomical refraction for zenith distances greater than 93°, Garfinkel (1967) published a mod­
ification to his 1944 theory. He emphasizes an improvement in accuracy, an improved algorithm 
for computation of refraction, and (most important) includes a reference to a FORTRAN-coded 
computer program to replace the earlier tables. He further states that "The new theory is 
val id in the entire domain o.::; z .$180°, 05 h < 00 of the arguments z and h and satisfies the . 
most crucial internal checks with an accuracy of better than 1 s." 

Garfinkel's model was adopted for use for the computation of atmospheric refraction in this 
program. However, the referenced FORTRAN program was not introduced directly to avoid com­
plexity. Instead, values of refraction for zenith distances of 0° .to 90°, at 0.1° increments 
and standard temperature and pressure conditions (i.e., T = 0°C and P = 760 mm of mercury), 
were computed us i ng Garfinkel 's rigorous function. These values in turn were introduced as 
observations in a least squares fit of the data to a more simple function of the fonn 

(7) 

where T = T/T,, . W =P/7'
1
, and P = P/P. (with T as station temperature, P as station 

pressure, 7; as standard temperature, and F; as standard pressure) and the angle jJ is a function 
of weather parameters and observed zenith distance of the object given by 

7' t/Z 
lon;1 = T Ion J (8) 

where r = 8.7137 (a constant given by Garfinkel 1967). J 
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The resulting coefficients ( r.i) were 

r. = I 1050.6103, 

rz = 706. 11502. 

and r, = 262 .06086, (9) 

'" = 
142.67293. 

For testing the validity of these computed coefficients, comparisons were made between the 
rigorous and the fitted function over a wide range of temperature and pressure changes. These 
comparisons are shown graphically in figure 3. 

0.6 

I 
I 
I 
I 

~ ~" : ·~ P: 800 mm, T • • .50• C / 

,:; P • 760 mm, T • o• C / 

'- P· 7zs ,.,,.., T• .-so•c / 
1~ I 
Cl~ O. l / 
\~ / 

I / 

~~ / 

~~ -----------------~ U o. 0 t----,::o:':'• _,.-;;;;-=;~;~. _.-;;,;-;,:;-iiii~ip;•.-..,-,,,-!!!-!!!!-!!!"~o•~:!!· :::::::·::.5Q:;:;·:::. :::::::· =:·-==6~0•::::;.:;_=.=....__=7i;::'().:::::::::.....--,.----

~ ~ Zenith Oi.sfanc~ (d~;.) ."'-

~ ~ ·:t·O . .I \ 

\ 
\ 

·0. J 

Figure 3.--Residuals after the "fit" to the Garfinkel refraction 

Although the comparison was computed for many temperature and pressure combinations, only 
the outer bounds of the family of curves are shown on the graph. The sol id center line is a 
plot of the differences at standard pressure and temperature and, therefore, represents the 
residuals of the curve fit solution. The two remaining lines are plots of the differences for 
extremes of pressure and temperature. From them, it is apparent that the adopted function 
essentially fits the rigorous data to with in a maximum of 0. 1 s of arc for zen i th distances 
0° to 70° over temperature and pressure ranges of 100C0 and 75 mm of mercury, respectively. 
Since the deviations at nonnal operating conditions proved to fall well within the error budg­
et for camera orientation, the generalized function (eq (7)) with coefficients (eq (9)) was 
selected for the computation of atmospheric refraction in the program. 

Atmospheric refraction is computed individually for each star direction; adjustments are 
made in the fonn of corrections to the star's apparent coordinates (hour angle and declina­
tion). In figure 4B, the observer's zenith pierces the unit sphere at 0. Likewise, direc­
tions to a star pierce the sphere at s'(refracted) ands (apparent). The direction difference 
OS is then defined as the unrefracted zenith distance J, and OS' is defined as the refracted 
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Pole 

.· . 
p 

0 

Figure 4.--Corrections for atJTDspheric refraction 

zenith distance Jr. From the triangle OPS, an expression for the unrefracted zenith 
distance is 

( l 0) 

where g; is the observer's latitude, o is the star's apparent declination, and His the apparent 
hour angle. Zenith distance is always positive; therefore, the tangent of the angle follows 
directly from the identity !onJ: {(1-cosj;'//cosJ}from which ton~ can be computed using 
expression (8). Atmospheric refraction~ for the given ray is then found by evaluating eq (7) 

for the argument ton/J/2. However, as stated earlier, the 1i in eq (g) were derived for a re­
fraction function that was evaluated for observed directions to stars (i.e., refracted 
directions). The star coordinates referred to above, on the other hand, are catalog values 
updated to apparent positions and as such are unrefracted directions. Since refraction 
corrections are required for inputs of both observed and apparent zenith distances, the 
problem could have been resolved by introducing two sets of riand applying them to expression 
(7) at the appropriate places in the computer program. Another solution, the one used here, 
is to maintain one set of Ti and solve for refraction of apparent directions using successive 
approximation. This is done by successively adjusting the apparent zenith distance first 
computed by eq (10) and usin~ 

(l l} 

where Jr;. is the current adjusted value of zenith distance, J is the apparent zenith distance, 
and fi.-i is refraction evaluated at the previously adjusted Jr. This scheme is repeated until 
the change between successive ~.i converge to a predetennined tolerance level. The final value 
for refraction is then the average of the last two determinations of~ . 

By definition, atmospheric refraction results in the bending of light rays toward the ob­
server's zenith; its correction lies in the direction OS (fig . 4B). For one to apply this 



9 

correction to star coordinates,~ must be projected into the H,o system. From figure 48, we 

have for the indicated auxiliary angle q 

co.s~ = 
C'O.S (90°- 'I') - COS J COS (9() •- tf) 

sin; sin(90•-t1) 

with which an expression for the sine of the refracted declination coordinate ( or ) can be 
written directly in terms of the unrefracted dee 1 i nation ( 6 ) and the refraction angle ?" . 
Thus, 

sin Or = cos(90°- tf}co.s r + 5in (90°- o) s in r co.s <[ • ( 12) 

Again from figure 48 , the angle qis 

sin 'l = 
.sin (90•-g>) sin H 

sinJ 

and in the triangle PSS', an increment iJH to the unrefracted hour angle is given by 

( 13) 

The refracted hour angle coordinate follows as 

z 

Figure 5.--Refracted and unrefracted 
zenith distances 

H,. = H-LJH. ( 14) 

The inverse of the problem just discussed (i.e., 
given a set of coordinates of a refracted star image , 
compute correct ions for refraction) is roore straight­
forward. As before, the zenith distance to the star 
is computed using either eq (10) (if the direction 
is given by H,.. and o,.. ) or by using (from fig. 2) 

( 15) 

where the refracted direction is defined by Cartesian 
coordinates ~rand 1r . In either case, since the 
direct ions ar:e "observed , " express ion (7) is evaluatec 

directly with no iterations; the unrefracted (or corrected) zenith distance becomes 

J = ;,. ~ r 
as shown by figure 5. 

Since the azimuth to the star remains the same for either refracted or unrefracted 
directions, expressions (5) in the fonn 

tanH = 
sin; sinA,. 

sin tf = cos J sin 'P - .sin J cosg> cos A,.. 

( 16) 
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can be used to compute unrefractea coordinates H and d where the azimuth is given by 

tan A,.= '/r/{r · 

Diurnal aberration corrections must be taken into account to complete the adjustment of the 
input spatial coordinates into directions seen by the camera. Diurnal aberration is the ap­
parent displacement of a star image due to the relative velocities of the light ray and the 
observer on the earth's surface. Because of the earth's rotation, light rays from a star 
appear to an observer to be displaced in the direction of rotation by an amount proportional 
to the observer's linear velocity (because of rotation) and the direction and velocity of the 
incoming ray. From the "Explanatory Supplement to the Ephemeris" (Her Majesty's Stationery 
Office 1961), this displacement (ins of arc) is given by 

and 
LI°' = 0. 320 co.s '1' cos H s~c o 

L1 o = 0. JZO cosg> sinH sin o; 

by definition, the corrections to the input coordinates (apparent places) are made using 

oe.' = oc + Lloc 
and 

J' = cf + L1 cf. 

( 17) 

( 18) 

It is obvious from eq (17) that the effect of the diurnal aberration correction is small as is 

the correction for atmospheric refraction. Consequently, the star coordinates in expression 
(18) can be either refracted or unrefracted. For continuity, the corrections for diurnal ab­
erration in this program are always applied to unrefracted coordinates. 

In summary, coordinate systems for input spatial control have been defined; and transforma­
tions of these coordinates into the Cartesian system more amenable to atmospheric refraction 
computation have been developed. In addition, corrections for refraction and diurnal aberra­
tion to adjust the directions to those seen by the observer (camera) were developed both for 
a ray starting at the camera (refracted) and for a ray described by star coordinates (unre­
fracted). The ray in object space is thereby completely defined. 

C. Projective Transfonnation 

The derivation and principles concerning projective transformations have been discussed 
adequately in literature preceding this report (e.g., Schut 1958, Schmid 1953, and Brown 
1957). It will be sufficient, therefore, merely to define the input parameters used in this 
mathematical model (adopted from Schmid 1953) to provide a basis for their interpretation. 

The relationship between a spatial coordinate system and its corresponding photographic 
image coordinate system is shown graphically in figure 6. In the figure, the coordinate axes 
X, Y, and Z are associated with the spatial control (stars} and are identical to the rectan­
gular system defined in figure 2 (where X=f and y..,.'l). The x and !J are coordinate axes in 
the image plane of the photograph that, when used with the camera pri nc i pal distance c , 
define the point Pin image space. 

In the illustration, the image plane is shown as a diapositive (i.e., falling between the 
center of projection 0 and the spatial control). Also, the x and y axes are translated to 



the image plane for clari ty. The relat ion­
ship between the two systems is given by three 
angles of rotation--a primary rotation ex: of 
the X-Z plane about the Y axis (Z toward 
X ) , a secondary rotat ion 4J of the rotated 

Y-Z plane about the rotated X axis (Z toward 

Y), and a rotation .oie of the X-Y plane about 
the Z axis (now coinci dent with the c axi s) 
fol lowed by a change in direction of the re­
sulting z axis. The corresponding rotation 
matrices for the angles .x,w,ae. and the refl ec­
tion are 

R"' = [C~oe smoe 
~ -s;oe l · 
0 cosoe 

z 

····· ·························· 

11 

[ ~ -Si CJ] 
Figure 6.--Camera orientation angles 

and 

Rat = 

0 

COSr.J 

sin cu cosw 

[

-/ 0 0][ C~SJt 
0 I 0 -5tnie 

0 0 I 0 

si11~ 
COS it 

0 

-si11~ 

COSiJt 

0 

The matrix product l?x f?wfl~ results in the orthogonal direction cosine matrix 

[

(- CO.So<. cosJt.., sinoc sin<.J sin~) {- COS<.J sint1C) 

(- cosoe. sin~ - si11ct. sinr.J cosit) ( cosw cos;)() 

(sinoc cost.J) (.sin(,)) 

that we designate as 

( sin.c. <:os~ .., cosce $1n41 .sin~)] 
( .sinoc sin1e - cosoe si11cu cos .ie) 

(cosoc C'OSr.J) 

Az 81 C1 = M . 
[ 

A, 8
1 C, J 

£J £ r 

The transfonnation from spati~l to image coordinates may now be written in standard 
matrix notation as 

(19) 

(20) 
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where,µ is a proportionality or scale factor. The inverse relation follows directly, since 
-I T 

M =M , as 

(21) 

For convenience in notation and later use in the report, the right-hand sides of expressions 
(20) and (21) are written without the proportionality factor as 

(22) 

and 

(23) 

Expressions (20) through (23) represent the relationships between image ' and object space for 
an ideal projective transfonnation. As such, they alone would be adequate for an ideal cam­
era. In reality, however, an ideal camera does not exist; therefore, the following discus­
sion deals with the modifications that are necessary to account for known or postulated per­
turbations in image space. 

D. Deviations From an Ideal Projective Transfonnation 

Perturbations of light rays as they pass through a camera lens and are recorded on an emul­
sion in the image plane of the camera can take many forms. Those of most interest to a photo­
grarrmetrist are the perturbations that result in a physical displacement of the resulting 
image from its ideal projective position. Also of interest are the positional distortions 
that take place as a result of the recording medium and its processing and the errors in pos­
itional data attributable to inconsistencies in the measuring system. 

Figure 7 is a graphic depiction of the perturbations, more conmonly called inner orientation 
parameters, postulated for this mathematical model. In the illustration, the observer is at 
the center of projection 0 looking toward object space through a diapositive as depicted in 
figure 6. Each of the distortions shown will be discussed in the following paragraphs. 

Every effort is made by the camera manufacturer to provide a precise reference system by 
which the photogranmetrist can recover the central ray of the projective transformation. The 
intersection of a series of marks or dots marked on the bordering edge of the film plane de­
scribes the point of intersection of the central ray and the focal plane of the camera. 
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Figure 7.--Perturbed plate coordinates 

These marks, in turn, are used by the photogranmetrist as an origin for the measured plate 
coordinate system to provide a means of relating the exterior orientation angles and interior 
orientation parameters to physically describable directions in and of the camera. Since the 
position of the fiducial intersection cannot be made to coincide precisely with the central 
ray (principal point), an adjustment must be made within the mathematical model. The adjust­
ment can take the form of a simple translation only since the rotational component will be 
absorbed by the~ angle described in the previous subsection. The translation of the coordi­
nates from eq (20) takes the form 

(24) 

where Xp and !J,. are coordinates of the principal point in the measured pl ate coordinate system. 
A lens made of centered spherical elements will produce an image subject to five distinct 

aberrations (Seidel 1856). These aberrations, usually referred to as the Seidel sums, are 
ordinary spherical aberration, coma, astigmatism, curvature of field, and distortion. In 
most cases, a good lens will be designed and fabricated to minimize these conditions; however, 
they can never be eliminated completely. The most undesirable of the five, from the viewpoint 
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of satellite triangulation, is distortion that results in a dislocation of the image from an 
ideal projective transformation. Conrady (1918), using the law of lateral deviation of a 
marginal ray and restricting his discussion to aberrations of the third order, showed that 
the magnitude of this displacement is proportional to the cube of the angle which the extra­
axial object point subtends and that it is present in undiminished magnitude however small 
the diaphragm opening may be. He states further that his derivation is based on curved images 
and that it can be shown to lead to additional higher order terms to secure a numerically 
cor rect value of distortion. 

Brown (1956) first suggested that radial distortion be determined as part of the least 
squares solution to the orientation of a camera; both he and Schmid (1959) adopted an odd~ 
power polynomial, carrying four terms as adequate to represent the distortion profile. That 
is, distortion is assumed to be representable by a polynomial of odd powers of radial distance 
from some point on the image plane and hence to be synmetrical about that point with a posi­

tive displacement directed outward. The polynomial is assumed to represent the amount of 
distortion evaluated for a point as a function of its undistorted position on the plate. The 
reason for this will become evident later in this report in the discussion of the formation 
of the observation equations. 

From figure 8 and assuming terms up to seventh order 
as adequate, one obtains the radial sy111T1etric distortion 
!JR by 

(25) 

where the K1 are unkno1vn coeffi ci·ents to be determined 
in our calibration and dis the radial distance from 
the point of symmetry of the distortion profile. 
Allowing for a translation of the point of symmetry 
from the principal point of projection (4x and Lly) 

results in the expression for radial distance : 

where 
and 

!:Is ::: !/,, + LJ !I . 

(26) 

(27) 

Figure 8.--Radial lens distortion 

Finally, to resolve radial distortion ( L1R) into components of the plate system x and !I , 
we compute the projections using the angle/J (fig. 8) from 

4RL = L1R Slo/.J = !R (z,i.-x$) 
.• .tJR 

.tJR!I = .tJR cos,4 = Ci ( !/,;, - !Is) • 
and (28) 

The discussion of lens distortion thus far has been confined to image displacements arising 
from lenses made of centered spherical elements. That is, the assumption is made that the 
centers of curvature lie on a straight line . Early studies of analog methods by Pennington 
(1947), however, showed that unusual deformations in multiplex models could be attributed to 
tangential distortion resulting from misalinement of lens elements. Washer (1957) showed 

... 
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that the effects of lens decentering could be simul ated by a thin prism in combination with a 
centered system and coined the phrase "prism effect." No attempt was made to correct for de­
center ing defects in appl i cations of analog ins t ruments; but with the advent of numerical 
methods, the subject was revived. Naturally, the adopted 
mathematical simulation took the form of a pri sm or wedge; 
the resulting equations were written as 

..1xw = ~ cos gJr 

and 
IJy.., = ?,., sin 'Pr 

where f'w is the distortion profile that defines the amount 
of displacement as a func t ion of radial dis tance and 9J1 is 
the angle of the line along which the displacement has no 
radial component . A graphic example of the displacements 
resulting from the wedge model for one radial distance is 
shown in f i gure 9. 

;x. 

_... /i ... ····· .... /JtJx41 

~ 
.. ···· / :~'1!Jw 

I · .. 
. I ··1 

/ .......... /~JO .... 
: .......... I /J, ~ 

!/ .! 
· .. L-· .· 

... . '7. /J .. ···· 
........... ··-

Figure 9.--Wedge distortion 

Brown (1966) suggested t he use of a decentering model (developed by Conrady 1919) that had 
gone unnoticed by most phot ogranmetrists. Using the same methods he used to develop the 
Seidel sums, Conrady establ ished algebraic expressions for displacements resulting from de­
centrations of lens elements. In his notation, these expressions are 

and 
r = 3p,,v z cos x 

t = P.r vz sinx 
(29) 

where Vis the half angle of view of the image,p~ is a constant peculiar to the lens system, 
and x .is an angle indicati ng the orientation of the image relat ive to the direction of decen­
tration. (In this case, decentration is understood to mean the resultant direction when more 
than one element is involved.) The component r in the expression is taken as positive away 
from the origin along the radial line of the field, and the component t is perpendicular to 

t-p,,V"' tJP.,ll' 
-ff~:.~ ..... .. ···· ,·· ····· .... /> 
J. l/1 ". .- I -.. / 

r c :ft_ ---z/ ... " I .... 
{2 ',._ : . 

v't P,, . 

"-.. I 
'x t+ 
~" I 

' I ... .,, 

. / ' . · .. 1··. ,,.\ ... .... ....... t ....... .... 
A ······... . ...... · 

·· .. .... . , .. ... ·· 

~Ty I .···· ' x 

....... t~~ ·· ·· ····· .. 
.·:' I ·. . \ I 

\ I 

\ ..C I 

t 

B 
-.. ..... .... . 

Figure 10.--Conrady decentered lens distortion 

·. 

,• 
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this radial line fonning a right-handed system. Evaluating eq (29) for any given distance 
from the center of the field, we see that the displacement of the image would be radial and 

equal toJ'p,V'in the dtrection;r =0° and equal to-JP.rv"at,t =180°. All intennediate values 
of x result in displacements in both the radial and tangential directions (as indicated in 
fig. lOA) with the maximum tangential effects occurring atx =90° and 270°. 

To relate this distortion model to our plate coordinate system, we arbitrarily assign one 
of the directions of maximum tangential distortion (X =270°) to our plate positive !I axis 
and introduce a new variable gJT as the angle of deviation from this standard position. From 
figure lOB, then, the angle X of Conrady takes on the meaning 

x = Cf? "f ,l.J - 90° ; 

and the expressions (29) in terms of gi, and jJ become 

and 
r = 3p_,V~ sin(1', +4) 

I= -pJV; cos(g>, ~,(}). 
(30) 

Further, to resolve the Conrady displacements into components in our plate system, we pre­
multiply expressions (30) by a rotation matrix (rotate the r, t system through an angle 
/3 -90°, r toward t ) and replace the distortion profile ~V

1

by a polynomial in distance d 

given by 

resulting in the final form for decentered 1 ens dis tort ion ( 11 T): 

Finally, from figure 7 and substitution of the relationships 

and 

where 

and 

cos,,<!= dv 
d 

· ,A dx 
Stn,/J = -

d 

dx =(z,;,-Ks} 

<19 = (yi. - !Is) , 

expressions (30) reduce to the more convenient fonn 

and (32} 
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Figure 11.--C~nbined radial and decentered lens distortion 
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Figure 11 is a graphic example of the displacements resulting from a combination of both 
radial and lens decentering distortion evaluated at a distance d from the point of origin of 
the distortion profiles. As formulated by Conrady, the displacements from each distortion 
source can be considered as independent vectors in which the resultant is the sum of their 
individual x and !J components. In matrix notation, then, the resultant shifts ox and 6.Y of 
any point 1 can be written as 

where the coordinates of the displaced image are given by 

~ = z.i ,. oz 
and 

(33) 

( 34) 
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To complete the mathematical model, one must allow for two additional defonnations of the 
imaged point. That is, we introduce the provision for a differential scale change along the 
x and !J plate axes and a second component that expresses a possibl e nonperpendicularity of 
the measured plate axes. The scale change provision can be brought about by prerrultiplying 
the coordinates from eq (20) by a diagonal matrix of the form 

r ~Ht HJ r n . (JS) 

This effects a multiplication of both the z and~ distances by individual scalers. However, 
by definition, we already have introduced a scale into our system with the principal distance 
c and, therefore, cannot leave eq (35) in its present fonn . To remove the redundancy, we 
assign the projective transfonnation component c to one of the axes and compute a departure 
of the other axis from this scale . This is accomplished by setting 

~ = c" 
c 

and 

s!I :: Ct1 

c 

whereby eq (35) becomes 

Figure 12 shows a nonperpendicular system .t: •!/ 
with an angle of nonperpendicularity e. From 

the figure, we can see that the transfonnation 
to coordinates with nonperpendicular axes, where 
e is small (i.e., .sine= c and co.sE=l), has the 
matrix 

= I 

( 36) 

p 

......... ~¥. ........ ····· ······· i 

.lg co.st 

Figure 12. --Nonperpendicularity of the 
comparator axis 

Combining this with eq (36), we have for the total effects of scale change and nonperpendic­
ularity an express ion of the form 

(37) 
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This completes the formulation of the mathematical model for the projective transformation 

from object space (star .coordinates) to image space {measured plate coordinates). Combining 

the expressions from the previous subsection with those of the perturbations just discussed 

results in a matrix expression for the total operation: 

.. -, 

0 .!.. lJR+O. ' o!... ' 
~ 

0 I 0 0 0 ! I 0 "1i I 

%· I -t m Xp m I ... ,v. d A: I p. I 
I I 

/JR I I 

0 Cv 
I Cy I 

0 I 0 0 0 (j tDg 0 .: 0 0 n - '1y ' (38) ~ = n + .Y,, + ,.. 
CJC c,, I 

' I 

' I 
I I 

Cx 0 0 I 0 0 I q 0 0 0 0 :o 0 I q 0 
I 
I 

I I 

t - J 

After carrying out the indicated multiplications and dividing the first and second equations 

by the third, expression ( 38) reduces to 

(39) 

that express the image coordinates~- and i_ in terms of star coordinates and 16 additional 

unknown parameters. 

It is apparent from close inspection of expression (38) and figure 7 that the evolutionary 

process leading to the present single-camera mathematical model resulted in a sequence of op­

erations not easily interpreted in physical reality . That is, the distortion model is applied 

to projectively transformed coordinates that are assumed to be unequal in scale. This implies 

a scale change as part of the projective transformatiol'I. A more realistic form would have 

assumed that the lens distortions are independent of the scale deformations and that scale 

changes take place after the image is formed (either by differential emulsion shifts during 

processing or unequal scales of the comparator axes). A roodel of this type would take the form 

I - C.v f 0 I lJR +D. I .r . 
}J m .lp 0 0 - m .1r " Cr. d ;r µ 

- 0 Cv 0 0 ~R D. 0 !Ii = n + !fp + -+ n - "1y (40) Cc d y 

c..c 0 0 J q 0 0 0 0 q 0 

with associated observation equations 

and ( 41 ) 
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In satellite triangulation, the choice of expression· (38) has no adverse effects on the 
final accuracies of the system since the ultimate goal is to interpolate a selected direc­
tion into the right ascension-declination system of the stars. In camera calibration, on 
the other hand, the purpose is to detennine certain camera characteristics to which phys i cal 
interpretation can be attached; therefore, the form (40) would be more desirable . 

A further note of caution is now appropriate to those who may attempt to attach physi­
cal significance to the computed parameters when performing a camera calibration with th is 
program . Because of the strong correlation that exists between some of the parameters car­
ried in the solution, the resulting values in some cases tend toward interpolation para­
meters rather than physically interpretable quantities . Also, all transformations of the 
observational data prior to their introduction into the problem must be taken into account 
in evaluating the resulting model. A case in point is that of the scalars c¥ and c~ along 
with the nonperpendicularity angle e. In most measurement procedures, the photographic 
plate is usually placed on the comparator stage in an arbitrary orientation. After record­
ing the individual coordinates of each image point together with measurements of the camera 
fiducial markers, the entire system is translated to an origin determined by the intersec­
tion of the camera fiducials and then is rotated so that one of the coordinate axes is coin­

cident with a line through two of the fiducials. In this way, various plates from the same 
camera are all related to one physical orientation in the focal plane of the camera. This . 
provides a conman origin and direction for the exterior and interior orientation parameters 
of the camera. Unfortunately, it also carries with it a new definition of the computed sea-

la rs c"' and c~ and the nonperpendicul arity parameter c . 
er refer to the original axes of the comparator, but are 
fanned system shown in figure 7 and expressed in eq (40). 

That is, these parameters no long­
functionally related to the trans­

As a result, to relate these 
parameters to the original coordinate system, we cannot merely rotate the value e alone; we 
rrust operate on the transformation matrix of (37) in total (Pope 1966). That is, given a 
transfonnation matrix A as in (37) such that 

X'= AX 
where 

then the same transformation matrix in the rotated system is 

where 

R ::: [co~{) sin8] 
-s1n8 cos& 

and B is the angle measured from x toward !I between the original measured system and the 

• 
l , 
I 



computed system. The resulting expression is 

Finally, from Pope, the relations 

and 

result in the final rotated parameters 

and 

Sx,.. =a,,, 
Syr :: Ozz , 

c,. = 012 + 011 
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(42) 

Expressions (42) can be used to tran'sform the parameters from the camera calibration computa­
tion directly to physical characteristics of the film and comparator. 

In the discussion of lens distortion, expressions (34) were given as the ones to be used to 
apply displacements to coordinates from the projective transformation. The need arises, 
however, in the course of the problem to proceed in the opposite sense (i.e., to start with 
measured plate coordinates and apply the inner orientation parameters to arrive at projected 
coordinates). For accompli shing this , distortion must be computed by successive approximation. 

First, for the distorted plate coordinates (R.z ,f!I) of an image point, a distance d' is com­
puted using expression (26): 

where ix is the measured ix coordi nate corrected for nonperpendicularity by 

Expression (33) is then eva luated for this d
1

; the result is applied to ix and .111 to arrive 
at a new d". Thus, 

from which new values o;'and ~"are computed using (33). The process is repeated , each time 



22 

applying the new cf" and ~ corrections to the original given ~ and i!I until the changes in 
o" and cfy are less than some predetennined tolerance. The final va lues of distortion are 
the averages of the last two detenninations of cf.i: and cfy, respectively. With well-corrected 
cameras, the computation will converge with less than four iterations. 

Another way to solve the problem is to compute for the distortion profiles new coef­
ficients that are functions of the distorted distance. For example, when one uses the re­
version of series, an expression for radial distortion in tenns of the distorted distance~ 
and the coefficients }fj_ from eq (25) is for moderate profiles 

J S II 7 
!JR= K

1
D11 +K2 D11 

+ K3 D 

where011 is given as 

Or, a simpler expression can be developed using Taylor series expansion when the distortions 
are small. Thus, 

Successive approximation was incorporated in the computer program for satellite triangulation. 
To complete the transformation from plate image coordinates to spatial coordinates, we 

refer to expressions (21}, (22), and (38). After inverting and rearranging terms from the 

right side of eq (38) and substituting expression (22), an expression of the form (21) re-

M
r 

sults that expresses spatial coordinates$ and~ in tenns of the transfonnation matrix 
and corrected image coordinates: 

{ f' M r (i.i. + ie -~PJ-(!R + D.r)(i;_ + ie -Zs - 6z) 

'I = ~ (~ -!/,)-(~ + Dy);:(~ -!Js - 6!1) (43) 

I 

Dividing the first and second equations by the third to eliminate the proportionality factor 
reduces the system to two equations of the fonn 

$= 
(.f,'~z.)A, • ~(t;'-y,.)A, • c,O 1 
f.e:'"'-z~JC. • c"(P/*-~Jc; +c"F 

Cy 

(.lz"*-zP)B, ~ ~(P;"-!J,}Bz + C.i: E 

fPz""--z,)C, + ~.i: (.!/*- y,)('z + C.c F 
y 

(44) 
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where.!~ and i!I are corrected coordinates from the preceding paragraph. Here, 

n** n 
.Cx ; -£x "' 4 t - Ox 

and 
41111 = 4 - cfy. 

{45) 

E. Linearized Observation Equations 

Equations ( 39) with X.i and ih· re pl aced by the measured coordinates ..R..r, and i'!li. pl us 
their residuals become the observation equations for our system. They express the two ob­
servations .Rxs· and 4-' in terms of the given spatial control and as a function of 16 unknown 
parameters to be determined in the solution. For a unique solution, then, eight observa­
tional pairs are necessary. The problem in satellite triangulation becomes one of estimating 
the unknown parameters from an overdetennined set of observations (i.e., more than eight). 

This estimation is accomplished by applying the method of least squares as outlined in ex­
tended form by Schmid (1959) and by Schmid and Schmid (1965). 

The observation eq (39) are not linear in the unknowns; they are, therefore, replaced 
by the first two terms of their Taylor series expansion. Thus, eq (39) become 

a-" o~ + .x,. - o -t'.i L1 o ~A. ..,_ = .l'· + - ~ '.-' a.u.o 
and (46) 

where 1'z and ...Ry are the measured plate observations with unknown residuals v,; and ~ . Ex­
pressions 'i4" and i.;_" are the functions [eq (39)] evaluated with the approximations.)(" for the 

unknown parameters from which the estimates (adjusted values) of the unknowns are given by 

{47) 

The a£//8>1°and a,i"/a,14°are partial derivatives of the expressions i"-0 

and~" with respect 
to each of the unknowns and are denoted in matrix fonn as 

and 

a:;.._· oi.t a.;: a:e ai: a;.: ai; a;; a;: 
aw• aJt: ae· a~; ay/ ac; acj/· adx' 0'1y0 

a~· ay_.· a;.: a;;.· ar;/ afi." a;..· a;,: ay_.· 
aw• a.7t• ac• a~,: a.v~0 Bez." ocy" 8tJx0 o'1i' 

Bz. Ci- 4 Hx Ix. G: 
By Cy t/v Hy ly 

~~: ~;~ ;~ ;~. ~~~ ~~1 
ai· ai4· a;; aY.t a;./ ay; 
ax,· 0K2" aK,0 aK: aK; a9'; 

fl Qz. ~ ,'Vz £1: R.c ~ 

G!I Py Qy M!f Ny Oy R!I Sy 
TX] . 
Ty 

(48a) 

{48b) 
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For simplifying the notation for later reduction of the system, the matrix is partitioned as 
indicated by the dashed line in eq (48b) into coefficients associated with stars and orienta­
tion parameters, respectively. The eq (48b) can be written more compactly as 

To determine the coefficients in EJx, we refer to Schmid (1959, pp. 28 and 29). The 
following expressions are given _as partial derivatives of the nonlinear observation equa­
tions with respect to the rectangular coordinates X., and >;;' of the center of projection: 

aF; c0 

= Oy = -@ = - c.ly- , ax, q 
(49) 

The F, and '5" are analogous to the functions i,,,~ and§;.• herein; and®, 0,@ , and 0 are 
computational auxi11aries defined as 

where 

@=00-A,, 
©: 0£-8, and 

@ = (j)D-A2, 

0 = (j)£-B2 

0 = x; -:r, and ® = ~~ - y, . 

The quantities A, , 8, , A2 , 8 2 , D , and £ are elements of the transformation matrix (19). 
The right side of each expression demonstrates that these coefficients are the negatives of 
those for c;patial control. When one uses the chain rule, coefficients in terms of 0( and 6 

(after substitution of r fO" X
0 

and 'l° for Y0

) are 

CJF, ar, 0(0 a F, a1° at; 
=-·- +-·-oac0 tJ{° occ. 0 o'l 0 8oc0 , 

doc 0 

ar, a,c; a{° aF, 0'1° and aF; 
-=-·-+-·-· ar,o ao0 a{ 0 ar, 0 a'( 06° 

where from eq (3) and (4) 

= 

= 

aF; ar aF; a'l· -·-+-·-
a{° aa(.• a'l· oc<. 0 

ar, ar a1; art 
-•-'t- • -ar ao· IJ'lO 

cosH 0 

cos~ 0 
' 

ao0 

art _ (CO.Jg> .Jo• Sino0

) d di/° = 
Ooc0 - cosd' 0 - > COSJ 0 , an ao0 

.singi sinh'0 

COS
1J 0 

, 

(50) 

(51) 

' 41 

• 
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from eq (49), (50), and (51) coefficients of oe and a in th e expanded observation equations 

are (taking into account that the functions F, and r; have been extended to include separate 

seal ars c; and c; ) 

Jx = -~ rfJ\1° sin 6°+ (j\f cos g> - J- 0 sin~\l 
~ q cosJ" l~ \Vlcos J• :i- J j ' 

and 

Ku = - £#', 
0 
[@ cos H 0

+ 0 sinp si11H~ 
-'' f!COS 'J J 

(52) 

that are denoted for observati on i, on star j as 

(53) 

The coefficients for the rotational parameters LloG, .1w, and .1oe are identical with those 

of Schmid (1959) since the direction and order of rotation and rectangular coordinate systems 

remained unchanged. For reference, they are repeated: 

aF, c ·0 - = x= -c.i: 2 aiJt· . and 

where 

again modified to incorporate c; and cy• 
For the nonperpendicul arity tenn e , 

aF. 0 a;· = Cy = c.r 1 

JF, -- U. -- i'f 0 and dt' ~ -J.i 
a1: 
-~ = Uv =O ae· , . 

(54) 

(55) 
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To develop the new coefficients for the distortion terms, we again refer to figure 7 
and establish the relationships 

and 

From these, the radial distance of an observation can be written as 

l l l 
d = dx +dy. 

Also, using expressions (28) and (57), we have 

L1Rr = [Ir; ( d.r 1 
+ d/) " l{z ( d/ + d/) 

1 
+ ~ (d,/ + ct/}'1 J dz 

(56) 

(57) 

and (58) 

L1Ry = [K (d/ + d/) + l(z (d./ +d/)1 +I(, (d/ +dy/.1 J dy 

from which we can .determine the coefficients for t1K, 0

, IJK/, andLl/(,
0 

(the coefficients in 
the radial distortion profile): 

ar, 
Mz oJ: dz, a;; 

M~ 
l = = ax, = = dyd , 

aK, 

ar. 
N~ d.c d", 

a;; 
N!I " ( 59) = = :::: dyd, d/(z dl(z 

ar: 
~ oKd~ 

a;:; 
o!I " = and = :: d!/d. 

JI(, a~ 

It will be noted that the above coefficients are not exact in that they are derived from the 
observations .fx and .i!I that are subject to errors (vs); also, the quantities d.z and dy are 
treated as constants in the expansion. However, experience with problems using fictitious 

data both with and without random noise has shown that the convergence of the problem is not 
hindered and that the effects of these approximations are smaller than computer significance 
in the final solution. 

For decenterinq distortion, we aqain use expressions (57) and (31) to write 

and ( 60) 
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The coefficients for 11~·. IJK5°, and IJsP; foll ow directly as 

aFz -s. .- , , JK; - '!I = d sinl(+2d (dy sin~; +drdfl cas~;), 

and ( 61 ) 

Finally, when using eq (56), (58), and (60), the coefficients forLl.z:• Ll!J• • 
are found to be • ' Xp • and JP• 

JF, E JR z rv ~ o.di = x :: - (j -dr. 4-drD,,,, cos4-4~'("0+(2d,/ +<19JX:Jc~-ldy[K:+(d/1 Jd/)K;]sinlJ:, 

~=Py = - dzdgDr -d, O,.. sin~ -2d1[1G0 

.. (.Jd/1df)Ksjcasp;+ldy..(s
0 s1ng(} , 

~~ ::: ~ = -O'zd¥4-40.., cosl?"-2ctr{[A;0 

.. (d./ddy)Ks°]s11?p; +2~~co~J , (62) 

Jf; 11 IJR z r o.dy = 'f'y = -(j-dj!J,.-d'f~ sin/( -ld.cf: .. rdf ~Jct)KsjtoJp;-4dj~
0

+(dr.112dy)<.]sinp: , 

/+ 1:;, 

where 

F. Multidirections 

In the preceding discussion of the mathematical model, we assume one orientation of the 

camera and, therefore, one set of ote.JX. at each exposure station. This assumption is generally 

valid since, in aeria1 photograrrrnetry, each expos ure no rmally consists of~ opening of the 

shutter, the duration of which is minimized for optimum image content and least image m:>tion. 

On the other hand, satell ite triangulation requires a multiple image exposure to provide opti­

mum targets for measurement and a sufficient amount of data for camera calibrations irrrned­

iately µrecedin9 (pre) and following (post) the satel li te passage (event) . Therefore, one 
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plate consists of exposures over an extended period of time, introducing the possi bility of 
camera movement during the exposure sequence . If the exposed plate is rigi dly clamped, the 
translational motions of the camera are negligible; and all the movement can be resolved into 
three rotations, 0(.,-«.z, GJ1 -GJ:1, and ik!,-tJl2 • If the change in direction of the camera axis 
is constant over the exposure period and the event is equally spaced in time between the pre 
and post calibrations, the bias error between the two calibrated directions would be absorbed 
in the least squares adjustment in the form of a mean (cX. WK-) resulting in a near correct 
result. Unfortunately, we cannot assume the motion to be unifonn over the entire period; how­
ever, we can assume that the camera will maintain a constant orientation during each of the 
pre, post, and event exposure sets. The solution, therefore, can be designed to compute one 
set of interior orientation parameters for the entire plate and three sets of exterior param­
eters, o<.W()(,. This is done by merely adding two additional independent sets of coefficients 
(eq (54)] to our observation equations and evaluating them with their associated image (..£~, 

J,~) using separate rotation matrices for each pre, post, or event star. An example of the 
form of the matrix of coefficients of the observation equations for one star during the pre, 
post, and event calibrations is 

Pre Post Event 
I I I 

.4 Bx ~ : o o o : o o o :~ H, o ~ o !; ta, M.c Ni O.r R.r S.c T,. 
I I I 

A,y 811 Y, : o o o l o o o ~I/ Hy Iv o Gy Py Qy My Ny Oy Ii} 511 Ty 
- - - ---- - "-- - -- -- - -f-- - -- - - -,-- -- ----- ------ -- - -------- - --- ------- --

0 o o : Ax B.r ~ : o o o u,_ Hi o ~ o f; /(., Mt Nr O, Ri Sr. Ti 
0 0 0 : ~.. R .. r ~ ~II T r'. r-, jJ :"Y uy 1.y, o o o ovy HI/ Jy 0 lly ry <(~ ml/ Ny 0'1 Ry Sy Ty 
----------·.- - - - - ---t---- -· - --1- -- --- - --- - - - - ---- - - - - - - - ---- -- --- - -

0 0 0 : 0 0 0 : Ax 4 ~ : Ur Hi 0 G, 0 P, <2: Mz Nr 0, Rx s, Ti 
1 I I 

o o o !o o o !4 By Cy: Uy Hy ly o Qy Py Qy M11 Nv 0y Ry Sy TY 

(63) 

where the subscripts l, 2, and 3 indicate observation equations resulting from pre, post, and 
event images, respectively. 

As in the case of a single set of o(. w<Jl, the solution is iterated for successive correct ions 
to the initial approximations of the (o(.w~) , (oec..1oie) and(""' w.c.. ) . 

. pre post• event to arnve 
at frnal values of each and for one set of associated interior parameters: e z 
Cy, Llz, dy, /(',, l(r, /(,, ~, /1's, and q>r. 

, P, flp, c"', 

G. Formation, Reduction, and Solution of the Nonnal Equat ions 

As pointed out be Schmid (1959) and by s 
chmid and Schmid (1965), the resulting 1· equ at ions 

from eq (53) and eq (63), formed for all th e stars in the problem, take the form 

(I) 0 o. 0 I f2J, (8), I 

0 (1), O· 0 
I 
I (2)

2 (8)2 

0 0 (I).,· 0 
I 
I (2), (8)., 
I /J,,U = I ( 64) 
I 

O 0 O • • . (1) . I (2). (8)· --;:--r---..----1+-L 'I 
(2), (2), (2)

1 
• • • (2)~ f N ---,, I 
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where the (J)i are the results of evalua ti ng eq (53) for n observations of a given star in the 

fonn 

(65) 

The I},, are the (2x2) nonnalized weight matrices assigned to thenth observational pair given 

by 

~ = [ ~ ~.Y i = m/ [m_iJ(.
2 

m1-'11]_, 
Pa fl. m mh

2 

z,cy -y 'Lr. .Y zy 
n n 

where 

is the covariance matrix for the observations and 1110
2 is the assumed unit variance for the 

probl em. Likewise, ~6 . is the normalized weight matrix assigned to the given star coordi­
t 

nates ( "'• o ~·. Thus, 

The matrices (2); are the surmiations of the matrix products of eq (53) and (63) evaluated 

for then individual observations of a star (where n can be d ifferent for each star): 

The ma t rices (B)i a re 

(BJ;; = ([Bx, ~ 4'1,] + [Bx~ ~ ~.1z] + [ Bz, ~ 4J_,] ~ · · · [BJ',, ~ 4.1,, ]). 

' where /Jin is the discrepancy vector associated with then th observation given by 

Finally, N is the surmiation, over all n observations of all i stars in the problem, of 

N=N,+~~···~·+ I/ .. [~flfl!. Bo]+ [t'B ~~B .]+ ... [ ~nB rP., . 8,, .] +I? 
' A.Y:f :.l ..I'"' ".,/. ,(,•I ~ ~ ~ .L•I 0.L ~ A, 

I Z i 

(66) 

(67} 

(68) 

where f'o is the normalized weight matrix associated with the given orientation parameters. 
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Likewise, .l is the summation, over all n observations of all i stars, of 

(69) 

where 

where 0° are the given orientation parameters associated with the weight /? and o: , the 
updated orientat ion parameters used in the current iteration. For the first iterati on, 
tJL0 = 0. 

Since the individual (I)~ of eq (64) are independent, the partitioning and associated 
stepwise reduction, as suggested in Schmid (1959), provides the most economical approach to 
the problem from a standpoint of computer storage and manipulation. That is, the individual 
observations are sequentially processed through the surrmations indicated by eq (65) through 
(69) for all data associated with one star oc., ef • The star is then eliminated from the so­
lution using the algorithm 

"' - fz( r1{
1

(2J, = ~ - (2),7 (1[1(8~ (70) 

where N, and.!, are the sums [eq (68) and (69)] for star one only. Applying the same al­
gorithm for star two produces 

After all stars are processed, the weight matri x ~ is added to the left side of eq (71) ; 
and f?~i0 is added to the right side . The reduced normal equation system is then of the 
form 

N J-" redc1ced = .Jredc1ced 

{U•l2) (Z2xt) {t211.1) 

that has a solution for the corrections LlJ.l : 

-I D 
.1-" .:: Nred11ced ~reduced • 

3. THE COMPUTER PROGRAM 

Several diagrams included as figures near the end of this report" describe in graphic forn 
a computer program designed to solve for the orientation of a single camera. 
flow diagram of only the major steps, shows the general logic of the program. 

Figure 17, a 
The diagrams 

in figure 18 list all the mathematical expressions used and their sequences of applicat ion . 
A flCM diagram of FORTRAN statements is included as figure 19, followed by a listing of the 

• 

.. 

, 
1 
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program in figure 20. The FORTRAN statements of figure 20 are supplemented by equivalent 
mathematical expressions. Figure 21 shows the organization of the problem input cards, and 
figure 22 describes the format and variable names of the input data. 

A. General Problem Flow 

The general flow of the problem (outlined in fig. 17) is relatively straightforward; it 

can be broken into eight major steps: 

l. The input data, such as problem descriptors, constants, options, approximations, ob­

servations, and weights are assembled and ordered; the various internal controls are set 
accordingly. The title page for output is printed; this includes a complete description of 
the problem being computed and the various options selected. 

2. After computing the direction cosine matrix associated with the current approximations 
for the rotations ot.w<Jt of pre, post, and event exposures, the measurements 1z and 4 (with 

sidereal time and weight matrix 'i for one observation) and the star coordinates tX.,6 and 
weight e., are read from storage. The plate measurements are corrected for nonperpendicu­
larity and distortion using expressions from figure 7 and eq (33) and (37). At this point, 
if the plate coordinates are the first observations for the star in question and the star is 
of type 8 (a star with unknown°' and 6 coo rdi nates), the program computes approx imations for 
tX. ,6 for use with the remaining observations of the star. To do this, one uses the ,4', J'; 
and approximations to the orientation parameters with eq (21) to compute rectangular coor­
dinates of the star direction. These coordinates are corrected for atmospheric refraction 
by using eq (15), (7) , and (16) and are used in eq (5) to compute approximate right ascen­
sion and declination. A correction for diurnal aberration is made with eq (17) , after which 

the coordinates are stored a.nd given zero weight to signify them as unknowns. All star co­
ordinates are then handled identically (i.e., they are treated as apparent places and ad­
justed for diurnal aberration and atmospheric refraction). They are then converted to rec­

tangular coordinates and applied to the observation eq (39), the results of whic h, when com-
pared to the adjusted pl ate coordinates, constitute the discrepancy vector JJL . 

3. Coefficients for the linearized observation equations are computed and surrmed for all 
observations of one star, after which the weight matrix for that star is a.dded and the star 
is eliminated from the normals. The results are added to the reduced normal equations. 
Steps 2 and 3 are repeated for all stars in the problem. 

4. The solution is checked to determine if all criteria are met; if so, iteration is 

stopped. If not, the normals are inverted ; and corrections to the orientation parameters 
are solved. The whole process, steps 2 through 4, is repeated. 

5. After stopping the iterations, final values for the parameters are used to compute and 
print residuals for each observation. 
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6. Differences in direction between all combinations of pre, post, and event are com­
puted across the diagonal of the plate. Based on the magnitudes of these angular differ­
ences and their mean errors, a decision is made for combining the various sets . 

7. Results of the computation are printed and treated according to the opti ons set in the 
beginning. 

8. If the decision of step 6 was to combine orientations, the invert ed nonnals are modi­

fied accordingly, new corrections to the orientation parameters are comput ed, and steps 5 
and 7 are repeated. 

B. Program Options 

Moving to figure 18 (page l of 11), we have a list of 14 problem options. These options 
serve the purpose of modifying the general problem to require certain special computations . 
The following is a discussion of these options in terms of their meaning, use, and the modi­
fications they impart to the internal structure of the program. 

Option l asks if corrmon scales should be computed in the problem. If the indi cator is set 

to 0, the problem will proceed as outlined in the previous subsection and compute a differen­
tial scale for the x and !I plate axes. If, however, the indicator is l, the mat ri x (35) 
becomes a unit matrix c9 /c = Cx/c = l; and only one principal distance is computed. Th is 
is accomplished in the program by carrying a corrmon scale in the observation eq (39) and by 
placing the coefficient Gy directly under ~~in the coefficient matrix (48b ). This leaves 
zeros in column 14 of (48b) that result in a zero element at location (14,14) of the re­
duced normals. Before inversion, all zeros on the diagonal of the normals are repl aced by 
a large nuntier (102 0) that has the effect of eliminating that particular unknown from the 

solution. As a result, no correction is computed for Si . 
Option 2 is a control that allows a directional constraint to be applied t o the camera 

orientation. If the indicator is set to l, the program will read in as inpu t a given azi­
muth and elevation of the central ray, the plate coordinates of the intersect ion of this 
ray with the camera focal plane, and the associated weight matrix. The given azimuth and 
elevation are first converted to rectangular coordinates using (from fig. 2) 

and 
{,~ = - cot E cos A , 

rz,E = - cot£ sinA • 
(72) 

The direction is then treated the same as that of a given star with the exception that the 
refraction and distortion corrections are bypassed. Also, since the observation is con­
sidered to be independent of the camera lens distortion, coefficients in the observation 
equation are computed for the central perspective parameters only (oi::,w,~,c,z,.,,~,cx,and cj'). 
The variance of the observation is introduced by computing an equivalent weight matri x for 
the coordinates of the camera fiducial marker intersections .lJC1 and .Ly1 • 

Options 3 and 4 are introduced to simplify input requirements. In the event that the input 
star or plate coordinates are all of equal weight, an indicator of 1 will cycl e the program 
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to read the weight once and apply it to all observations thereafter. 
In the discussion concerning atmospheric refraction, it was pointed out that the correc­

tion is computed from a tangent series using four coefficients r_. determined from a "fit" to 
Garfinkel data. Option 5 allOlls the program to deviate from these given z-... in special cases 
and compute corrections to the refraction model as an after treatment to the initial orienta­

tion. That is, if option 5 is 1, the solution will use the given refraction model to iterate 
to an acceptable level of residuals to arrive at an orientation of the camera. The program 
will then recycle through the entire computation for one more interation, this time carrying 
four additional unknowns to solve for corrections to the given r 4 . This is accomplished by 
introducing the final values of orientation as approximations and proceeding through the 
solution as usual with the exception that the matrix (63) is expanded to include the eight 
tenns for t1Z-.i. (In reality, the reduced normals N are always of dimension 26 x 26 for 
programming simplicity; corrections are made to the ~ only when coefficients are computed 
and the computer finds values other than zero on the diagonals.) The added coefficients are 

where 

JF, - - .J/,J ~ - ~ - fi. tan - , 
o'z 2 

JF, = l:z. = r.. tan 5~ 
ai~ .c 2 , 

c9{ - I/ ' ,(J 
- - Yy- = r,, tOn-ar, J z ' 

JF, = Xy :: ry tan s;§
2
- , 

oZJ 

aF, -- ~ ' 7 A a1:l - I/ I 'A Jr 'z = 'Z ta/J l , ahd - - ry = 1' tan 'f 
'"" ol'4 

and Z~ and Z'2 are computational auxiliaries given by 

and 

The corrected refraction model is then expression (7) evaluated with the new r~ where 

i=l,.-1, 

(73) 

(74) 

(75) 

Since the corrections to the coefficients i:; by themselves are not readil y interpreted, the 
program was extended, in the case of refraction computation, to compute and print values for 
refraction at 1° intervals over a range of 20° , centered at the camera zenith distance using 
both the given and computed refraction models. 
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In addition, the mean error for the corrected refraction model is computed for each ray 
using 

{76) 

where mis the mean error of unit weight for the problem and fr is a vector of partial de­
rivatives of eq (7) with respect to the t,; . Thus, 

I 1/.1 [ /.J 
= T W tan­r z tun

1f] . ( 77) 

The Qr is the 4 x 4 matrix for the coefficients ~ from the inverted reduced normal equa- -
tions: 

Q.r.~ 9z:, r,. ' ., . 

9r,r. ~r1r, ft~ r, 
r;T = 

\J' l 

{78) ..y? 
? 

Qt',T1 flr,r, ~..::. . 
-C' 

Q ...... 

fir. r, 

Options 6 and 7 are related in that they both were introduced for data preparation pur­
poses (i.e., one for finding close approximations to the orientation paramet ers and the 

other for blunder detection). Option 6 (compute minirrum solution) will cause the program to 

select a set number of stars from the total input data (usually a unique solution) to solve 

foroc,w)~)E,c.i:,c..r,zPI and j/p· (For this type of solution, all stars will be treated as event 
type; and only one orientation will be computed.) If option 7 is not elected, the program 
will proceed to a maximum solution using all the star data together with the approximations 
from option 6. The minimum solution in this case has been used to arrive at close approxi­
mations to the unknowns from a minimum amount of data to conserve computer time . (The ap­
proximations to «.wJt pre and post are set equal to event.) On the other hand, i f option 7 
(pre-run) is elected with option 6, the computer will process all the remaining star data 
through the residual cycle using the orientation from the minimum solution to detect large 
blunders in the measured data. 

Option 8 was added to the program for two reasons. First, the computed parameters that de­
fine lens distortion are (in the case of refraction)_ coefficients of an expansion which by 
themselves are difficult to interpret. To P.rovide a clearer interpretation of distortion, .. 
then, an election of option 8 along with input parameters dlf, O:S, and d,,,

011 
will cause the pro­

gram to print out an evaluation of expression (25) for radial 'distances ranging from d = O 
to d "'dmolf with increments dd • Since radial distortion is symmetrical about the point z5 , 

y_,, this data provides a representation of the computed radial distortion over the full 
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format of the film plane. Decentering lens distortion, on the other hand, is not syr11T1etri­
cal about the point xs, ':Is ; but it has the characteristic of a common distortion profile 
Pc • Consequently, the program was designed to print an evaluation of lg from ex­

pression (31) for the same limits and intervals as radial distortion to present the curve of 
maximum tangential distortion along the radial line ~r = 0°. The second reason for option 8 
has no application in satellite triangulation but is incorporated for presenting radial dis­
tortion in a form more familiar to the photograr11T1etrist than the foregoing. That is, bor­
rowing tenninology from Pestrecov (1959), we can consider the curve data from the computed 
parameters as the camera's characteristic distortion and the curve data nonnally provided to 
the photograr11T1etrist as calibrated distortion. The difference between the two curves is a 
mathematical transformation of the characteristic distortion to provide a distortion pattern 

over the entire image format that will minimize relative positional errors of the individual 
images. This transformation takes the form of a linear scale change. 

/JR 

/ 
... ······?·~ 

... ../ ... "'\Axis of 
./. Cq//bra/iM c 

: ... / I c· 
/./·· 

1/lR 
............. · I 

d* 

Figure 13.--Calibrated distortion 

From figure 13, it is obvious. that a different distortion curve can be presented mathemat­
ically for any. chosen axis of calibration. For example, if one chooses to "balance" the 
distortion curve, an oblique axis of calibration can be established that equalizes the areas 
above and below this axis for some limitinq anqle of view . This defines the radial distance 
d: where the oblique axis intercepts the computea distortion curve. Introducing a linear 
term X.,d"'into expression (25) results in the expression for calibrated distortion: 

where the distance argument is given by 
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From an evaluati on of the characteristic distortion curve, the quantity !JR is at distance 

d* and d" an input parameter for option 8. In the case of figure 13 , it defines the radial 

distance on the plate having zero calibrated di s tortion and establ is hes the coefficient 1<
0 

as 

(79) 

Similarly, the principal distance associated with the calibrated-distortion curve (c*) is, 

from fi gu re 13 , 
tJ R LJc 

d* c 
I( 

where 

Lie= c"-c 
I 

tJR=-K.d* 
0 J( I 

and (80) 

c"=c(t-K,,) 

where c is the principal distance computed in the probl em. In probl ems where separate sca­

lers Cz and c:,, are computed, their mean is used in expressions (80); an d c* is evaluated as 

C 11 = Cx + c~ 11 _ K ) 
2 ( j 0 • 

Also, to aid in the interpretation of the statistical significance of the printed curves, we 

compute the mean errors associated with each of the curves from 

m = m'l.. n lr)1/2 
4R ( .J R "l'RR ' 

(81) 

and 

where mlJR• mlJ!?r, and m
47 

are the mean errors of radial distortion, calibrated distortion, 

and decentering distortion, respectively. The vectors I are obtained by taking the partial 

derivatives with respect to the coefficients !(_;_ of the functions that describe the distor­

tion; that is, 

~ = [d' ds d'], 

"1T: [ d(d
1
- (/It~) d(<f4_ dlt4) d(d'- <flt')] 

1 
and (82) 
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Finally, the Q s are the matrices for the coefficients I( from the inversion of the re­

duced normal equations 

Q, 
k,I(, 9. k,K1 ~Kl 

Q = 
R 

9K.K1 qK1k1 QK1K, 

QK,~ 9 .... ,-IJ r;K34'1 

(83) 

In addition, the mean error of the principal distance associa ted with the transformed radial 

distortion curve (c") is 

(84) 

where I is the vector of partial derivatives with respect to the K;, and computed principal 

distance (CA: ) of expressions (80) given by 

I :: [ 1-x;, 

when separate scalers C.e and cy are compu t ed, 

The matrix n is 
'fc• 

I = [ ';"'° 

~C..C.r 

'7c .. = 

9c,.c1 QC.ck', 

9c.,c;. 9c;.k', 

U' ((~I(, 
..s;.."'!> 

"'!> 
"'c"'.'. ...... 

-C't:> .-

9ec., 

((~kl 

qK.K1 

QK1 K1 

QC.CK.1 

- c. d. '] • 'Z It I 

_Ci~ t;. <i.'] 
2 I( • 

9ct-K1 

QK,K1 

<r>K, 1(1 

q.4Jk'.1 

(85) 

(86) 

(87) 
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Option 9 is a control that permits the transformation of the final angular orientation of 
the camera. Because of the refraction correct ion, it is most convenient to compute the cam­
era orientat ion angles (cx,w,a'..) relative to a Cartesian coordinate system oriented at the 
camera station, with the Z axis alined along the station zenith. This system is shown in 
figure l. A t ri angulation of a set of multistat ion directions, however, requires that the 
individual camera directions be given relative to a co0J11on origin (Hanson 1972). To accom­
plish this, we introduced option 9 into the program. When the option is yes, accompanied by 
reference stat ion coordinates ~0 , :l., and H,,, the program will operate on the final ot.WJt in 
the foll owing manner. First, the system is 

transfonned (fig 14) from the camera s tation 
system to the pole by rotating through the 

angle (90°-~·) about the 'l axis, z toward~ . 
Thus, 

[
s,0n~"'· 

r; = 

cos st'..i 

0 

I 

0 

{88) 

where 9'.iis the camera station latitude. This 
system is then rotated 180°-A.i about the new 
Z axis, {toward 1, to bring the direction 
of the rotated ~ axis coincident with the 
prime meridi an with the positive direction 
toward the Equator. Thus, 

Figure 14.--Camera station transformation 

[

-cos,,/ · sin,l · 0] 
'i = -s1n-i: -cosi; o 

0 0 I 

where A..iis the camera station longitude . Combin ing r, and r; gives 

[

- cosA.i sin;i;. .sinA,;. 

R~. ,11 = .z r; = - sin A,.i sintpi - cosA,e 

cos rpi 0 

COS ~i. COS~· ] 
sin",;. cos,_. • 

.sin,4 

{89) 

(90) 

These two steps are then reversed (this time using the input reference stati on coordinates) 
to transform the system to the reference station. These rotations are 

(91) 

0 
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and 

0 

(92) 

0 

where A.
0 
and~ are the input reference station coordinates. Rotati ons t;. and '6" combined are 

. r -cos,/0 sin1l, - sinA.0 sin!J,, 

R$1,).
0 
= ~ 15- = s1nA.0 - cos)0 

cos~ COS'/?, SlnAo COSfPo 

(93) 

The product of these two rotation matrices would be all that is necessary to bring the indi­

vidual camera orientations to a conman system were it not for the period ic motion of the 
pole. This motion, monitored by the International Polar Motion Service and described in the 
form of coordinates of the pole of rotation (instantaneous pole) relative to a mean pole pos­

ition, is shown graphically in figure 15. For 

compensating for this apparent motion, the sys­

tem above (ro tated through rz t; ) must undergo a 
correction x •!I before applying the trans format·· 
ion t; 1$. From figure 15,we first rotate our 
system about q for an angle a in the direction 

{ toward 2, resulting in the matrix 

[ 

casa 

lj = 0 

-sma 

0 

0 

(94) 

Next, the rotation about~ for an amount !I ( 'l 
toward Z) is given by 

0 

COS!J 

-stny 

(95) Figure 15.--Pole lll)tion 

The product of these two matrices, considering that z and !I are smal l angles and therefore 
_i..,a, cos.z,,,cosy""1, sin!J "'!/, and sin.zzz results in the total correction for polar motion as 

R~!1=14~=r~ ~ :]. 
-..t -y I 

(96) 
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To compute the transformed camera orientation angles, we corrb ine transformations 1 through 
6 and apply them to .the matrix of direction cosines described in eq (19): 

(97) 

From the transformed direction cosines, we have (by defin ition) the transformed orientation 
angles given by 

• E* SJn4J = , 

sin di!* 
-8. 

= ~ " COS"-1 1 

and 
F' (98) 

ii 
cos~ = /cos"'"'. 

The program was designed to allow for the incorporation of a weight matrix for all input 
approximations to the orientation parameters including the coefficients of the refraction 
model in the refraction computation. Option 10 controls the input of this matrix. In the 
event that the matrix is not full (some parameters are complete unknowns), option 10 is set 
at the number of input cards containing weights (five weight numbers per card plus indexes). 
The program then reads the cards and assigns the weight nunners to the matrix according to 
their associated indexes (row and coluf!TI numbers). On the other hand, for a full matrix, the 
opt ion indicator contains a nunner greater than 52; and the computer reads an ordered set of 
weight numbers (six per card) and assigns them to their proper l ocation sequentially. In 
either case, because of symmetry, it is only necessary to input the upper diagonal portion of 
the matrix. The computer program restores the lower portion. 

Option 11 control s pu nching of output data other than that normally required in the satel-

1 ite triangulation. Namely, when option 11 is elected, the residuals (~"' ~ ~.Y ) , the identify~ 
ing number for each plate point, and the input measured coordinates (..lz, i!I) will be punched, 
one observation per card. These data are normally used in plot routines for a visual s tudy 
of the residual patterns. 

Options 12 and 13 override the internal iteration contro l s and allow the user to enforce 
the maxi mum number of iteration cycles to be computed for either the minimum or the maximum 
solution or both. 

Option 14, useful for error studies of various camera and plate point configurations, is 
used to input any desired mean error of unit weight for the problem. With this control, flaw­
less fictitious data can be introduced for the orientation so lu tion; and the statistical 
significance of the computed parameters will be printed for any desired noise level. In ot her 
words, it acts as an arbitrary scaler for the covariance matrices of the solution. 
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C. Program Constants 

On figure 18 (page l of ll ), there are a series of problem constants. The problem iteration 
tolerance(~~,./) is, as the name implies, a control of the iteration cycles based on the rate 
of change of the level of the residuals (~i ). The value ( !i) is, more or less, a measure 

of the level of the discrepancy vector given by 

IP = (~ ( t1R./; 4.1/J)'/z ,, _" 

where n-u is the degrees of freedom for the problem. The absolute value of Li by itself is 
not too significant, but the change between successive values is an indication of the rate of 
convergence or divergence of the problem and of the significance of computing an additional 
iteration. Therefore, iterations of the solution will be stopped when the absolute change be­
tween successive values of Ii are less than the input constant /Jif (i.e., when 

where the subscript a indicates the last solution through solving of the normal equations). 
As shown on figure 18 (page 7 of 11), this iteration check and the set numbers from options 
12 and 13 will be overruled by four divergent steps, given by 

~Pa L ~Iran) . 

These four divergent steps need not be successive to stop the iterations. 
The refraction iteration tolerance (ijf) and the distortion iteration tolerance ( LJd) are 

input constants used to control the successive approximation loops in the correction for re­
fraction and distortion, respectively. These iterative schemes are described previously in 
this report. The successive approximation for refraction is stopped when the difference be­
tween successive values of refraction computed for a given ray is less than the tolerance (Llf}, 
where 

The distortion cycle is stopped , on the other hand, when the changes in both radial distortion 
and decentering distortion are less than the input constant (Ad ) • That is, when for radial 
distortion 

tJd ~ l (IJR),, - (tjR),,_, I 
and for,decentering distortion 
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Here, jjR and .1T are expressions (25) and {32) evaluated at the distance of the point in 
question. 

The time correction (.1ST) is a factor in units of sidereal time that adds directly to the 
input time coordinates for all observations. This option was included in the program for 
operational convenience. 

Finally, we have the constant k , a factor used to control the contiining of pre, post, and 
event orientations {or corrbinations thereof} into a single value. That is, k is an input 
parameter (selected by the use r} that multiplies the mean error of the computed direction 
difference to establish a value from which a test of the significance of the computed angu­
lar separation of the camera central rays can be judged . Specifically, this test for camera 
movement is accomplished in the following manner. 

After the program has iterated to a satisfactory "level of residuals" and completed the 
"v-cycle" {step 5 of the general problem 
flow}, direction differences for all 
corrbinations of pre, post, and event 
orientations are computed for selected 
points along the diagonal of the plate 
(step 6). This is done by successively 
introducing plate coordinate values of 
0,0 1,1 ... 8,8 cm into the solution and 
treating them as plate measurements of 
type 8 stars. This results in a correc­
tion of the coordinates for lens distor­
tion and nonperpendicularity. The cor­
rected coordinates are then applied to 
eq (21} together with the final values of 
orientation (successively for pre, post, 
and event) to compute rectangular coordi­
nates in object space. The resulting co­
ordinates together with the station lati-

Figure 16--Camera movement 

tude are then applied to eq (5) to convert the directions into coordinates of right ascen­
sion and declination. 

Fiqure 16 depicts two directions given byoe.,,O,and "',.~on a unit sphere. We use the fig­
ure and the law of cos ines of spherical trigonometry . Thus, the angle between directions 1 
and 2 is given by 

cos <r = .sin 6., sin 62 .; C0.1 d, cos o, c11s (oc, - oe. 1 ) 1-l 
(99} 

or since the angle is nonnally small, an expression in terms of the sine of the angle is de­
sirable. Fonning the square of the vector cross product between the unit vectors 1 and 2 
results in 

sin 2o;_, = {c11.s4, sin{ae,-oc,)} 2 ~ {.sini,C0.161 - cos&,sino, cos(«,-oe.,)}
1
. (100) 

• 
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Express ion ( 100) is evaluated for every coni>i nation of direct ions for which star data exist 
in the problem. For convenience in notati on, the three poss i ble combinations are identified 
on figure 18 (page 9 of 11) as 

[ 

cos o;_, ] 
cos~ ,_, 
cos er,_, [

Post- Pr e ] 

= £vent - Po.st . 

£vent - Pre 

The statistical significance and magnitude of each direction difference provide a basis 
for the decision to recompute the problem carrying two or all of the orientations as co01T1on. 
The inverse of the nonnal equation system N "' is used to propagate the "errors" of the un­
knowns in t he probleM into the di recti on differences by 

(101) 

where I is the row vect or of parti al deri va tives of express ion (100) with respect to right 
ascensi on and decl ination. That is, 

[ 

f,_, l [ X X X X 0 OJ 
I = l,.z = o o x x x x 

JJ-1 x x 0 0 x x 

where 

cosl· cosif.. sin /ot · -ot.·) 'I :.. I' I " 
I - cos~· .sin tf;. # .sin~· cos~ cos("'i - "';) 

-~C;S~·-COS~-sln(~~.-:~~T-------------- ( 102) • 

- .sin~ eosd;. # c"s °'. s inl; cos(«.i - -'-') 

The matri x q is the nat'rh of weight coeffi cients for the direction coordinates (...:.,6) from 
the solution given bp 

(103) 

where 



44 

[
s; ~ Bo] p,.., 

(.2)111 = Br a .t ~ Bo Pt>st 

B; ~ 8,, Ev11nt , 

and 

The logic for combining orientations follows the computation of directions for the central 
ray (~=JY=- 0) and is based on the three inequalities 

a;_, L. kmr 
l -t 

- Com6ine Pr~ t Post, 

a;_z L kmrr:. - Com/Jine EYe.nt t Post , 
and .J-Z 

~-I L km~_, Com'1ine EYent t Pre . 

The new solution, based on conmon orientations, can be obtained simply by using the method 
of modification. This eliminates the need to recompute the entire problem. That is, cor­
rections to the solution vector are COIJl>uted from 

and (104) 

where N and 1 are the inverse of the reduced normal equation and constant column, respec­
tively, from the last iteration of the solution. The vector l*is a column of differences 
of estimated orientation angles from the solution in the form 

The matrix C contains the condition equations that express the quantities to be combined 
and so varies with each new problem. As an example, a C matrix that will cause all three 
orientations to combine into one set of orientation angles is written as 

I 0 0 0 0 0 -/ 0 o• I 

0 I 0 0 0 0 0 -I o: 
0 0 I 0 0 0 0 • • (Columns /0 .. 26 c = 0 -11 0 0 0 0 I 0 0 -I 0 o: contJin ze,..D.s .) 
0 0 0 0 I 0 0 -I ol 
0 

I 

0 0 0 0 I 0 0 -t! 
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The associated inverse to the reduced normal equation matrix is computed from 

(105) 

0. Program Input 

Figure 21 (page l of 5) shows the input cards as they are assembled to follow the program 
deck. As indicated, the input data for each problem are made up of a series of probl em 
control cards followed by the coordinate data. A more detailed description of the individ­
ual input cards is shown on pages 2 through 5 of figure 21 . Here, the data contained on 
each card is identified as to field location and format followed by the variable name used 
in the program. In most cases, the data shown are self-explanatory; no further discussion 
is necessary. The following is a discussion of those parts of the input that are not obvi­
ous. 

All descriptive data such as problem numbers, dates, and titles are introduced with an 
alphabet i c field. The information is then printed out as an array (in the case of the 
title~ and centering of the block of data must be done on the input card. 

The "last problem indicator" on card 1 is a signal that tenninates computations on batch 
runs. When more than one problem is being run, cc 80 should be zero for all but the last. 
A 1 punch will signal the program to teqninate after the current probl em . 

A nonzero in cc 77 of card 3 will alert the program to eliminate certain stars or observa­
tions of stars from the input list of coordi nate data. Those stars or observations to be 
deleted from the computation are identified by number on cards i111T1ediately following the 
input coordinates (see page 5 of figure 21). All deleted data will be printed on the output 
1 is t. 

The entry on card 6 at cc 26 is the sidereal time (in radians) used to compute directions 
for fictitious diagonal points. A conmon time is used for all orientations and can be any 
number from 0 to 2rr. For consistency, however, conman practice is to use the average be­
tween the earliest and latest exposure times in the observation period. 

The entry titled "trail identification" in cc 72 of card 7 is a set of three three-digit 
numbers used to identify the orientation associated with each plate measurement . The pro­
gram compares the leading digits of the plate point identification number with those given 
as "trail identification" for identification as to pre, post, or event and processes the 
measurement accordingly. 

Cards 9 and 10 are included in the deck if, and only if, option 9 (transform "",<.J,ae) is 
other than zero. If one wishes to correct for pole motion only, card 9 should be identical 
to 8 (i.e., the reference station is the same as th~ camera station). Likewise, if one 
wis~es to transform the orientation with no pole motion correction, card g will contain the 
reference station data; and card 10 will be .• blank. Equation (96) will become a unit matrix 
and effect no change to the pole position. 

Similar to the transformation of ~.<.J,~, cards 11 and 12 are included in the deck only if 

option 2 is elected. Should no azimuth and elevation data be available, option 2 is zero; 
and cards 11 and 12 are omitted. The same applies to cards 20 and 21 (conmon weights for 
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stars and plate measurements). These cards are included 2.!!lt. if options 3 and 4 so indicate. 
Finally, the coordinate data cards are appended with the group of plate measurements to be 

deleted (if so indi cated on card 3) and with the numbers of those stars selected for the 
minimum solution (again indicated on option card as IND 6). The remaining problem decks 
follow in sequence to the last problem with a 1 indi cator in cc 80, card 1. 

E. Program Output 

Sampl e pages from a test probl em se lected at random are included as figure 22. The sam­
ples do not, by far, provide an example of each and every variation of output that can be 
genera ted from the program . They do, hCMever, present a general vi ew of the form of the 
output to be expected and show that all items are labeled adequately to aid the user in 
their interpretation. The sample is a prob lem made up of fictitious data designed to test 
the convergence of a total orientation using stars of pre, post, and event origin. Since 
the data are exact, a fi ct itious mean error of unit weight is introduced for computation of 
the problem statistics. Also note that the problem was designed to have exceedingly large 
separations between the directions of pre, post, and event, for purely academic reasons. 

Pages 1 through 3 of figure 22 describe the problem being compu ted as dictated by t he 
problem control cards of figure 21. These data are appended with a count of the observa­
tional data (star and plate coord i nates) and a printout of the level of discrepancies after 
each iteration to show the trend of convergence. Also printed on page l of figure 22 is 
the criteria within the problem that determined the halt of iteration . Page 2 of figure 22 
is a selected coordinate printout l ist to illustrate one fonn of observational data after 
solution of the problem (type 2 stars with corrrnon weights). This is followed by page 3 of 
figure 22 that sh<»i1s the typical form for presenting the direct ional differences (also 
typical of a star having unknown coordinates ) . Finally, the remaining pages, which are self'­
explanatory, show the nonnal fonn in which the computed orientation data and associated sta­
tistics are presented . 
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SINGLE CAMERA- STELLAR 

Problem Flow Diagram "" 20 Sept. 196 7 

Reeut pro,blem dolo : 

PROBLEM DESCRI PTORS : 

Problem nvmi1'r, Oole of compvlotion, Last problem indicator, Problem name. 
PROBLEM OPTIONS: 

I. c% ;; c!I ? o: No, I=- Yes. 

2. Camera ozim1.1lh(elevatio11given? OrNoJ /=Yes. 
J Common 1Veight matr1ces for oil stars wJth K11ovn ~ o? O: No, /: Yes. 

4 . Common weight matrices for al/ plate points? O"No, /=Yes . 
5 . Compute correct ions lo g i ven refraction coe/ficlents J' O ,/t/o, / "'Yes. 

6 . Comp1.1l11 minimum solution? O:No, #=Yes- use hr.st #st ors in solu/ion. 

7. Compute pre-run? O= NoJ I= Yes 
8 . Compute t pr1nt distortion curYes? 0 =No, I =-Yes- both n¥diol I decenlered le,,s. 

9. Transform /inill oG,c.J, ae? O=No, I= Yes- to reference s/iJf/on mean coordindtes~ 
10. Orientation we1gnt miltri%. given? O=No, #=Yes-read •cards, (#~SZ=zzxz2~<11t4). 
II. Punch output datrl .~ OrNo, /:Yes. 

12. Numbt!r of 1lerations ~ Maumum solulton .? #} u.sed to control maximum 
13. Number of ilerations - Mi"nimum solution? # numc~r of iterations . . 

/ J used for .st..t1st1C8 
14. Input mean error of unit weight? O:No, tf r meon error studies. 

PROBLEM CONSTANTS: 

PrOblern itt!ration tolerance (tJ'l//.); Refraction iteralton toleranc'1 (tJ> ); Station Temp. (T}; 

Station Press11re {P); Distortion curve crossover distance (d,.); Oislor/1(:m curve 

mlr!rval (d.J; Oi.stortt011 curve ma.cimum ctislancr (d-); "Time correctiM (ils1); Distortion 

iteration toleranu (do); £,,,ent n11mbc; Oa.fe o~ obs.; Pla11, camera., tn:cKlng unif and 

comparator numbers; Name of comparator Opt!rator; Camera station numl:>e'; name, 
latitude, l<V191lude f elev.; Fae/or for c0mbined solulion(.t.) . 

It option 9 is _yes: 

Read- Reference Stat ion name, 

number, Lot1/11d~ Longitude te111v. 

l?eod ~ Instantaneous Pote 
coorct1na/11sJ IC t !I· 

I I opt iM Z is yes: 
Read.-Azimulh, elevation data; 

~ ' [::] [;] ~'[~--t~'''] 

Write appropr1at1 o~tpul 

headings and set pro9rom 
controls os d i ctated JJy 
PROBLcM OPrtONS an<i 

PROBLEM CONSTANTS. 

to page2 ro 
read o• 

Nole: BroKen lines on diagonals indicate Sflmmetric matrices. 

Figure 18.--Flow diagram of the mathematical expressions (page 1 of ll) 
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program. 

1?6a<t: 

~ : [!:] 
Sidereal (imt of oD.s. (s.r.J,;. 
Add timt correction to each obs. 
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Store all plate and star coordinates on disk or tape alon9 with w"gllt.s 

~ and 1111 ; Sidereal times of ob.urvati()ns 5.T.i., and number of 

()bservations associated with eael1 ""i dj. If min/,.,,um Jo/uJ'i()n, .S()rf 

01/t points lo be vsed t p1ace at b,91nnt/19 of I/st. 

lo page .J. 
- 2 

Figure 18.--Continued (page 2 of 11) 



50 
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page~ Cy, 4%, .tJy, K,, l<z, l<s ,~ , Ks, 1',. 

a = - (:()S(,J si11 ;ie C1Jelfl ci, nt 
i.=l,4 

c. . sin-. C6Slt • COS«. S llllJ sin;ie cor rect/ons 
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Figure 18.--Continued (page 3 of 11} 
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H', .S.T.,;. -ae.' 

Cbmpuk uni fll distanc~ : 

cos z :SiMSilltJ+CtJslmH'co.stJ 
• I .tit #i"IL smz = (1-CllS "', "1nz• /t:11 z 

• 
Add r1l'r11cti'1n ~o ..:' 16 ': 

.tinp-.sinl'C6S z 
Cbmpul, ref"raction at z : r" 

tt111,I" i"r tblzr 
Ct1Sf = cul'.sli'IZ 

• oN'1 N ' C't1S fP 
.tin f • Sin z 

1in I,. = sinl'Ct1s;., uod'sinr ... ct1s 'I 
Ct1SO,. = (1 - :sin11,.)l'I 

. sinq .sin~ 

~; =1'fiw(i; t.nf +~l111lf # ~tan'f # r.tan~) 

z,.=z- ,4 C!McK (okra1JC•: H ,.._ 
------------1 fa· r •. , ~ to/.) .s111AH= cos Ir · L Hr =H'-AH 

c--t.,..,. ,, to{; !Jr : 
CIJS~sini,-.sin ~cos&, cos Hr (io to P"JI' ~ 

~-------~fr= COS Zr 1-------~~--- 6 to C"l1mpufe U we tar 
- co3 0, sin H,. 

'/r" COS Zr 

Figure 18.--Continued (page 4 of 11) 
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Jl'Om 6 
poge1 

t.J.c,;, = ./.(; -x.c: = -~ 
.:i.1g.: = .ly.,; - !/.i. = -~ 

., Note : Use direction co.sines I Jt a..ssoclattd 

.In Alf resirtu11/ C!fCM, 90 fo add 1'47~ 

to ~" .. " 

Jn v-C$fclt, re/urn to .sum 
1--~~~~~~~~~~~~~~..i/6 

q,nd print v:S. 

En prt-run eye/I, go to r.1rilt ·v:S, ~-, 4...:, 
1--~---~~~~~~~~~~~~--M/7 

anct 

* Comf"le auzJ/iaries: 

0 = (~ -x,.)/t;c 

~ = ~ ... - !Jp)/91 
= I D-A, 
: I £·8, 

41ifl1 oriental/On of' o/JserYatit:a7 (•Pn; ':<b.st: or •£vtnt') 

(«%) 

*ra,,.) 
(Bo.) 

(!Jo,) 

(~) 

A.t. = -<",., (0·® + 0J Ay = -~ (©·®- @) 
B!I = -~ k1+@')ro,,~-0·@.sm~] 
~ = c,y0 

B,a: = c,.[(1+0').si:Oa!'-0 ©cosM.] 

CA: =-c,. (j) 

Ux. = -4..: 
Hx. = J 

(Bo""') Ix. .,. o 

(!Jo") v.t: ~ 0 

(ftA',) 
~o'{i) 

(&~) 

(&"") 

(& ... ,) 

(Bofl.) 

Uy = 0 

Hy = o 

lg = J 

(Bo~) (jy = ® 

Figure 18.--Continued {page 5 of 11) 

lo page 6 +(!) 

In Azimul//­
E/1y11/ion 
cyde, go to 
.form 80 
matri% 
pa9e § 

8 
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CPMpule coeffidenls /or 
/Jo molriz (B"+ ~): 

(",) "'= /+Ii, ~ = 1 
(~) Jz .. f2x 

~"· .-OST ev .. NT 

,___ 8 [A.s.c.:A .. B .. ~ .. jA .. B,. ~~~H,.r,.G ... P.. Q..M,.N,,O,.R,.S ... T,..· 
o;.= Av 8 » C11!A 11 Bll Cll: A!l By c1,,:- H.11 J11 • Gy P11 Qy My W11 Oy Ry~ T11 • 

~P" Z j»Ws in r'lradion 
Cf/CM I in v-C!Jclt: after 
c1Jm,ovl1ng corrr:cliOM lo 
refraction coeff/cients. 

Place [Ac Bx Cx.] according '" if/hen option I• !/es J (Or. . 91) 
Ay /Jg c9 t1rientation of pl•ce ~ .. • 

obst:rvat/on Gy • 
~<!' • '7Pan • or • cvenl • 

Compute coe/lict#nts ftJr 8 0 mall'ix. (Bd~ .. o,1:4): 

(Boi;) ~ =("4.1f+Kz.·Z1 )tan{ '1=(./y.Zf+Ky·Z'l)la11f 

(4'1) ~ • (J,.-Z(+Kx·Z1)tan'{ ltj=(~·Zf tl<!l'Z>/ )tatl{ 

(Boi:,) ~"'(~·.Zt+J<"·Z7)t0:f ,°(y,(Jy·Zft~·Z7)l11111 
(B"r) ~·(J,.·Zf +K"·z,,)t.an7{ Yy=(J$·Zf 1K11 ·z11)t11n1 

!'Orm /Jo molrix. (Z Jt 26): 

41here: , / 
Zf :1o-T~W{ll(l1V1j + fflnJ) 

i'~T 4M(~(t~J + IOllJ) 

1tinr (f/ + 1:) ~ 

' 

J 

Form and accumub« N~mals: 
Ferm !J,, 

malriz (zxz): 

CM7pule CtMfFi i:1lnl6 /'or~ m11/rix.: 

~in6 ( COS9' .sin6) 
~=J,.·'leiijZ +Kz cos'z-f C()SZ 

&x;,T ft Dx.;. (z,,z)-- q~; fJ Dx 
8": !}.. Bo;. (~•N)--- -{ a;i: 8 0 = (1) 

a;_ ft Bx;. (11.iZ)--{ a: f} B,.•(.J)•f1l 
a ... : fl"'~ (1. , ) ~ a; IJ .if = r a; 
80: P,. Ba;. (t6xH)--{ B; ~ B. = N 

Jz... Kx., [ J-
8x.4 = .Jy.c Ky, 

cosH (sin~ sin H) 
Kz1 =J"· CiiiiZ +Xx COS' z 

_ ~no ('()$9 Sln6) 
J..li'o<-'4''7CO'Sz "/t'g ~z-f 'COSZ 

Ba: ft.U_.(H•I}--( &;fJ.iJ =l 
CtAS H (sm §) .s111 /.I ) 

Ky, =J.11·7i(ji"iZ +Jcg cosz z 

II' ll()t las/ otJ.serYation 
<J/" star/, retum to 
page 3 lo read p1at4 
c(J(}l"C/lnates fOI' tM.t.t 

tJbSer1A2/i(JI? .i . 

I Lost o'1senafi(Jll al star,;, go to add P.6 I invert 
- 9 

/() -

FtJrm Bo matri:e (2 x 26): 

Accunwlale in N1Jrma/s: 

D~~ 80 f26x~J--N -
D:fJ,41 (Nxl)--J 

..svt>-normaL pa9e z 
/ir.Jt llerati<Jn, go 

Campu.¥ ~..I: to .sq/ye Normals, 
t--......,...------=---~tJ 

l.2=(-S4L_')li page? 
n- IL ,-.,,..------ --... 26 

For uniflJ'I 
c11se1 $It n-u• I 

Subse9uent iterations, 
go lo ch,cK ftJr 

iltrai i<Jn $/oA fJtl&e z 

Figure 18.--Continued (page 6 of 11) 
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---~---------~ReFracu"on cgcle 
9 Add /!, to su/J- a-- ir tol1ronce 

11/()rmal f 1nv1rt: not met 

(1J = -[i&; fl '+f!.sf In v-cycl', go 
....__ ________ ___, lo compute 

4X4 , pa!le {! II" singular; 
qbort ,oro/Jl6111 11 ______ ___. 

Retlvce NI .I: 

(4) = (~)lt (I) 

m =(4Jx<2J-N 
(9) =(4)x(8)_, 

~- salvl1M, go to ,oicl< up 
Mt .-------------12 
1:;, 00.serya/tens /or tJezl .star 
star pa!/' .,r 

.ll!n. solvtion, go lo c/JecK n-u 
for vnifve Ca.1e. W/Mn met, 
!JO to tZd<1 Pa to N. B!fpass 
azimuth- elev. eqmpufatl'on. last star 

Ar· elev. nl)( giYen Az- elev. giYM 
~----------9"\IJ 

.Suh.sequent iterations 

26 

C'h1cK !"or Jleration .slop: 

Sl"p ilerations ii': 
I. Total of 4 divergent 

.steps. 
~ 2. rokrrlnce 11¥1; 

1~~.tl "~ . ..f.-l~ .. ~·) 
l4ftl ~ tolerance set 

(~U.i) 

where; _ (l(4lt +4"] )) Ii 
[J.- n•IL 

11= '10+ l"l,.tf ""' 

u= u0 + uic: 

Olj J. S11t '1Vl71Der o/' il11r. 
in max.. or min . 
.srJ/ulion. 

Print £1 in each ileration. 

slop J/era.t ing 

/Nrating 

1st. ilualion 

Add /l to N (z61126J 
C'ompute: 

4.lo = o"-o:. 
4Jhe~: 

0° = or19inally 
!Jiven orienlati011 
pa.r<lnNliers. 
o; .. orientation par. 
u.sed 1i'J cvrnrnt 
1~at/1J11. 

1--M_a_x-'-1111_· _v._m_s,_'O._vv._l._:10._'11_-_n_o~r._e_li_r._a_ct._i_'on.....:;, ____ 
14 retvrn to pa,ge ~ to start v-cgc11 

Minimum .solution - st()re 101,,,;n. return 
1-,.....---....,,...-..--,--,---_;.;.:;.;:..:..r....,......,..,.---~14 

to page .} o start maz. .S()/vtion 
<.Jifh """' o,o,orozimations to 0.0 

1-p,_.,.,..;.t:_-_~.:..vn_-_re:...l:...u.:...:r._-n__:t_"_,_P_a_,._e--=tl'--t.:...o __ -:1~ 14 
s/art v- CJtcle. 

#<Uimum .solution, <A1ifh relraction 
correct1°'1 

,4!()111 stor"1 Pr matrix. to f! matrix.. 
Add 4 to vnKnown covnt 14 . 
Add I to 01J.suyaf10n covnl ~ ./or 

each ;;_. wi/IJ .linilt1 t#~llt. 

1' Compute: '* • -cot£ CO$A 

'/.u" ·cot£ sinA 

~o to page :! to 

C()17Jptlftl L,;, .!/.i 

CompvM: 

/l4/0 (26•1) 
add to I- wclor 

fl 

.--.Ii-n~-,-N--t-s_o._1vit----;;;;:-' 

correctifJn.J to O! : 

Correct af'f'ro;cimations to 
orientation parameter.s: 

6 

Refra.cti<M 
cgcle, !l<J lo 
pa.9e .J to 
start 
v- cycle. 

Rt1lvrn f4 
page.; to 
start nt!IV 

!leration 

14 14 

iteration (jo to page ,J to .start rerractlon cgcle 
'---------"---~~~------~-----~14 

Figure 18.--Continued (page 7 of 11) 
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8 V- q;c/1: 7,V,oe d point CQrrect appro.r.. «-~ d : Compute covariance malri;(: One obs. 

r-- q; = (<i>][w] N-
1

((J>] ~' >] 
of star! 

Compute: '"' = <>(."+ v ... "ljtpe 2 point "" 6 ..... = 6 + Va I m; =m1 I 4Xlj= - {t)x(B) No. of 
obs. -"'I 

;..,. 

.1 K 4 = ~' = [ ~] '-----+ 
1171 = 

.~ (J!jr/J ~}.. 
"' 

" 2n- 2 

mean error cycle: Compute error ellipses: ~ 
com,oum mean error (for l>o/11 ori•,,t. ( Iota/) C~pul'e mean errorJ: 
of um"/ welgllt (m) 

Ian 29 = Z (~m(,,,J) /or problem oefore ~mot = mlex· last flmf,,,1 - ((m~1J star Continui".? v- c_ycle. fl.m'z ;: f;m•• + m/ (1) 

e=- 2 ( ((m~,,J) Orienlation on!JI; , 
15 - f77x! ~ (Qm•• )i'Z sin ze , (t.,1) 

( ~m~,, + ;m:1,1J + Q) /z mx6 = Q. ' ~ 
a = 

( mo r~~) 
nol last star ~go lo Tola/; 

a ) Y.1 
read slorei:J <tata ~· <t,z Q~ m x:. : ( Qm• r,, ,1 

b = ( mr1,1) + 

2 

mr,_,,- ) ~ m r _ (Qm•' ) Yi 
'){ ~ - (1,1) 

I In .sigmo cycle_ relvrn lo print do/a -1)Q9e 9 
: 21 

Print: --
Slor No.,"'•: 6~' mX:,. , mx•6 

e Compvlt1: 
a~ b~ 1°, mx.;_, mx;, a: c; 11' 

(vf FJ ~). 
(18) ... 

Odd ro 
Star 

t~;~Vi 
Print: Number, 

~ e,, V.:, Va Read stored data. : 

~ - .ii . Jl "" a R :i:.., :y-_..., .&',,;I ~~ J ~.i, J 

e r, ,if-D,,;,, .tff:o!lc, Hr, Jr, 

Prmt. Point No., Con/i11V1 compvling v-:S /or a.II -- tJri,ntatiM, Orientation (Pr,, !fut, Eitent),S.T. 
S. T. ,k ..fy; I! VI l.t, observations of stari 

~' "'" Pi ,, ~1t.,,, , ~4 Correct Hr C Or 
Hr •Hr - <loc, 

Last o./Jsert'41hn La.st star, AE:given, go to 
19 6,. •6,.•.dlii 

of .siar-i com,ovle AE residual - page .! 
Continue 

Compute: (./pr obs. n > 1) Print: (/or o/Js. n >1) last star, AE not v- cpcle, go 
-

J;, 4, ~i: , zQ_y, *· * given, go to to page! lw", _ Ev-t .. 
?.?,. ; -;;---, ~· n compvte m t to compute 

Return to to start s1,9ma 
' ti- , t~. 

~ = ~"' C'OS_,4 ~ ~ sin_,<9 page:! to c!lcle. ~ .. 
I 6 

V( = ij.: sin_,d I~ CtJS_,1 pick up ner.t 
If; 

wher11· 
-4/r.g/,J/J '/z 

star and 
sin,.4 = continue 

COS.-<'= .l.:,/(fx.' • f/) '// , v- cycle 

(~~ ~' v"',)~-i'{,~J!,,v.,_, 12 

Figure 18. - -Continued {page 8 of 11) 
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C::: Compute: Strut sigma cycle. 

~ v.TPo Vo 

~ v'p v = ~ ~TPi ~ + ~ '{:e, v.., + ~ v:i:~ Vo i-­

m = (f.VTPV)Y2 
n-u 

Pnnl : Diagonal dista/lct!, Onentation ol ,aOJnl 

(?re-Post-Event), o(,"7 6~~ Azimuth, £ /ev., 

mx~) mx:) a.~ b: e: mx; ~ ~i ,a.~ b', or. 

Compc1te { Print difl"erence m direction 

between Pre-Post-Event onentac1ons 
at each ct1agona! pomt , 

C()S~_1 =- s,no, .smO,.,. cos<fJ cos~ cos(o<.
1

-o<:") 

where 

{ 

Post-l"re } 
£vent-P05t 
£ve11t-Pre 

Com,Pule 1'ct1t 1ovs coordinates i'z ti!g wi/11 

u111l weigl!t (ft=[~~]) hr 10 points al I c.m. 

mlervals alon9 diagonal of" plate (.b =J'y). 
Repeat /or all or1e11/a/1ons (Pre - Post - or 

Event) .$0/vea' ./or m problem. Ictli'nt1/"!I 

po1/Jls as ty,Pe 8 by selling P.t, = [~ ~] . 

Return to compute d/rect1ims (o<..6) .for 
~ 20 

./;cttlious points { their mean errors 

Aller I.st. diagonal point (iz =.ly = o), I 
test /or combim°n<j orientaliOl?.s · 

II; 
'--- a;_, L kmfri _, - Combtne Pre ~Post 

a;.2 <: kmir;_
2 

- Combine £vent t f'bst 

a-;., L kmrr,_, - Combine event ( Pre 

All diagonal points compulea_ 

go to print orient at1on 

parameter data. page 10 

Compute t Prmt mean error or o'/rect/oo d1/l"erenc~s: 

[ m~_, l 
mtr = :tr,-2 

'13 -1 

cos~ cos~ sin(<>l1 -«-,_) 

c.1//e,.-e; 

Jr = _ 1_ 
L -~ 

- cos<f1 sintf,:, + sin 61 cos 0,. cos (oci - o<:,;) 

- cos~ coso ... sin(O(J - «-,;) 

- sm1 cos&,; , cosa1 sm c.; cas(o.:.,1 - ""..:) 

[

.I,_,] 
I= ~z 

f, _, 

« .. [ u r][(2t] N-· [("r][c' r] 
(Jr= (2 )"T 

Figure 18. --Continued (page 9 of l l) 
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~ Pnnt : 

Gwen Orientat ion Parameters, 

CtJrrections ttJ 91Yi!l'J parumeter.s, 

f/ option 9 =yes 
Compurect on entation parameter5, 

fl option 

(transform /mat« w~) 
/lfean Error (i/ /i = 0) m 0 = m(/l0)~ 

9= No 
Res/dual (ir Po .Finite) V., 
lv'e19nts (Po) 

Print : --
~ lliT Fl 'ff 

Compv/e rotation ma/r,,z rz·r, (St Qt 1011 to mstQntaJ?eous pole): ~ \C, e, "i ~ 

l 

~ VoT Po Vo 
[- ""'· ''"~· s1i?A..: cos). ... cas(IJ.- ~VT p v 

R<JJ,;.A.
4 

= fi·r, = - sin)..isinrpi. - cosA.,: sin A..i cos tp,; 

COS(/)..; 0 Sin~..: ! Common fl 

! Compute t print 

Compute rota/Ion matri:r: r,, ·r; fin.Jto1nto11'le0<1S (o mean po:e): C'omm0>1 mean 

; l 
error before 

No [ ; 

0 

Rxy = I 
oq/usl ment : 

" J m r--
-x -y m;,. = (R ):.-' 

ix. 

i m 

(mt1an pole 
m11 = (R F1 

Compute rotation mqlrix ,.. rs to rererence station): iy 

[-"'"' """ - sin A. sin.JI, ";~· i l Common ed 
Rsi>.A-. = r .r. = ..1in A.0 - C'OS ).0 d $ 

cosA0 coJ~ Stn,.I.,, COJ JI. .Stn~ Compute c pr1nl 

i common mean 

error ,before 

Compute transformed orientation angles : ad.;u.slment : 

m t+-

[ A7 A; D'] [A, A, Dl R= ~· t;·~·r,· t;·t; .sinw'= £" rrt.: = ( PJ :-, ,...._ a,- B; £" = R 8, B, £ 
sin Jr."= -tJ,/ cosG.!' ~· 

ol. 

c,• c,· ;:-• C, Ci F 
co.sol'= /cos(J m 

,Print: a:~ 4.1 11
, ¥• m6 ~ ( F! )'-'r 

' 
Option 8: yes, (print d1stor1Jon curyes) ! i 

Compute ~ Print : --
Ko~ -(K. 1d: + K.zd,

4 
+ l<Jd:), c• • C(l-K0 ) if Cir. Ile~, use C= CxtCi/ ID/ma& . 

_(c:.,;~)d:J 
z 

ID!"''" 
.!/ option 

24 
[1-l(o 1-1<0 (c, •Ci!) • _(C.•~)d4 S=f1es go to C}L//Cy , .. T z --z-d" 2 • m 

J ~ [1- K0 -Cxd: J 
... .. .. .... .. . . . . ' . . . . prmt retr: 

-c. d: 
~ 

Qc,.c, Cx.~C!J J- Ko - Crd" cur yes 
Qc,,~ I/ comomed 

• (IQ /')'1 q " - QK,K, .solvlion, go lo page lj me = m c• c -
full n 
matrix. Qi., •• 

QK ... Go lo com,Dll!'le .. .. ... . ····· · · - 23 
dist or/ion CllrYeS a e I I , p '9 -

Figure 18.--Continued (page 10 of 11) 
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@ Comf>ille: 

if;; = O; 

mcx. = m(i(c,.c.)~ 

mey = m(fl~cyJ"1 

mg>,.= m (Q,,,,,,fz 

if P. finile ; 

m{l/f...)~ 

m(t/~)'lz -

m(1/P- Ji''z ,,, 
Pont: Cr., me,,, cy, m~. <J>r, m,,, 

c~ me*, d", Ko 

END 
No combined 

solut/oa 

Natt: * indicates 
filled matrix. 

14 ----------, 
Return le> page .J 

Jor v-c.!l'le to 

print results of 

f!ombined 

Solution. 

Correct com,ovted 

parameters: 

0a:, = o; + JJO 
' 

Compute ~ Print; distortion curYes ( com,ouled f 
transformed rad/al f O'ecenler/ng), 

/JR = d(K, d 1 
f l(zd" + K,d'), LIRr = d (Ko) I- L1R 

tlT:: ~dz+ Ksc/ 4 

maR =m(trQ,,,'4:fa m411, = m~11• Q11 ~;)~ 
m.ir =m('4r QJ,,,;J"z 

for d = da - d,,,a., in sleps of d,, , 

(.Jnere: 

li)JI = 

i.stt. = 

~T : 

[d~ d 5 d 1
] 

[d(<t'-a:J d(d'-c1~") 
[ d 2 d"] 

d(a'- a:J) 

No refraction / 

Combiaed solution 

If Opt/on 5 =yes, 

(Refr<:Jct1on correction} 

Compute (print rerractio// curn:s: 

z= cos-'(r) 
CCY!?pule for z-10• -- z +1ou m increments of I q; 
f = T :;W(i; tanf "zz tar/{.,. <Jfan§f + z;, tan 'f) 

t1s1ng 91ven t corrected i:'.s. 

/,r n l.r) !-2 
mr = m,.r?' ~r 'l' 

Comomed Solut/on 

@ Based on tests fr(Jm page 9 (Sigma. C!fC/e), combine o<., w, <>e. '.s of" Pn: - Post- Event or 

combinations thereof.· 

JJO"' {N-'- N-'cr(CN-'cT'cN-'}1 + N-'cr(CN-'Crf',t* 
I 0 0 0 0 0 -I 0 0 I 

41here; 
c.J

0
t"Vl'NT - £.J

0 
...... c 

O/,.IJ~ENT - ~:A'l' 

o(OEVVl"'f - OC~OGT 

(.,.,)~~£ .. T - w",..,. T 

~~YENT - ~~T cz 

c = 

0 I 0 0 0 0 0 -I 0 

0 0 I 0 0 0 0 0 -I 

0 O 0 I 0 0 ~ 0 0 

0 0 0 0 I 0 0 -I 0 

0 0 0 0 0 I 0 0-1 

*""'Nole: C'ol"mns 10-26 or c matn'z. Contain ~eros. 

Figure 18.--Concluded (page 11of11) 

Ex.ample t!/11straied 

for combining all .J 

sets of onenta tion. 
•• * C ~ l Will var<; 

accoraing to test 

from page l 



Start 

Read 

Problem No ,Dole and Name --NAMES(l,14) 

Problem 1nd1cators -IND(l,14) 

lteral10M, Mm1m1Jm Solution 

ltsral1ons,Max.1mum SolJ11on 

ln;:iJ1 mean error 

Po1n1 reiect1on 

Histogrom 1ridicotor 

Constants 

llerat1on Tolerance 

Retraction 

Sta11on Tempe re lure 

Pressure 

Distortion Zero 

interval 

mo11,1mum 

tole,011ce 

---- ITMlN 

-1TMAX 

-TYPBME 

- IREJ 

-IHIST 

-TOLP 

-- TOLA 

-TEMP 

-PRESS 

--+- DK 

-DINT 

-DMAX 

-TOLD 

Event number 6 datei Camera, Plate 

8 Unit numbers NAMES(15,21) 

51dereol time tor hct1t1ous 

..Jriknown slor-s - TIMES 

Time correction lhrs, m1n.~ecJ--TEMPO(l,9) 

G
mparator No a 

Operator name 

~te point nu~1ber~ 
-- NAMES(22,25) 

- "Post" -- MINPO 

''E..,ent
1
' ----- MINEV 

/M1NP0 >--~~<M1NEV =o MINEV '900 

=O 

MINP0=500 

Read Camera 5tol1on number 

and name NAMES(26,29) 

Lat1fude, Lonqitude a He19ht - CAMSTA(l,8) 

Set M.NSU~ = I 

Print (MINIMUM 

SOLUTION COMPUTED> 

P1 int <PRE RUN 

COMPUTED> 

P"nl (NO MINIMUM 

SOLUTION> 

Set MINSOL=O, IDISK• I 

Print <PROBLEM DESCRIPTORS> 

Prinl NAMES(22,25l, TEMPO(l,9) 

Print <COMMON WE I G HT 

MATRIX FOR ALL 

PLATE POINTS> 

Print <COMMON SCALAR COMPUTED 

FOR X AND Y) 

Print< INDIVIDUAL SCALAR COMPONENTS 

FOR X AND Y ) 

Print <COMMON WEIGHT 

MATRIX FOR ALL 

KNOWN STARS> 

o/ 

:/ Print <INDIVIDUAL WEIGHT 

MATRICES FOR KNOWN 
STARS> 

Print OK. 

DINT, OMAX 
Print (INDIVIDUAL WEIGHT MATRICES FOR PLATE POINTS> 

Print <REFRACTION COEFFICIENT CORRECTIONS COMPUTED> 

Prinr Heading, NAMES(5,l'I), 

NAMES(27,29), CAMSTA(2,8) 

NAMES(l-15-20· 2,'I -26-19-21-16,18), 

TOLP, TOLR,TOLD,TEMP,PRESS 

P"nt <NO REFRACTION COEFFICIENT CORRECTIONS COMPUTED> 

Print (RADIAL AND TANGENTIAL LENS DISTORTION 

Convert time conect1011 

to radians-FTRU,3) 

Clear MSCOMP, MPCOMP 

...------~ 

CURVES COMPUTED> 

Print< RADIAL LENS DISTORTION COMPUTED> 

Read Camera Azimuth 8 Zenith 

distance (deg, m1n 1 sec)-- CAMAZ{l,6) 

Plate coardmates --- FLX 1 FLY 

Weiqht matrix - FPL(2x21 

Read Reference station number 

and name - NAMES(30,33) 

Lal. Lon9, a Heoght -- REFSTA(l,81 

Mean Pole coord1nates 

• - XANGLE y - YANGLE 

=O 

COMPUTED> 

Convett Azimuth to radian~ - CAZ 

Zenith dist. ta rod - CE 

cot E - COTE cosA-COSA 

smA -s1NA' Print (CAMERA AZIMUTH 

AND ZENITH DISTANCE USED TO 

CONSTRAIN ORIENTATION ANGLES> 

Pront NAMES(3i,33-30), REF5TA(2,8), 

XANGLE and YANGLE 

'----------~1291 

Figure 19.--Flow diagram of the FORTRAN statements (page l of 10) Ul 
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Print <ALL MEAN ERRORS COMPUTED USING INPUT 

MEAN ERROR OF UNIT WEIGHT • TYPBME> 

Read Orientat ion Parameters 

(a:•-;: l -+- AO PAR l7,22) 

Move Refraction coefficients from 

" da!a" RFPAR(l,4) -AOPAR(23,26) 

Set current approximations to 

give n parameters 

OPAR\1,26) • AOPARll,26 ) 

Print CALL MEAN ERRORS COMPUTED USING 

PROBLEM MEAN ERROR OF UNIT WEIGHT> 

Pr1nt 5for no. NRE.J 1 

Increment LS. 

NREJ-NRJS(LS) 

Se t ''Pre" 8 "Post'1 a:0 w0 z 0 equal to 

"even!" AOPARU,3 Elo4,6l • AOPAR(7,9) 

Compute 

'• • •,• llK -AOPAR(27) 

y, • y,+ l!.y -AOPAR\26) 

Convert +; and ex• w 0 oie 0 

to rad ians 

Rood numbers of 

stars to be used 

in minimum sol. 

~MNSTAR 

(l,IND6) 

Cl tor N02PTS, 

NOBPTS, NMIN, 

NOPPTS, IZERO, 

NPRE2,NPREB, 

NPOST2,NPOST8, 

NVENT2 ,NVENTB 

Prinl point no. NREJ, 

Increment LP, move 

<O 

Read common 

plo!e we1gllt 

-TPL(2x2l 

Re~d point to be 

re jected -NREJ 6 end 

doto ina.--ITEST 

Reod a: -ALPHA, E.-DELTA, P"~ -PALPHA(2x2), St ar no. -NOST 

No. of observations ~NPTS, Catalog no.---.- NCAT 

Reod a: - ALPHA, f, --DELTA, Stor no. - NOST, 
~--____. ... 

Store on DISK UDISK) 

NOST, ALPHA, DELTA, 

PALPHAl2x2), IPTS, 

CATNO, along with 

IPTS observations 

from DISK 4: EL X, 

ELY, PL\2x2),STIME, 

LASTPT, NPP 

No of observations ... NPTS, Cotolo9 no -- NCAT 

Increment 

tolol obs. 

count 

NOPPTS + 

IPTS 

Move stor 6 

point data 

from disks 

2 ond 3 to 

disk I 

Increment 

observation 

count 

NOPTS +I 

Store ELX, ELY, PU2 x2), 

STIME, L ASTPT, NPP 

on Disk 'I 

:I 

Clear 

LS•O 

LP•O 

Recd common 

star weight 

-TPADl2x2) 

Increment 

Cleor orientol 1on we1;ht motnx 

P0\26x26) • 0 

Read we1gh! s 6 to 

corO ._ P0(26x26) 

Move retr weighls 

to temp slorao• a 
clear array 

POl23•26l-TPO( 1,4) 

P0(2 3•26). 0 

Read IWOIQh!S a IOQS 

5 to cora 

-P0(26 x26) 

Type 8 count r------------.------""<~ 

N08PTS + I 

Prin t ERROR, Read all point da ta 

Increment 

Type 2 count 

N02PTS + I 

IDISK •2 

NMIN +I 

I, - ELX 

ly -ELY 

P, - PU2•2) 

Point no - NOPT 

Star no. - NOST 

S.Tome - STIME 

End of file 

ind1cotor·LASTPT 

Figure 19.--Continued (page 2 of 10) 
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Rewind 

disks 

Convert refroct1011 

toleronte to 

rodio ns - TOLZ 

Add one to 

obs count 

NOPPTS + I 

Comoute Wf!O th er eons tan ts 

(To /P.k we 

I/ 'Ir 
/ T To 

f; to rad ians -- PHICS 

sin f; - SINPHI 

cos f; - COSPHI 

Clear VLVSUM, VLXSUM, 

ELXSUM, ELVSUM, PCVCLE, 

RCVCLE, VCVCLE, AERES, 

RCC, TOLMET, VI, V2, V3, 

SUMVl3l, ~Ul\4VSl3), CTlll, 

PRSUML, NDI V, MPTS, tTCNT, 

LSIG, CCYCLE, DELLOl26l 

Coll ANGLE Ccrrec:t :zenith dist. 

s1.10-rout1ne J.=ZR+ZETA .-zo 

to compute 90°-ZO -+ELEV 

azimuth cos~. -..coszo 

-AZ sin i• ..... SINZO 

s•nA ... s!NAZ ton~· -TANZO 

cosA•COSAZ 

Compute declmot1on 

b: s1n.
1
lcos1. smf­

son~,cosAcosf)- DELTA 

cos6 -cosDEL 

Lobel CRT 
\------< 

Set mean error 

cycle md1cotor 

MCOMP =I 

Prinl <NUMBER OF ITERATIONS 

WILL NOT EXCEED> 

Print< MINIMUM SOLUTION, 

ITMIN> 
Qroph 

TY PBME - ERRPR 

Set 

NOVENT= 4 

NU0-3 

Set 

NOPOST•2 

NU0 -3 

Count obs. 

an anent. 

porometers 

for ma•. 

Count observations 

on onet1tot1on 

poro~eters tor 

minimum 1olut1on 

solution 

-+NOMX 

Cleor RNl26x 261, 

CNl26l, DEL0(26) 

:I 

-NOM 

Clear POSVX, POSVX, 

ANEGVX, ANEGVY 

Compute refroc t 10 n 

ton1 = l{'•'l'l'" -TANZ 

J = Ian·' ITANZ) ~ZR 

/3 = ton-'IWF• TANZI - BETA 

ton!-'l2 = sin!'l2 /cos42 -TAN8 

~=WCI~. TANB+"tz TANB'+ 

"t, TANB
5 + t, TANB' J 

- ZETA 

x • 
' 

y = 
$ 

Compute direction 

cosine matrices 

- A{3x91 

Clear NL, NX' NUX, 

NUSED, ACYCLE, 

AERES, DE LLSQ, 

sin;, - SINPHT 

cos t, - COSPHT 

Clear OTLAST, DRLAST 

a: -ALSTAR 

Compute standard coordinates ? S 'l 

u;"..••l-ELLX Y(J), 11;-y,)CY/c, - ELLXY(J), 

J K c,-ELLXV{K), 

Pre 2 3 SMALLU{M) = SMALLU(M) + 

Post 4 

Event' 7 

5 6 

8 9 

A(M,Ll • ELLXY(L) 

Mo 1,3 L = l,K 

{ = SMALLU(l)/SMALLU(3l- XSI 

'1' SMALLUl21/ SMALLU{3) - ETA 

Figure 19.--Continued (page 3 of 10) 

Sel 

NOPRE =I 

NUO- 3 

P"ot <MAXIMUM 

SOLUTION, IT MAX) 

Set NUO = 22 

Clear NOVENT, 

NO PRE ,NOPOST, 

NOM 

Set unknoWtn 

count =a 
NUOPRE' B 

=O 
Read NOST, ALPHA, DELTA, 

PALPHA(2x2), NPT S, NCAT 

NOPT, ELX ,ELY, NPP, 

PU2x 2l, STIME, LASTPT 

Correct 1"" tor non -

perpendicularity-ELXSST 

ELV-ELYSST, NCNT=O 

Compute distortion 

1.i;.--.f·<~-yJ -02 

NCNT+ I , (02)' -D4 

ID4•D2) -- D6 

K,D2 + K,D4 + K, D6 -+ DELRDI 

1<_D2+K~D4 -+-DELTAT 

[2\J:-<,)'102] + I ..... DCONI 

L2<ty-y.~ D2] • I - DCON2 

(2t i,- <,U!l-y,l)/02 - OCON3 

DEL TAT [DCON3• COSPHT + 

DCON2 "SINPHT] -- DTSINP 

DEL TAT [ DCONI • COSPHT + 

DCON3•SINP!-iT) - DTCOSP 

ELX-DELRD1!J.-x, 1 - DTCOSP + 

ELY It I - ELXSST 

ELY- DELRDlll~-y,J-DTSINP 

- ELYSST 



198 

Compute hour angle 

COSJ,COS •• sini,cosA>in¢ --cDCH 

sinJ,sinA ~ CDSH 

Cal. ANGLE to compute H' 

<X ' ST - H' - ALPHA 

cosH ' -COSHPR, "nH'-SINHPR 

sinb- SINDEL, cosb -coSDEL 

Compute d1sc:.reponer- vector 

x;= c~SMALLM(!J/ SMALLM(K) + x,+ 

DELROI u:•- 1l,s) + DTCOSP - J~f - XI 

y, = c~SMALLM([ •II/ SMALLM IK) • y, • 

Correct for dlumol oberral1on 

oc" = ex: - 32 cos f cosH' sec b' -ALSTAR 

6 = 6° - 3 2cosf sinH· son6' -DELTA 

193 Add d1urno l oberrot1on 

H' =ST - ex:" - HPRI 

son H' - SINHPR, cos H' - COSHPR, 

sin 6 - SINDEL, cos 6 ~ COSDEL, 

<X ' = a:" ... 32 cos~ cos H' sec 6 - ALPRI 

b' = h + . 32 cos f sin H' sin b -OELPR I 

H' = S.T. - <X', son H' - SINHPR, 

cos H' -COSHPR, son o' - SINDEL, 

cos o' -cosDEl. ZLAS T = 0 
DE LR DI I 1;~ y5 ) + OTSINP - YI 

lll• = J, -XI - DELLI:) 

t:> Jl ' I, -Yt _. OELL\2! ...,_ ______ ___. Com~ute d1rect1o~numbers I 
-----

Compute oux lli anes 

© :(Xl-xJ!c, - CIRONE 

® :(Yl-y l/c -CIRT\110 

@ = (D[A!l,l<J-All,ll) ~CIRTHR 
© = ® [A(2,K)-A(2,l)j +-CIR FOR 

@ = @[All,Kl-AU,l•l))~c1RSIX 
CV= @[A(2,K)-A{2,I +ll] ... CIRSEV 

®= @A{2,ll-©Al2,l•i) 

--CiANIN 

~ •ETAXSl(ll, r(-ETAXS112l, 

I +- ETAXSl(3), 

SMALL MILi = SMALLM {LJ + 

A(M,Ll" ETAXSI (Mi 

M =I, 3 L= I. K 

where 

Pre =1K 
Po-st ~ 

Even1 = 

Compute coett1c1en1s for ccC:w~ -~ £~ x~. y,0 8: c~ 

80{1 , ll = -cJCIRONE •CIRNIN + CIRSEV) 

197 

Compute zeruth drstance 

cos~= sino'sin f + cosb'cosH' cosjl - GOSZ 
l i'a. 

StnJ = (I- cos J J - SINZ 

tonJ = SINZ /GOSZ - TANZO 

J = lon"'ITANZO) - Z 

Wrile on disk(2); ELX, ELY, PU2x2), 

NCPT, ELXSST, ELYSST, DTS INP, 

DTCOSP, HBAR, DELPRI, DELAO!, I 
NPP, STtME ___j 

Compute refraction at ~ 

f= ton"'(WF" ton})- BETA 

ton~z = sm.Ll/2/cos1t -TANB 

~"- = WC('t , TANS• 't, TANB' • 

"C:, TAN8
5 

q• TANB
7
J- ZETA 

J, = J- ~a - ZO 

ton30 - TANZO 

Compute decllnotion 8 hour ang le 

cos q =(sin f - sin6' cos~ )/(cos b' SJnJl-COSQ 

S1nq' sonH'cost/s•nJ -slNQ 

son&,= sin 6' cost;.• cos6'sin~._cosq -SINDEL 

cos Or= U- Sfn.16,)
1
" ---- COSDEL 

Compute stondord coordinates at star 

cos3 0 = sinO sin t ... cosb cosH cos~ -- COSZO 

'l' - cosb,son H/cos J• - ETA 

6' = Ion'.,. - DELPRI 

sint:>H' sinq + sin<;"/COSDEL - SINDlH 

t:>H -DELH, H,= H' -t:>H - HBAR 

I ~ -= cos~ s1nS,-s1nf cas6rcosH/cos3.--xs1 

Clear BOA UX1 26x 2) 

oux.il1or1es ti:._ xl) - E:... XX:S, U~'"'~ )It.!- ELYYS 

J,=-c,/q CIR THR ~ox' Js = - c~ /q CIRSIX-+- DY 

K,= -c,/q CIRFOR-+- EX, K~ = - c~tq CIRSEV-+- EY 

Compute coetf1cients for tJ.x 6 fJ.y 

2K,+4K5d ..,.PAROT, 2K 1 +4Ktd:+6K.ld,,. ._ PAROR 

BOll,151= - DELRDl -ELXXS'. i'ARDR -ELXXS• PARDT.COSPHT - 4 •ELXXS I K • 2• ELxxs'. 

Clear BDl2x26) '------

80(1,l• ll =c,[ll +C IRONE
7 
l • SINKA(NPPJ -CIRONE• CIRTWO •COS KA INPP l] 

0012,] •I) = -c~(< 1 •CIR'.wo'J.COSKA lNPPl-CIAONE. CIRT\110• SINKAlNPPl] 

801 1,KI= -c,C:RT\110 

EL ns'lK,. COSPHT- 2 •El YYS [K, «ELxxs' + 3 EL ns'JK,] SINi'HT 

80(2,15)• - ELXXSlELYYS• PAR OR• PARDT * SINPHTI -2•EL YYS [ K• + 

(3. EL x xs'. EL YYS' I K,]cosPHT + 2. EL YYS• K,. SINPHT 

80ll,16)= -EL YYS(ELXXS• PAR DR •PARDT •COSPHT)- 2• ELXXS[ K,' \ELXxs' + 

°3• El YYS' IK5) SINPHT + 2•ELXX5 •ELYYS • K • COSPHT 

80\1, JO) = - Jy 80(2,K I = c~CIRONE 

BOll,ill =I SQ,2,121 = I 
BO( 1,13) = CIRONE 

80l2,!) • -c,(C IRTWO• CIRNIN -CIRFOR_) ___________ __J 

80(2,16)' -DELRDI- ELYYS'• PAR DR- ELYYS • PARDT• SINPHT-2•ELXXS (K. t lELXXS'. 

3• ELYYS' I K,] COSPHT - 4 •ELYYS [K. + lELXXs' +2. ELYYs't K,] SINPHT 

~--

~Iv 

Figure 19.--Continued (page 4 of 10) 
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Compute coetf1ciants tor x, ,yp ,K, ,Kz ,K1 ,K 4 ,K, ··~ 

8 01 1, ll) = 80(1,1 11 t 80\1,151 

8012, 121= 80 12, 121 + 8012,161 

801 1, 121 = 8011, 16) 

8011, 171 = D2 • ELXXS 

8011, 161 = D4 • ELXXS 

80ll,19 1 = 06 • ELXXS 

8012 ,1 11 8012, 15 1 

80 12,1 71 = D2 •EL YYS 

8 0 12,IBI = D4 • ELYYS 

8012 ,19) = D6• ELYYS , 
80(1,201 = D2" COSPHT + 2 1ELXXS • COSPHT + ELXXS•ELYYS •SINPHT I 

8012,201 = D2 • SINPHT + 21EL'!''!'S
1
•SINPHT + EL'!'YS•ELXXS•COSPH Tl 

BO(l,21} = D4'lCOSPHT t 21t 02 (ELXXS
1
1tCOSPHT +ELXXS1tELYYS1tSINPHT) 

8012,2 11 = D4•SINPHT + 2. D2(ELYYS
1

• SINPHT + EL XXS• ELYYS•COSPHTI 

80(1,22) = -SINPHT •DEL TAT• 2 • DELTAT /D2 IEL XXS• ELYYS•COSPHT -

ELXXS~S I NPHTI 

801 2,221 = COSPHT • DELTAT + 2•DELTAT/D21ELYYS - ELXXS•ELYYS•SINPHTI 

>-~----<Rewind 12) 

>O normals 

Com1:H.1te coeft 1<::ien1s tor a; 6 
AA= SINOEL/COSZO 

BB' COSPHl/COSZO'-xs1.AA 

CC = COSHPR/COSZO' 

DD = SINPH I• SINHPR/Coszo' 

8X(l ,l l = OX•ETA•AA+ EX•88 

8Xll,21 DX• CC• EX• DD 

BX(2,ll = DY•ETA•AA + EY•88 

8X(2,21= DY•CC + EY" DD 

NOMX +NL+ NX - N 

NUO + NUX -.. NU 

TWOl2'26l •ONE12x2J -FOURl26x2) 

-FOUR\26x2) o TWOl2x26l•RN(26x26) 

Comput~ number of unkno~n~ 
ond at>servohans tar 
minimum solution 

NOM + NL + NX - N 

NUX + NUOPRE - NU 
=0 

Compute degrees of 
freedom for prot>lftm 

N - NU - OOF 

IOELLSO /OOF J''- SUML 

IDELLSO) - SUML 

Compute Az - El doto FLX - ELX, FLY- ELY, EL X +ELY• E - ELXSST, 

ELY-ELYSST, FPLl2x2l - PL\2x2l, Clear OELRO!, OTSINP, OTCOSP, 

ACYCLE'i, XSl= -cotE• cosA, ETA, - cotA.s inA, NL+ 2 

- FOUR(26x2ht EIGHTl2l - CN 126) 

P RSUML • SUML 

2570 ,__ ____ __, 

Compute coetf ic1ents for 't" 1 't1 i:: 3 i:: 4 

TANZO = IETA' + xs1' i'~ ZN= ETA• ((I ITANZOI+ TANZO J 

ZE = XSI [11/TANZOJTTANZO) 

DXEX= -WCIDX•ZE+EX• ZNI, DYEY=-WCIOY•ZE•EY•ZNI 

8011,23) = DXEX • TANB 8012,23) 'O'!'EY • TANB 

8011,24) = OXEX • TAN8' 

8011 ,25) = OXEX •TANS' 

80(1,26) = DXEX •TANS' 

8012,241 = OYEY •TANS' 

8012,25) = OYEY • TAN8' 

8012,26)= OYEY • TANB' 

Form normal equo1 ions 

8XAUX(2x2) = 8X(2x2l • PLl2 x2l 

8XTPBXl2•2)' BXAUX\2x2) • 8X(2°x2) 

TW0\2 x 261 = 8XAUX(2 x 2 J * 80( 2 x 261 

EIGHT\26x2) = BXAUX!2x2) • DELL(2) 

80AUX\26x2l • 80(2x26) • PLl2x21 

RN\26 x 26) • RNl26x 26) .. 8DAUXl26 • 2) • 80(2 x 26) 217 

CN\26) = CN\26) • 80AUXl26x2) • DELLl2) 

MPTS +I 

Add t;. 6 and invert sub-normal 

[BXTP8X(2x2) + PALPHA12•2lf'._ ONEl2x2) 

If s1n9ulor, pr 1nl error 
message, go to cleor 
prob I om. 

CN!26l - POl26x26) • OELL0126l 

Invert normal 
eQuot ions 

(RN!26 x26lf 

~ RNJNV 1.26 x 261 

251 

Add onentat ion 
._e iQht motru; 
to normals 

RNl26 x 26) • 

POl26x 261 

If zero on diaQonal 
of normal equation 
matrix., reptace 
..... 1th 10'0 

Figure 19.--Continued (page 5 of 10) 



Compute solution vector 

DEL0(26l= RNINVl26x261 • CN\26) 

Compule tota l correcfton 

DELL0(26l = DELLOl26l + DELOl261 

CN(261 - SAVECNl26) 

DEL0(261- SAVEuLl26) 

Correct opproximo11ons oO 

OPAR(261 • OEL0 126) 
ITOH+I 

DSUML = PRSUML - SUML 

PRSUML ' SUML 

RCC=I, Print NOMX, NUO,NX,NUX, 

NL, N, NU, NOF, SUML 

Prinl <STAR AND PLATE 

COORDINATE DATA> 

RCYCLE ' I 

Counl ~1ven retraction 

parameters ...... OOMX 

CN\261- SAVECN 126) 

DELO 1261.- SAV£0Ll26l 

Pf<nf <REFRACTION SOLUTION> ,_ ___ _, 

Prml <FOUR 

DIVERGENT 

STEPS 

OCCURRED> 
Prnl <ITERATION RESULTS DIFFER 

BY LESS THAN TOLERANCE> 

Prinf <REFRACTION SOLUTION 

ELIMINATED FROM PROBL EM> 

VCYCLE, I, Clear MPTS, 

DELXl ll , DELXl2) 

Compufe 1!.cc. t:. b ONE (2 x2l • 

EIGHT\21- DELXl21 

Pr inf <I TMA X ITERATIONS 

COMPLETED> 

DETM IN= DET 

ITERATIONS 

Compute covariance matrix. tor Type a po int 

ONE\2•2l• TW012x261- BOAUX\2 •261, b +l!.6 - DELTA 

BOAUXl2x261• RNINVl26x26l• TWOl26x21- BXAUXl2x2) 

8XAUXl2x2hONE\2<2l - QALDELl2x2l 

Read 141 r llU!+ t:. l; l tor !~pe 8 star - VIB 

BXAUX(2x2) • 

BOl2•41 -

T\110(2x4) 

Move l'etroctioo -e lqht matrix 

TP0(4x4l - POl26x261 
cc.,w, • !Pre 8 Postl 

'a:,w,;r \Eventl 

~----1792 

Clear MINSOL, ITCNT, 

NDIV, PRSUML 

287 

DETMAX , DET 

Correct refraction 

parame1ers 

OPAR(l) +DELCO I 

l '23-26 

RCYCLE' 0 

Prinf <STAR AND PLATE 
TOLMET •I 

l(•v.:-RAST 

COORDINA TE DATA> 

p,, nt NO ST, PAL PHAl2 x2J, 

NCAT, RAST, RASA, 

DE CSA 

Compute mll(.m~ t:ietol'e adJ . 

-ALPHME, -DECME 

Print NOST,PALPHA(2x2l, 

ALPHME, DE CME, RAST, 

RASA, DECSA 

Compute coett1cients for refraction parameters 

(~'.'l'}''-TANZO, ri.[ll/ TANZOl +TANZO]-zN, ~(1 1/ TANZOl+TANZO) -zE 

DXEX•-\llC\DX•ZE +EX•_ZN), DYEY•-\llCIDY•ZE + EY• ZNJ 

BOli,23 )•0XE X•TANB, 8D(2,23J•DYEYoTANB, 90(1,241 = DXEX•TANB', 

0012,241• DYEY• TANB', BOll,25 )•0l(El(o TANB~ 8012,25) • OYEY• TANB', 

80(1,261• DXEX• TANB', BOl2,26) •DYEYM TANB' 
~--------------

Figure 19.--Continued {page 5 of 10) 



ERRPR +ERRS lV1812 •NPTS-2 1'"+ ERR8 

@ -IHa •PLU,U-ll~•PLl2,ll- DELLPllll 

-ll l, • PL0,21-ll l~ • PLl2,21 • DELLPL12l 
MPTS ti 

Compute totol mean error for determined a: and b 

QALDELl2l21•ERRPR
1 
tONEl2'21•ERR8

1 
- QTOTALl2•2l 

~ ~ m,.: : [aTOTALll,11] +TQTALP, mx~: (aTOTALl2,2l] -TOTOEC 

Com~·te error' ellipse tto,al) 

2•0TOTALll,21/[0TOTAL(l,ll-QTOTALl2 ,21] - TAN2 TH 

8 'lon''1TAN2TH12 I - RO TAT 

2 • OTOTALll,21/stn 28 - 0 

a'• (tOTOTAL !l,11tQTQTAL(2,2ltQ112]'" ..... AAX 

b' '(IOTOTAL(l,I). OTOTAL(2,2l -al/2]"'-eAx 

e• - e" - ROTAT 

Compute mean error tor determined cx,O lonentott0n ont)'1 

m;_ • ERRPR• ( OALDEL(l,llj '" - ALPHME 

mx'i • ERRPR• (OALDEU2,21J°'' - DECME 

Compute error ell1P'5e {or1entor1on only} 

2•QALOELU,21/(QALDEL(l,l)-QALDEL(2,2l) - TAN2TH 

e. lon-'tTAN2TH/21 - ROTATE 

2•QALDELU,2l/sm28 - 0 

a•• ERRPR[f.QALOELU,I) +QALOEL(2~2) .. Q) 12f2..._ AAXCS 

b' • ERRPRl\QALDEL\1,1) tQALDELl2,21-Ql/2 I - SAXIS 

e' - e" -- ROTANG 

ALOEG'- 0 
' "-1DEG, IAMIN, ALDEG 

ALSTAR' - " m • - NHOUR, NAMIN, ALSTAR 

DELT~'-- 0 
'• - NDEG, ADEG, DELTA 

Pronl NOST, ALPHME, DECME, AAXIS,BAXIS, NHOUR, NAMIN, 

ALSTAFI, IOCG, IAMIN, ALDEG, NDEG, NDMIN, DELTA, TOTALP, 

TOTOEC, AAX, BAX, RO TAT - - - . ---- - ____ __. 

I J. In - ELXSUM 

I J1tn - EL YSUM 

[";,,In - VLXSUM 

I •i, /n - VL YSUM 

ELX...,. ELXSUM 

ELY - ELYSUM 

DELL 11 l•VLXSUM 

DELL(2)•VLYSUM 

Punch ELX,ELY, 

DELLl l l,DELLl21, 

NOPT 

-OELl.PL(l) 1 OELLU)­

OELLPLl211 DELL (21 

- 111 

• DELLPLlll • OELLOl­

OELLPU21• DELLl21 

-vie 

-OELL(l) - SUMV(ll 

·DELLl2l- SUMV\Z) 

( DELLlll ]
1

- SUMVS(I) 

[OELL(21]
1 
-suMVSl2l 

Prinl NO Pl, TYP, 

NSTH, NSTM, STSEC, 

PUZ'IZI, ELXMM, 

ELYMM, XME, YME, 

VXMIC, VYMIC 

'-----------; Pronl NOPT, TYP, ELXMM, 

ERRPRl(PLll,llj"- XME 

ERRPR/ (PU2,2lf"- YME 

AZ'-•'" - MOEG, MMIN, ASEC 

ELEV~ 0 ' • - MMDEG, MMM1N, AASEC 

Pron! NHOUR, NAMIN, Ac.STAR, IOEG, IAMIN, ALDEG, 

NOEG, NDMIN, DELTA, MMDEG, MMMIN, AASEC, 

MOEG, MMIN, ASEC, ALPHME, DECME, AAXIS, 

BAXIS, ROTANG, TOTALP , TOTOEC, AA'I, BAX, RQTAT - ----- ----- _________ __, 

ELYMM, PU2a21, NSTH, 

NSTM, STSEC,VXMIC,V'l'MIC 

., 

ELXm - mm - ELXMM 

ELYrn-mm - ELYMM 

DELI.Olm• ~·VXMIC 

DE:LLl2lm ... ~ • VYhlC 

STIMEr •h ms - NSTH, 

NSTM, STSEC 

197 

- - ·- - 1-
~----------------------------------------~~ 

Reo<l 2, ELX, ELY, PL\2'121. 

NOPT, ELXXST, ELYYST, 

DTSINP, DTCOSP, H0AR, 

OELPRI, DELROI, NPP, STIME 

Correc 1 a:. 6 

HBAR • DELXlll 
DELPRI t DELX l2l 
sin b - SINDEL 
cos 6 ... COS DEL 

Figure 19.--Continued (page 7 of 10) 
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Resolve ~"'~ 6 iihj •nro rodiol 6 

tangential components 

Pr in I NOST, ELXSUM, ELY SUM, 

VLXSUM,VLYSUM, VLRAD,VLTAN 

star residual to sum 

isl<l: •~')011 

-- COSSUM 

ii I <i.' • l; )~' -.... SIN SUM 

ii.z.. oCOSSUM+ii.a,, •SINSUM-VLRAD 

v1~ •COSSUM- ~. •SINSUM-VLTAN 

Compute Az - El re S•duols end 

add 10 I: v; ~ Vo 

v1: ~Iv~ - V3 

NOPT = 0 

Clecr ELXSUM, ELYSUM, 

VLXSUM, VLYSUM 

Col1 sub-rcyt ine GRF to 

plot type 2 stor 

symbol ct J,)i 

Coll sub-rout i ne GRF !o plot type 8 

stcr symbol ot I,, i 1 

P"nt Az- El plo!e dote, ELXMM, ELYMM, 

PL(2 <2), VXMIC, VYMIC 

NOPRE • r.IJPOST + NOVENT +I 
--. III 

- V2 

Compute 

v; Po v0 -- V3 

Compute to!a I 

r VT p V 

Vl•V2+V3-V'I 

Rew•nd 14) 

Compute mean error of 

umt weight 

lV4/n-u lll! - ERRPR 

Clear MCOMP, V3, 

V'I, V2, VI 

Vl8, VCYCLE, 

MPTS 

L2•2, s•n(a:-a: l- SINDHR, 

cos l a: -CI:) - COSDHR, 

(<COSDL3• SINDHRl
1 

+ lSINDL3 * 
COSDL3• COSOL2 - COSDL3• SINDL2 • 

COSDHRfJ"'- SINSIG 

Compute <T lL21, A AzlL2), AE ll21, 

da:ll2l, Mll2), 

Form error func1 ion 

COSDL2 .coSDl3• SINOHR/SINSIG 

l-SINDL2 • COSOL3 • COSDL2 •SIN DL3 • 

COSDHRVSINSJG 

SIGMAC=i, ALPHA=O, 

DELTA=O, LASTPT=l, 

NPTS=O,STIME• TIMES, 

NPTS•I, AERES=O, 

VCYCLE=O,PCYCLE=O, 

ACYCLE=O, PALPHA=O, 

PL=unit, ICNTR =I, 

LAP=i, ELX=O, ELY=D, 

NOST= -ICNTR, 

NOPT=ICNTR, NUST=NOST, 

IDIAG = ICNTR - I 

Pr int PL ond head mg tor 

first diaqoncl point 

- COSDL 2 •CO SDL3• SINDHR/ SINSIG 

l-SINOL3• COSDL2 +COSDL3• SIN0L2 • 

COSDHRl/ SINSIG 

ONEl2<21- SIGll2 •2l 

TWOl2<261- SIG212•26i 

ELEV-ELEVI, AZ-AZI, ALSIG - ASIGMA, 

DESIG - DSIGMA, sinb -SINDLI, cos~~ COSDLI 

5'n6- 51NDL2, cos6 - COSDL2, s.n\cx:,-a:•l + SINDHR, coslcx:,-a:'I - COS OHR, 

ncoSOLI • SINDHRlz • lSINDLI •COSDL 2 -COSOLI • SINDL2 • COSDHR :f• ...... SINS IG 

Compute cr(L2l, llAzlL21, {).[(L21, lla:ll21. d6lL2). 

t---------------< ONE\2<21- SIGll2<2), TWOl2<261 - SIG2(2<26l 

Figure 19.--Continued (page 8 of 10) 

SINDL2 -SINDL3, COSDL2-COSOL3, 

ALSIG-Al.SIG3, DESIG- DESIG3, 

ELEV-ELEV3, AZ-AZ3, NPP=3, 

,___ ____ __, 

LAP=3 

Form error propoqohon tunct~on 

lCOSDL 2•COSDLI • SINDHRl/SINSIG 

l-SIN0l 2 •COSDL I •COSDL2 o SINOLI • COSDHR l/S!NSIG 

l-COSDL2 • COSDLI * SINDHRJ/SINSIG 

l-SINDLI • COSDL2 + COSDLI• 51NDL2 •COSDHRl/SINSIG 



Compute covariance motn~ lO.,.,l 

SIG 116•61•SIG216•261• RNINV\26' 261• 

SIG2!?6x 21• 51Gli6.SI ~ OSIGl6x61 

Compute mr:r 

mlf a,. f'~ 'lz 
- SIGMAM(3>31 

Prinl <CAMERA OR IENTATION PARAMETER DATA) 

Compute decentered lens 

distortion alor.c;i with 

error propoQatioo tunc,100 

K.D2 • K,D'I -- DT 

D2 FHll 

D4 - FT\21 

Compute rtiean error of 

decentered lans dist. 

m(FHl•2) • RNINV 

(2•2l•FTt2•1lf' 

-- ETD 

Pr in t distort ions ond 

mean erro r s 

DMM, DTR, ERDT, DR, 

ERD, DT, EDT 

D= D+DINT 

Compute mean error~ for 

rad1QI Qnd tronsfarmed 

radial d'1stortton 

ERO' m (FTRU<3) • RNINV 

(3x31 • FTRl3xll]°'' 

ERDT , m (FR 11'31 • RNINV 

(3'3!. FRl3•1lJ'' ' 

Compute C'Od ial and transformed 

rod1ol distortion alonc;i wr1th 

error propagotion tuoc t1on 

D -D2, D2 -D'I, D2oD'I- 06, 

Do <DKO • K,•D2 • K1•04 + K,•061 

-DR 

DR-D•DKO-DTR, D•D2-FTRUI, 

D•D4-FTRl21, D•D6-FTRt31, 

0.\D2 - DK2l - FR(I I 

Do 104 - DK'll - FR121 

D•ID6-DK61- FR131 

Prin1 OPARU3), ERRCX, OPARll4), 

ERRCY, OF't>R(22), ERRPHT, CSTAR, 

ERRST, DK, DKO 

Compute mean errors of c", c~,8 •T 
me.' ERRPRo [RNINV \13,13)]"' - ERRCX 

me,,' ERRPRo [RNINVl14, 141f' - ERRCY 

m,./ ERRPR • [,RNINV i22,22ij°"-- ERRPHT 

Pnnl dorocl1on do1a SIGMA, SIGMAM, 

DELAL, DELOE, OELAZ, DELEL 

TronsfQrm onenTot1on ma1riit lo inst. pole 

SI n >.~ - SINLON, cos>.~ - CO SLON 

- COSLON• SINPHI - AUXI, COSLON•COSPHl-AUX2 

• SINLONoSINPHI - AUX3, SINLDN• COSPHl-AUX'I 

AUX I • Ali,J) + SINLDN• A(2,J)+ AUX2•A\3,JI- Pl I 

AUXI • A\l,J+IJ • SINl.ON • Al2,J• I) •AUX2• A\3,J• I l-Pl2 

AUXI • Al l,J r2l> SINLDN •Al2 ,J •2) •AUX 2•C. 13,J•2l-P13 

AUX3oAll,Jl -COSLON•Ai2,JI •AUX4•Ai3,JI- P21 

AIJX3•Al l,J•I) ·COSlON• A(2,J•I I• AUX4 • At3,J>ll - P22 

AUX3• A( l,J•2l-COSLON• A(2,J+2)+ AIJX4• A\3,J• 2)- P23 

COSPHI • A(l,JI t SINPHI" Al3,JI -- P31 

COSPHl•AU,J+ll + SINPHI • 6\3,J •I) - P32 

COSPHI •AU,J•2l• SINPHI • At3,J•2l- P33 

Compu1• c• CS TAR= c ll - DKOI 

Nole 11 c,• c~ c 'c,.•cil2 

x"._xr - XRAO 

y"-y' - YRAD 

~' 1' -. A:-- REFLON 

•o.0 
"

1
- f 0 r - REFLAT 

sin)..• - SINRLO 

cos>.0 - COSRLO 

sin;. - SIN~LA 

cos f 0 - COSRL A 

-SINRLA • COSRLO 

-c.uxs 
-SINRLA•SINRLO 

- AUX6 

COSRLA • COSRLO 

- AUX? 

COSRLA• SINRLO 

-Auxe 

Compute error propagotion 

function tor c• 

Compute K0 term, radial . 

dislortion 

-<K,d~tKzd:•K3 d!I +-OKO 

(I- DKOI -DFNllJ- DFN(2J, 

·c\DK21 - DFN(5) 

- c IDK4) -- DFN (6) 

- c(DK6)- OFN17l 

DFN13)' DFN\'IJ ' 0 

Compute mean error of c• 

ERRPR[DFNIJ)• RNIN ll 

IJ•l2J,H +12l•DFNlJl]''r 

ERRST 

where J"' J~ 7 

I' I, 7 

Print inverse of reduced 

normal eQuotians RNINV 

Print sta1istical dale 

111, V2, V3, 114, m, 
mllP, )Y~ m/IF;)~. 
Delima•), 0.!lmin) 

Print tron5formed a:,~.~ 

TALPHA,TOMEGA, TKAPPA 

Figure 19.--Continued (page 9 of 10) 

Pr in t 

Transform trom inst to meon pole 

Pll • XRAD• P31 PTll 

P12 • XRAD• P32 PT 12 

Pl3 • XRAO • P33 - PT 13 

P21 + YRAD • P31 - PT21 

P22• YRAD• P32 - PT22 

P23 + YRADo P33 - PT23 

-XRAOoPll -YRAD• P21 • P3 1 - PT3 1 

- XRAD•P12-YRAD• P22 • P32 - PT32 

-XRAD•P 13 · YRAD<t P23+ P33 - PT33 

Transform to referent;e: s to,ior, 

AUX5• PTll tAUX6•PT21+ COSRLA • PT31- PP II 

AUX5• PTl2 +AUX61PT22 +COSRLA• PT32 -PP12 

AUX5• PT13+AUX61-PT23+COSRLA1PT33-PP 13 

SINRLD•PTll - COSRLO • PT21 - PP21 

SINRLOo PTl2 - COSRLO • PT22 PP22 

SINRLO• PTl3-COSRLO • PT23 - PP23 

AUX7• PTl l •AUXB•PT21 + SINRLA• PT31 - PP31 

AUX7•PTl2 • AUXBo PT22 • SINRLA• PT32 - PP32 

AUX7•PT13+AUXB• PT23+51NRLA• PT33 -PP33 

w•, !on-'IPP23/COSOMTJ - TOMEGA 

sin o::• ' PPl3 / COSOMT - SINALT 

cos a:"' PP33/COSOMT -- COSOMT 

a:•, tgn-
0

(SINALT ICOSOMT) - TALPHA 

sin z • = -PP21 /COSOMT - SINKA T 

sos z! = PP22/COSOMT - COSKAT 

at• = ton
1
(SINKAT/COSKATJ -Tl<APPA 

gtven orieofotiOl'I porometers AOPAR 

compuled or;entatton porcmeters OPAR 

weights for' paame~ers PO 

residuals on pcrometers ORES 

correct ions lo porameter'S OCOR 

mean errors ot porometers OME 



sin-' (A l3,91) - £LEV 90° -ELE V -+-IZEN 

CONOITl6x61• RN INV l 9<91• CONDl6 •91 - SIG216 •261 

SIG2(6x26h CONOl6x9l•RNINVi9x261-- RNl26x261 

RNINVl26< 26l - RNl26•261-- RNINVl26x 261 

DEL0l261- SIG2 i6 • 261 •AL Dlfl6l - OE LO l26l 

Clear VI, V2,V3, V4, VIS, 

SUMV(l•3J, SUMVS0•31, 

CTll-31 

MCOMP' i 

Comoute und print refraction 8 mean en·ors tor 

20 poin!s spoced 10•"' either side of cenler roy 

Ion i IZEN' 1-TANZ, !on IWF•TANZ l - BETA 

lon\BETt.121 -- TANB 

WC:•TANB - FFIJJ J "1,4 

FF IJl•OPARIJ• 221--ZEHIC 

FFIJl•AOPARIJ+22 1- ZC:TA 
~ 

m [FF\J I• Rf'l lNV\J+22, J•2 2 1 •FflJl)~ERRZT 

Prinl IZEN, ZETA, ZETAC, ERRZT 

Invert CONDIT\6x61 

- CONO!Tl6•61 

Coll GRAPH to 

plot hi•!ogrom 

of plate residuals 

QPtlR(l l -OPARl! •61 

-+- ALOIFII I 

- CONDll,ll 

-I -CDNDtl,1'61 

I• 1,3 

Vu 

CONDl6•9h RNINV 19 x 91• CONDl9 x61 
...... ~~~~~~---< 

Go to start 

neltf problem 

100 

Figure 19.--Concluded (page 10 of 10) 

-co NDIT{6x61 

Rewind lll 

Rewind 121 

OPARll•~l-OPAR!l •61 

- AL01Fll•31 

I - CONDU•3,1•3l 

-I - CONOll • 3, t •61 

I • 1,3 

OPARUl - OPARll • 3J 

-ALDIFlll 

I - CONDII,ll 

-1 - CONO\l, !+31 

I• 1,3 

data tor 

follo•mQ PfOQt cm'!. 



JOB,l.J+-2487 SINGJ...E CAMERA OA.lfPllfAflDN 96•5 lO/ll/67 ...... ••••• ••••• ••••• ••••• ••••• 
OPE RA fOR - THE RIJ~~ I"(; TI ME S ttOULO BE A80UJ Jllfllf'llUIES 

••••• ..... ..... ..... ••••• ..... 
H''PE rtOlllPILGO, FOflTA.AN, Piii 

SU8lYPf,FIOO 

IH IOO.OlSIC.,, r l•OO 

12 

[00,DISKu r 1400 

EMO 

!tlJ8TYPE ,fOfl TA.HI, LMAP11 PUNCH 

..... 
UNGl.f CAll!EA.A ORlfNfAJIOM - SJELU1• 

FDA 18~ 7030 SUEfCH 

c PAOGRAl!l HUMBER. 96"1 ..... 

... 

... 

10 

II 

12 

13 

20 Oi:niensions or arrays. 

21 

22 

25 

6 FFc"1 ,A:1110A,; c• • ,QaloEL ~2.2 ,, oFfritt 1, ,of~~• 1,, or DJ AL c 2, n .1r11c11. 26 

H:(lllllJf 11 11 .. NSTAR{ 10), JllfRJS I 100 I, ~R.JP( 200 I, E J AXS [ ( U, SlllALl"t 'ii), ELL:llY 27 

9 .H .c.asm•1) 1, SIM.14 J) ,COSlllAC J J. SIGl 16,e. I .sr1ac6 .. 2tlo). 51GfltAt) t 

aUtf~S ICJll\I S IGIUf'Ul,l) rOELAZI 1•,0ELEtf3 ,,DELAl..t lt rOELOIEI JJ 

,co~Ol6 .. 91' ALOIF16 I' fU'PDl<ll .c.cwatT( 6,61 ,.SA\l'EC. .. t 2'61. SAYEOt..~26 .... 

) ,J&LPHC9t,ec210• 

EQUIYALE'-CE I UU 11,8( l) I 

O&J A Clt. 711'2l0521664JOE-O°'I ,C°'t. l 74~12'92'i-199•U-Otl, 

C5-t. 290888208&6511f-.O) I, (ti.I. "848116811095.W:-05). 

C lOC l ... L"l S926~l5898 I, ~FP M. Cl) l 1050.61Ol1,AfP&A.C2•t106 ... l I ,,02, t 

AFPA•I JI (162.060861 1 •TYP( 1 tt J•l,3)(511 PAE ,~kf!OST ,SHlfYE .. Tl 11 

•FPAIH°'I I UZ.61291) 

C.c.lllllN /AP/IU"ES 

C AEAO PlllOBLElll DATA 

C PA.081,..IE fill OE SCA I PTORS 

100 AEAO l1IJil,t, .. EStJt.,11ot,ltl 

AEaiO 1, ClitUll(S( Ct, 1•5, 10 

c 

C t>A;09LElll OPTH•U 

c 

lil.EAO l1IUtOCII1 l• l1 l l I, IHUfril, I l•&11;, lVPBME, JREJ, IHI ST 

c 

10 

15 Program congtant!I, radian!! per geeond or tliae, 

'6 :racl1ans per degree, .radia~s per minute, raaila.ns 

17 per second 1 ra.c11a.ns per grad 1 

n 

39 

"J .Problem number, date or computation and 

°'" problem na11e • 

45 Options (ll) 1 lumber o! iterations !or m1n.1mu.m 
a.nd llllll:imum .1olut1ona, Inp~t mean errort and 
option to plot n11toera11. 

Figure 20.--Program listing (page l of 57) 
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70 

t PR08LEJlll CDN!.T.&NTS 

RE AD 4, TOlP t TOLR' T E,llP ,PRE SS. OIC.t Ot NT ,mu.x' TOLD 

IFfM[NPO .. EQ.01 M[NP0•500 

IFUHNEV.EQ.01 MINEV. •oo 

C CAMERA ST&TlOP\I NAl"IE, NUfll8ER:, LATITUDE, LONGITUDE ANO ElE\IATIOJt 

11.EAO 6, (NAllllESC I. t 1•26.2<:;11 'tCAMST&I I. I l"' 1,.8) 

IFC lNDC9)-tll0),10ltl0l 

c 

t READ AEfER:fNCE SU1TIOH N&~f, HUMBER, lAflTUOE, LOMGlTUDE ANO ElfV. 

101 AflD 6 1 1JrrtA~EStll,1•30,3~)1lAEFSTAlll,t ~l ,8} 

READ (fli!'STANTAN(Ol)S POLE COORDINATES, )( A.NO Y. 

REAO 7, XAP,,GtE t YANG LE 

lO.J I Ft ll't012tllO't,105,lO't 

t READ Al.IMJUTH, ElE\IATION DAU. 

c 

10'9 Af:AO a. eCA,llAll I.' t•l ,bl 

REAO q,HX,HY,FPllltll1FPLt2,2J,FPll 11ZI 

lOS FPU2dl a FPLll,2) 

~SC Q~P 

l8't21l FTAllt • JE...,,OtJl•.26l7~93B78 + TEMPOIJ+1J•.OO't3t)lJ-z3l + JEJllJPOCJ+l 

l l•.00007Z72ll 

WAHE APPflOP8.IATE. OUffliU'f HEADINGS. APIW S.Ef PROGRAflfi CO~TAOLS AS 

OICJATEO 8Y Pll09l(M OPl IONS AHO PR08lE"'- CO~S.TUHS. 

PA.I Ht 1001 

PRil'tl 1002,f ... AMESilt.t•S,l-'IJ 

PR lMT l OOl1 INA ... fSt I), 1•27 ,291, lCUll.STAC I l t 1•2 1 !U 

PRINT 1004t• NAl"IES C 1} ,NAMES( l~ I, NA"'E~llO ~,I NAMES I It• I•l 14t 1 ,NAMfSf Z6 t 

,Jlrll,UUSClQJ,NUllSCztl,INUIEStl 11 t = t6,181 

PRPn lDOS,TOl,,TOlA 

PR1Nll006,1ot.O 

PAfNt 1008, fE"P 

PRINT lOOQ,PilESS 

1051 P~INT lOIO,O._ 

PRll'llT lOll10ll'H 

PfUNT 1Dll,Of't4X 

IF C INOtb I) lOb, l08, l0b 

Problem ano refraction tolarances 1 temperature, 
pressure, Oistortion crossover distance, 

!!~I~~~l~~s~~~~=, 1~~:~~~~ lo~1 ~~~~! ~i~n c~~i:rance t 
46 Event number e.nd !late, Sidereal time fo.r 

fictitious points end time correctionst plate 
camera :t.ncl unit nos. 1 point 1dentif1ce.t1on f or 
"Pre" ,,Post" 11 Event 1', and factor for combin ing 
so lutions. 

50 

51 

S2 

~" Camera A.t.imuth an1 zenith distance (deg. tmin. 1 

5S sec.), plate coon\1Qa.tas and ""eights. fies.tore 

5• symmetry to ~igbt matrh. 

57 

58 Cleal' m•a.n BrJ"Ot comput~t1on 1n01c111torth 

Convert time ccrrectlons f'rom hours mln aml 

second s for each orientation (Pre, Post a: Event 

•l Print SINGLE CAMERA ORUHTATION WITH CELESTlAL 
OBSE!<VATIOHS. 

bl Print Input problem name (80 col of data) 

63 Print Station .Hal!le 1 Latitude and Long1tu.'1e. 

64t Print Problem !(o., Event .Ho., Ca me ra Pk., Date 

b5 of observation ana computation, Station, P1ate 

66 and tracking unit numbers. 

61 Print Problem :;onstants ; Problem, Ren·action e.n~ 

68 Distortion tolerences 1 Station temperature and 

6~ pressure. 

10 I! option 8 is yes, Print 01stort1on curv~ crcs~-

71 over distance 1 interval ana maxi.mum Clistan.::e. 

72 

74t Print Comparator Number and Name of Ope rator. 

Print tiDla correction. 

n Print PROBLEM DESCRlPTORS 

18 

Figure 20.--Continued (page 2 of 57) 
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10' PRUIT lOlStlNDUI 

~lNSOl • l 

IF llNOl "U t _l07, lOCilr 107 

107 PRINl lOll 

GO TO 109 

108 PRIJrtl 1016 

PHNSOl • 0 

IOI SK • I 

to• IFCINOIUILlO,lll,110 

110 PRINT tOU 

GO TO Ill 

111 PAINT tot• 

112 lfl IMOI ll 1113, ll~, ll3 

tU PllINT 1020 

GO TO 115 

II• PR! ~T 1021 

115 lfC INOl41J116, ll7, 116 

110 PRHH 1022 

GO TO llB 

tl7 PRC NT IOB 

118 IFI IHOl'J) 1191IZO,119 

119 PA.I NT tOH 

GO TO t21 

120 Pttl NT 1025 

121 If C JMOU J- U lZ2, 1231 lZ._ 

122 PRINT t02l 

GO TO 115 

t.21 PASNT lOZ9 

Goll TO 125 

tl.C. Pit Nf 1026 

12S lfi INOl 2t t l26, l27, 1.Z6 

CE • Cl0/2. - ClMAZJ4J •C. - Cl"lll Ho(5 - UMUOI 0<6 

COTE • COUCEllS!NlCE I 

COU1 • COS(CAl t 

"*LIO l02ff,ltMlllAltlt 1 1•l,bl 

IH tFt lllllJ91-ll lls,tzq.1 z9 

128 PAINT 10)4 

lZQ P•l Pll lOH 11111.1.llllfS r It. l•Jl 'JU .... SllOt, llUFlYU ... c-2.a• 
Pi:llJlllT IO)J,'1.....,,lftl'4 .. Cilt: 

izcn lft lTP&•t:J IJO, llct), 1:io 

1291 PRINT lllCil 

GO TD 1 H 

l)O Pa J "T 1120 1 TVPl!ltf 

llE.t.C APPROJll MAflONS ro OA1E.NfU ION PAl.AltfTERS 

tll ftf&O lOtUOPAA(lltl•1,Zl.I 

00 lllO l"lt3 

79 If Optton b=l, Prtnt MI NI MU M SOL:JTION COMP UTED 
llITH XJC STA RS . 

80 Set M.ln i mum Sol ution l ndtcs tor e 

8t 

82 Ir Option 7=l- , Prtnt PRE-Rl1!1 CO MP UT ED. 

81 

8• Prtnt HO KIMlMUH SOLUTION CO l4P UTED 

es Cl ear H1.r11..mum So l ut i on I ndicato r. 

86 

87 II Opt ton l=l , Pri nt COlll«lN S~A I..AR :O MPUTED FOR 

88 J; AND Y (CX OJ.j l1\ I.S CY) 

90 Print aoIVI D'.JAL SCALAR CO MPONENTS CO HPJ TED FOR 
t. AID Y (C J: DOES N01 Bl UAL CY) 

91 II Option 3=1, Prtnt COIOlll llEIGHT *TRIX FQjl ALL 
IJIOjjll STARS 

92 

9) 

9• Pr int I'llDIVlJJUAL Vll!GllT MATRICES FOR JQI O\l!I STARS 

95 It Optto n '+=1 1 Print COIOlll WUGl!T K.IT RU FOR ALL 
PLolTI POINTS 

'17 

98 Print IIDIVIDW.L V&IGHT 11\TIUC!S FOR PL\TE POINTS 

99 If Option 5=1, P1'1nt llU~CTIO• COEFYICIEllT 
CO!UlK:Tiors COMPUTED 

too 

101 

102 Print 10 ll&PillCTlOI COUrICiai CORRlil:?IONS 
COIG'DUD 

ID, II Optlon B=l, Pr1nt ll&DUL AID Dl!ClllTl:ltlD LENS 
Dl6TOlln01 CUliTiS COMPUTED. 

104 

t06 

tOJ 

t08 Print IKl UlllS DlsTCJmlOI CUllYIS COllPiJUD 

109 

111 

112 

Ill 

114 

t I' Prlnt CAllGIA AZI.-JTll A.ID iOI1'11 DIS?.t.ICI UBID TO 
COISTll&ll OllllllTATIOJI J.IG~SS 

110 Ir Optlon 9 =1, Print PillAL CUCIRA OIUllTATIOJ 
AIGLl!S 11\AISFORIO!D TO • lllf'Eill:llCE STAtl or SYS?!!ll 

117 

118 

l l• Print Referenc e Station Kame, •umber, lAt1tude 1 
1.oql t\lde and 8leva t i on. 

lZO Print Mean Pole Coordinate s (x and y) . 

lZl 

l ZZ Pr1nt .I.LL llllU EllllOllS COllPUTtD J SUG PilOBLEll 
llllU !llROR OJ' UUT WEIOH1 

IB 

124 Print ALL lll!AJI ERRORS CO MPUT ED :JS IIO IIPU1 ll!A.R 
ERROii o r U.IT W ICKT 

116 

127 

128 Set Pre anti Post f i rst appr oximations o:r ""' w , It. 
equa l t o Event value s. 

129 

130 
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l1• )?AWCI):.. AJPAM.llJ 

00 lH t-=J,JO 

l"\'• V PA~CJl:. !JPAl([(l•(7 

AllP UHZ11 A.JPJ.51. I l lJ •A;JPAR t I".> I 

AUPAR( Z~l 4JPAA1121+4:)PAqCle.1 

kt;AI) WflGHf MAf .. J,; fUP: ~IYE~ !J lolt:'tl4Tl u ~ i;iAO(A"!ETEW:S 

t 1 S OD 13 ~ I l "'1 , z b 

[HJ l3'5 l J=l ,.?~ 

lHl POCS,J) "'O. 

lFC INO 11 0 )-5'2 I llC>, l Jh, I H1 

D!l READ ll.l IPtJl l,J),J;l ,lll, l = L,?lt 

tHJ n1 J=t,n 

1)7 PC:tJ,11 = PUll,J) 

LlO l 3~ J~ I. 2() 

P(1 t J • I I "' PO I l 1 J I 

GO TO l'-l 

l)·~ lfl11'D,lO)lliqJ,L.r.l,lVH 

l )91 NC ,J "' 0 

l'- :..l Rf4.0 ll.II ,JL,PO Cl l,Jll1r2,J2,Pn111,.J } ),IJ.J\,Pnl , .,.Jll,J'i-d.ft.PO 

P;.HJL,ltl I PUfIL,Jll 

POft.l,JZ~ 

~OtJl, I J• 

131 M:>ve rerra.:-ti.:.:i i;aram~~~rs to crient~ t iu; 
pararuet~r matrix. 

I '> 

I 1l 

I '4 

I 31-. 

I 40 

144 

'" 

l4 7 

14• 

l ~I 

rajhns (<,w, le, g;iy) . 

If Option L !.s grt:'at€':r than 5.-' 1 rei:u ir. o:>r.~tre 
upp.?r tri~'lg·...1Lar p:.rt of PO 1'1"1 tri x \22. xlZ J . 
(Note: Elem-?nts er inp..tt PO cnatr l A: m:..st l:t• 
arranged in asctmding: L'rde r eg. (1 , 1.~ , 1 1 C) , ~l,3) 
• • • ( 1 I lb) I l ,!_ 1 ::! ) ' ( ::' '3) I ( ~ t ~) I • • • ( 2 I 1 t;J) • • • • • ' 
Read ln uppe r tr1.ang•.Jlar part of refra-:t1cm 
parem~ter v -:- lght matrix. 
Rest.J r e S)'lllDletry t<' both 111at r lces. 

1'>2 If less than full PO io.atrix, r ead in n•_;_mb e.- r cf 
cards 1rn11cat.?d by .:iption 10. all ca rd s m:ist 

t sl be rull. 

l Sb 

l 57 

158 

NCO = MC.O + l lb l 

1Ft~(O-lfllDl10Jll't011'tl.l"tl lbl 

JEMf»ORAMllY STOAE REFRA.l.fl!JN WEIGHf •u.tAIX .. REPlACE WllH .u=N.os .. 

lltl DO 142 J.11 2J,2b lb3 

Pn«I,JI a O. I&> 

[FI JNUI 11 >14l, l"'t4, l'-3 ,., 

( >tEAO (Cl'OWN ST.ul .. ElGtH Mlt.T~JI(. 

TPAOCZ,1) 111 JPAOtl,21 170 

loft'- IFllM044tl)l .. ~.1•si,1i.s lH 

C RCAD (QJO•O~ PLUE WEIGHT M.UR(X, 

l 12 

JPll2.ll =- Tll'llt,21 lf) 

Figure 20,--Contlnued (page 4 of 57) 



C kl:.AO \IU"46E-~S FUH SlARS .&,.0 OR Plll.TE P L. l"ITS TD BE AEJECTEO. 

L'rlJl l S .s C 

LP • 0 

IF(IRE:J.~E.01 PR.l~T 112t 

JFt lli:fJI l'•~],l<tb7tl<t~] 

l(f5 l RE 40 1135,flrilll.EJ, I HST 

1 ~• "t~EJ- 10.:ioo J 14')5', l'-63. loti63 

l"~H LS -= LS + 1 

HI LS- lOO~ lltb.Z rlltbZ., 1~~6. 

llt~b PRl~1 ll3b 

t<t57 R{;\D lb,lff:ST 

If I I HST I 158, l°"'H, ti;8 

l'tt:i.? NRJStLSI ~ NMCJ 

PiRPllT l ll8,HJl:£J 

GG TO l'-bb 

l4t6) LP a: LP • I 

If l LP-200 11464, 1464, l't~b 

\liob.i. NRJPI lPI : NREJ 

PAP\lf 11.JCJ,NR EJ 

l'rt>b lf"(1TESTJl.,b7tl45!i,1""67 

i<tb1 tFllNOtblll468,l4-bq,l'-08 

fliAO SUrtS TO BE USti:J lN Ml~J"4t.Jl'f SUL•JffO~. 

1469 MINS = l""Dt6) 

kl:AO llJ3,,IJlflf\ISTAR.l ll,.=l,"llNSI 

llob'i "'02PIS ,.. 0 

~09P TS 

NOPPTS • 0 

Niii iN • 0 

IZEAO • O 

NP~f8 o: O 

P\IPUSfZ 1:t Q 

NPOS.T8:. Q 

NVfNTZ•O 

"l\IENl8•0 

14iol' lftl~D,JI 115"0.tiC,1!'.lSO 

READ ANO SfOAE STAR COOROIP\IATES FROP'I S.l.lR IOE .~llFICAJlON l"'O UP04TE 

C PROGIU.>4. 149'PAitENT POSITIONS' 

l 76 

171 

l 78 

179 

1 80 

Lal 

18> 

181 

1'4 

185 

t•• 

l•• 
197 

p~q Clear point typa counters. 

200 

201 

202 

201 

204 

ZM 

206 

201 

20 8 

20• 

210 

liltd A.f.t.O l J,&lPHA,OELJA,PAilPtfAi( L rl 1,PAitPHAf z,zi tPAlPHA( t,z• ,NOST ,NPTS, 21 l 

l "'C&T 212 

PALPH&l2tll • PALPHAI l,2) Zll 

IF t"OST )1S2lt l52lt l54'1 21 iit 

150 RE.\O l4io,ALPHAtDELTA,N lJ ST,t.iPTStfriCU Zl"i 

IFt"IOS.l)l'!>J,lSl,l".iJ Zlb 

L5ol ao 15Z 1.-1,2 217 

C>O 152 J:r.1, 2 ZlB 

l~l o. 

lSll H0'3PtS : "108Prs • l 

ll• 

220 

Fi~ure 20.--Contlnued Cpa~e 5 of 57) 

73 



74 

GO 1 0 l';1t6 

l '> J on l ~"' I• 1 . 1 

OCl I 51t J a L, 2 

PALPtiACl,J, a TPA IJ (l, J > 

I Ft N1JSf- .... RJSC 11) l 54';, L54 'l, l ~., ') 

J Slol 

lHl l'J"'- K• l 1 'I 

J.'AL.Pt-tACJ,l'.J a O . 

"4t..H PTS • ~U1PT S + l 

NU' f • - "i!DS t 

(..0 ro 1~c.b 

lSlo :J CUNJl~UE 

l~• J ~ 11]P'S a Jiltl.llPfS • I 

1 'J .. 1 U4 1 l.,41 6 I• l 1 "'I"'~ 

t~-.'i CJ~Tl .. Uf 

I U I SK • 3 

IHA U PLATE "'fA~lJ.:tf,lllfNTS fRCM C. UMPllUT('ll 1i1:t ouc.no~ PAl)GR4M. 

l'5"l l ki:6U I ~t lll 1H Y,Pl( 11 l I , Pltltl I ,Pl( \t 21,NQDT 1'1 UST, 1H l,ltE 1l&S,Pt 

NPP•flllOUCa.OPT, 1000 1 

lf:(IJ.HSINPPJ - '11.,.P O l 15~"•1'> 5 2,JS. ~ 2 

GO ,0 l'-~O 

C.U TO l ~,,O 

1~ ~ ~ 11tPP • l 

l~1 5FtLA\TPTl18•.l!>ll ,U4r 

CU 10 IH 

UO PL12,U • Pltl,ZI 

GO TO 161~ 

16L OU 162 l•lrl 

UO Ul J•I,? 

lOl 

1~2~ lflLPll6J.lbll,l61 

l6J 00 lO)l l•l1lP 

IFCr-.OPf-JtaJPI I l•Lt>Jl1 l6lO,l6ll 

1630 IPJ!li • lPTS - 1 

GO TO lbJJ 

HI 

zn 

zn 

,, , 

121 

,,. 
l 1 q Type 8 point s iden tifi ed by ne gat ive s t ~il' n 11 ml •Pr. 

lJ' t ype 8 po i nt 1 s~t star w•: igh t. mat r 1 l t" 7.~ T '• S 
1 10 Pt nd a dd •.me tc t ype 8 p o in t f: ('t unt. 

111 

1 17 

1') 

" ' 
Zl• 

l ,1 Cn.t-'= k if star tL !.: e .;sP j i n m1n lrt1 1'U 5 l ~l t . ;. 

lH 

2'0 

,., 

2411 Clesr pla t e p.:i l n t co un te r . 

1'1 

lB 

Determi ne orientation o f plate observat l un, 
(Pre, Pos t o r Event ) . Adc:I id '!nlifi c &. t i un t · 
plate Q&ta. 

Ai:.1c:I t 1mie co rrect ion t c 9iderea l t i mP {rad lain.s ) 

If observational data is out o r c rder, print 
error .... oage ERRvR l - St~R llUMllE!lS w lklT AGf<U 

l"' aru~ l"J XriEM il( 1 PVIrr 'JUMB~ 1.u.. Cl ear 1nt:"4l 
and go t o ne zt problem. 

lOO 

2•1 

ZfJl Re sto r e symmetry .. 

ZOl 

1•• 
26' 

16C. Se t plate vel.ght equal t o common weight. 

2•7 

zoe 

l10 

lTI 

Figure 20.--Contlnued (pege 6 of 57) 



l1l 

I f "1l"l1"U"I S.Ol•JflO'll, $U kT OUT P Jt·el'i TJ tH U<::i.t"U Af'il) PL4CE •f 

fH.u ( Mo1Uot1~ OF LI S I,. 

1611 ii..ll[f[l.r.J ~C'Pl,ELX,flVtllPll C1JI ,J::l 0 :?> 0 l:.:l,2> 0 'STIME1LAS.TPT,"'PP 2'1l 

ltd~ ~(.PTS"' NOPtS • l l1t.-

IFt ·,PTS-~OPTSJICJ.r.,lo't,l~Sl l 1r; 

,.1,,Jll 1ao1s111.J ~OST1ALPHA1Jtlfl1<~0ALPHAllrJl1J""l1lltl•L,1.J1IPTSt 779 

Ou I~':. l•l11PfS l "l 

IFfLA S TPT .t::w. l.AN u .1.E u .tPl 'i l L S TS ( ::..., L lRJ 

lR'> Add plate ~hserva.tlon to o ri entati.:;n ty'-e -:c.unt 
separately f c r types ~ a,d ~ . 

286 

>8 1 

?• l 

l "'1 PP Z9} 

IFILA S. TPTJlt>t,,l't"P,lo6 i'95 

l6 ~} 'ljr.J!)PT 'i ~ ~.J!"Pf5" - l 100 

ffACI( S.PA(t. I L>l ~ K 30.ft 

W~ITE llrJIS.Kt "'1UPT1f.lK1tlVoCIPLlJ,K),~:I,l.l,J.::l12•tSflfl4E,l.&'iT'f, lOS 

l NPP 106 

\btt lf-fl"'Olb)llbbl1lO.bl,lot1 0 )07 

c.n r p \ JO )10 

lbt»/ AACJ1;.SPACE. l Jll 

~t:"' INO \16 
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0..f40 ('l I ~ IPT•tl •,EL'r, I I l"t.1,,l •• L=-1,2> r'"' Io ll, )f 1111,( 1LA'ST?f1'-iPP l21 

111Fl:I TE IL) '•hJPt 1El Kri:LY, ( C"'LCK,L I ,L"'l 1)l ,111i." I, (I, ').TI .. to llERJ,N~P 

lbt.4 ~fAiJ I 3J ""ns r I 6.l PHA,l..l~L TA, I c P~l PHA I I ,JI ,J::: I ,l. I. 1- 1,;1, ~PT St"llC"l' 'llJ 

lril'llHI 11 N!lST,UPH ... 1GELTAtl IPALP11ll l1J l 1 J=l1ll 1l"Lin 1 ~PTS 1 "4C•T \l't 

I.JC l6bb l•l 1NPT~ 125 

"?I TE t 11 ~lJ \)I I El • I f I.., • I I .. l ( J ... I I II:. "l I J I • J .. I • ) I • ':! T I "'€ • t A 'i T p' , 11i1 pp 

i.E 111 IND J 

lei "':JPP15.: 'WPPT!) • l 

ltii NPPEJ"' "'ll'Rfl • :'-lPUST.2 • 'llVEflill 

P~ I"'' 11 i.J 

PotJlllllT •l"-lr(Nlti.,.e'Sff~,J : lj., l~J 

(Al L 4..lt Jo [ - • l • - • I ' • l 1 • l o I), '0, 1 • JI 1 • ) 1 1 l t 2 r 0 o l 1 I), 111. 1 lo l o lH75 f - l t J • 

lblH P~P.11' 1016 

l F I I PllO I 7' • 1 7L , L 7 0, l 7 I 

l7J pcq~f L.H8.11~.u; 

1 H NviJ . l2 

Nlh'ENT •0 

P.i.[JPJ:l'EsO 

NUP[)S T •0 

•c• . 0 

If C"4PA.t:2,1,jf .l H,J TO 1712 

l 1l 1 NUO·~uo- 3 

"'I J P~E•l 

lll z IF C "'IP o) S fl .l. f. t IGO rn LTl• 

'11 l NIJ.,J:o."'llJQ-3 

"'IOPOSJ.:Z 

l 7•"' IF l ~VEhlI1 .. C.t. t J GO 10 l 1lb 

l 7l 5 "'IU\J-"'"'IUO-l 

"'10VE'll1 . • 
l Jlb HI t~Oll I l t 72,l 13, 112 

l 7 2 ~\JO . NU0-1 

~IJO'°'Al:.•CIUOPA.f-1 

12 7 

lld 

Jl• 

"" 
'" 
HJ Ir az.1ru ... th-t!lev~t1on g1ver. 1 aJJ r.~ ~c p1at~ 

p:: 1nt r:· .mt. 
lll 

Prlnt point a.ni.1 star i:r.,·mt~. 

Jlo 

"' , ,. 
''" 
!40 

J• l If m<?a.n E!rrcr C!f unit w~ight gl ven f .: r yr..:. bl em, 
set m=t.- given value. 

H1 S•t lnt11cator t.::> compute 'll b•!o:re starting 
reslaus.l eyole. 

U l 

34~ Prtnt number of iterat1.::n.s 2!1r'l.imJll s~:l 1.ltlo:-i -will 
tc restrt::ted t.:i in the prcblei:c . 

••• 
HT 

1411 FVnt n.-.m~er cf tteratLr.s ma:tim..:.n: s_l ... t1cn \oitll 
te TPstr1~tej t.: tn the ~r.:-tle:.. 

l~\ 

lH 

"" 
)60 

161 

,., 
361 

, .. 
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173 00 If' 1•7.lo\ 

ffi,OCl 1 I tJ l T'S,l 75, ll" 

,,, N(JJlll. ltCM. l 

11' CONJ lllUE 

DO 1152 lal•• 

IF(,0(1., I ti l?SZ, l 752, l TU 

lf51 JIKNlll• ... l•l 

11'2 CONlJNUf 

00 ll5<\ l•l!hZZ 

UC I PO I I 1 I J H ''"• l lS°'' 1151 

I 1' • COIU I llUE 

11111(. • ICP"'E~$J fSQFlTl TEllltP••U 

lllF • C9 • SOlllllt TE,.Pt 

IOL l • TOI.A • C.6i 

PlilCS • Al$CC•llSTAl2)t•C• • C.&•SIACl,•t5 • CAIUT&(4t-C.6 

If l CA.II ST At l t • l 1 It l ' ', l 7 9 

l 11 PHICS • -~MICS 

lf' Sl•PHI • $INIPHIC.St 

S IG,..A( • O. 

COSP~I • COSI P~ICS I 

Yl Y'Sli,llll•O. 

Yl•Su ... o. 

EllllSUlh•O. 

H YSUIO•O. 

l'CYCU • O. 

RCYCLE • O. 

VCYC.LE • O. 

AEIU~ • Q.,. 

RCC • Q. 

TOLMf.T • O. 

Vl • O. 

Vl " 0. 

Y) • 0.,. 

00 1790 J•l .J 

SWOVIJI • O. 

1790 5WOV1tJI• O. 

tlfll•O. 

P•!u.._L • O. 

~DIV • 0 

""'S • 0 
• ,,., • o 

LSI' • I 

(CYCll • O. 

00 t7'9' 1•1.Z6 

1191 OHLDfl I • O. 

L 1•1 lfUttc.• uo, 1•0.zs1 

110 00 UOZ l•L.26' 

166 

167 

168 

169 

HO 

lH 

HZ 

)1) 

)74 

JU 

)16 

111 

ne 

JllJ Compute veather constants for rl!'tractton 

l&< function; tfK•('' P/r•. 111.r• r"' . 
J85 Convert to radians (retraction tolerance and 

116 Station coordlllates). 

JU 

lH 

189 

HO Sig• cycle indicator. 

)91 

)92 

JO) 
Plate residual sums 

19~ 

Plate ••sut"ement .tWDs. 

)ft Pre-run c7cle ind lea t or. 

J'91 Rerreetion eo1111utation c7cle indlcetor . 

1~1 Residual c7cle 1nd1c•tor. 

199 A z.1muth-Elevat1on cycle ind lea tor. 

400 Retraction ccerr1c1ents computed cycle 1nd1cstor. 

401 Preble• tolerance met indicator. 

40Z Plate measure111ient pvv 1U1L. 

•Ol Star coordica te pvv sum. 

40o\ Orientation pare.meter pvv sum. 

•05 

•06 

•01 

•OS 

409 Previous level of res1due.l.t, 

410 }(umber or divergent steps counter. 

O' lumber or observations usad tor star J. 

4 u Nuaber of iterations, 

•I) 

414 Combined solution cycle indicator. 

.. 5 

4ile1 Total cc1'rect1on vector~ A( fl'•') .. , 
.. 9 
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l801 

DO 1801 J=t,26 

RN( J t J) • 0. 

CN4 II • 0. 

1902 DELO( ll • o. 

POSVXzO. 

POSVY•O. 

181DNL•O 

NJ • 0 

NUI • 0 

NUSfO a 0 

ACYClE • O .. 

AERES • O. 

DELLSQ • o. 

420 

't2l Reduced Normal Equation Hatrix. 

't22 Reduced Discrepancy Vector, 

423 Correction Ve ctor-. 

42' 

425
] Sums of positive and negative plate 

4t2h residuals. 

421 

428 

•21 .. lO Observation counters. 

431 

02 

oltlJ Azimuth-tlevation cycle indicatol"'. 

oitl .. Azirnuth-(levation residual cycle indicator. 

't!5 S\lm oI' squar ed plate residua;ls. 

SlkPHT -z SINIDPAIU22), oCt16 

C.OSPHT ~ COSCOPAfU 22) 1 4137 

Js 1 't38 

COMPUTE orRECT [ON COSINES. COMPUTE ONt: SET fOA. E4CH OR.IENfATJON PRE. 

POST ANO EllE,..T. 

00 l80) J-=1, l 

SIN.Al( r> • SIN40PAR(JIJ 

COSAlCll • toStOP.lilllJ•t 

SIN0'411) a SJNCOPA~CJ .. 1)1 

COSO"I I) • C.OStOPAIHJ•ll) 

Sf!'rOlAI t I Sl!ltlOPARI J+2 I J 

COSKA(l) .. cos•oPAIUJ•2)) 

A(2,JI •-<:OSO•C I l•SlNkA4 I I 

= SCNAlll)•COSKA(l)+Ca$ALI l)•SlNOJIUll•SJNKA,1) 

AC lt-J•l I •-COSAL' I >•suo:.A( I )-S.INALl I J•SINOJllll 1>•COSIC.A11) 

AC2,J+l~ ~ CDSO,..tfltCOSKACll 

AC 1, J+2> "' SifitALt I l•CDSOHf I J 

AihJ+2J • C.OSALll)"COSDMlll 

1803 J• J+3 

440 

4'1 

.. z .. , 

.... 9 A1 '" ~ t(J.Jc. s1ltM - $/n-. .tin w cos It 

.. SO 8.1 r ~tJStJ &'1S ~ 

.. 51 c .. • sin.c: Jil'llt ... C'OS< Jl'll"" COSJ!t 

.. s2 o = .Jin.c. cos"" 

453 £=3/l'lt.; 

Prt Post Event 
A, 0 ! A, A, D f A, 

C COMPUTE Olll(;IN OF OISfOA.TION CURVES .. A • r: B, £\ /J, B, £ i 8. 8, £ 
;, D l 

c 

XS •OPAafl5)+0PA1Ulll 

181 lFIJ11PfSll8 ... Le2.u1e 

182 DO 1821 1•1,2 

DD 1821 J•l,2 

1821 

nm~ I ,JI c. a. 

l8t2 FOUA.lJ,l t • O. 

1821 EIGHTlll • O ... 

v 18 • 0 

c, C', F j C, c, f ! c, C, F 

%3. J:/I ~ .d~ 

y, • y~ • .Jy 

458 If first observation of star, clear arra)'Sj 

•S9 11a 11, rza;. 11~ 11 11,,rz,u). <11a11.J(11;~11.·e.t 
460 (Ufl), ll;'llll (z11). 

••I 
••z 

••• 

••• 

Figure 20.--Contlnued (page 10 of 57) 



lft SlGM&C.EQ. t. I GO TO 1142 467 

READ DAU FDR ONE STAR Fll0,111 .STOIU~E. ADO JO D8SER.V•TIOl'll ,t.J«) UNIC.NOWH 

COUNJ. 

READ Clt JrilOSTtAlPHA1DELU.,ICPllPHl(S,JJ,J•l 1 21 1 l•l•ll1NPfS1,,.CAJ \61;l 

lflPALPMU l ti I I 1841184, 18) iCt70 

lBlfrlllit=#oll:•Z 471 

NUX ~ NUJI + 2 o\ 7 2 

RUD Pl•TE COO~DlUTES FOR O•E 08SUY&TION Of STAR &LONG O!TH we IGHJ. 

t SID E ME&l T1Mf AlltO otllEltilf&Tl(JN IPRE, P05t, 0" EVENTI. 

184 IUAO 411 JIOf'l1ELJ:.,ELY,ICPUJ,Jl,J•l121,l•l•2) 1 STlirt!EtLA S JPT,NPP 473 

lflf'AlPHAlltllJl842,l8o\l,U'rl o\74 

ADD TO OBSERll U l OH COUNT. 

C()l.REC.l LX lllfA\UREJllllfNf FCJl NOJlll-PE•PElfDICUL&IUfY .. 

OALAST•O. 

£LXSST • ELK • El¥ie()P&•H 10) 

ElYSSl • Et.Y 

c 

C CC»09UTE ANO CORUCJ FOtl DISfOUIOlo AT l• &Ol(I LY. 

c 

HCJitJ • 0 

U, 02 • IEL•'SST - KSJU2 + tH'PSSf - YSt••2 

Oft • Dl••2 

DftaOj • OPll.ClTt•DZ + OPA RC l81•0~ + OPMl19)•06 

ELICSST .., Elli - OflRDI ., fLASSf-XSJ - OJtOSP + ELY•OPARI lOI 

EL'tS.S f • fl'f - DELRDl•tEl'fSSf-'tSl-DfSUeP 

C Cl'tfC9( OISfOflllON lTERlflO-. fOLERAJritt E . 

lf I l8S C OElROl•SQR. TI 02•-CKllAST1 - TOl.D) l 86 l , l 961, 1862 

l8b 1 IF t A8S{ DEL TAT-DflAST t-IOLOJ 186 1 l 861 1801 

C SET LX ANO l'f ~QUA.l TO Dl ~TOR.tE a OIS?ANCES ANO GO TO RECOMPUTE 

DISTOlitTI ON .. 

l86Z DllAST•DELTAt 

1 
ORl AS f •OELROltSQA.l C OZ) 

lflH(HT-'J 185. l86), 186) 

415 

411 
Cl e ar di stortio n toleranc e c h eck. 

478 

479 .1;,i ::: ./.r..., ·~£ 

480 

48l Cl e ar d i ato't"tio n i'te t"d:t i on counter . 

482 d,,_
1

• (.1; .. - z.J'. ~ -,_)' 
483 Inc r ement dis't:o ..,"tion it"era:tlon c OW1ter. 

485 

486 ~R /~ • K, a:. I' Ki Cf.: 
4 ~ K, d,/' 

481 i!r z- I(_.~· - K~tl./ 
488 OCON/• :t(i;,.-z.)'fti/•1 

4 8 9 (>(ON .t ' .tf~ .. • y,)'/ #',;. • 0 

4QO OCON J • :tr.&,- z,){.l,i. -tit) / ti) 
4~1 l!Tj. : tJr (DCON3 t~IP,. • O(O#l 1i11 9',) 

492 4r • • 4T { oCO/'I I CD6V', 'DCON~ linf!.) 

49J .&; : ,&.i. -JJRl<f.(.i;,_ • Z.) - JJT~ • 4..- l 

494 ~ •.IJt,: -IJR/~,,.(4,-!bJ-ATy 

495 Chee}( i f r adial distort ion change is les s 
t o l erance. 

496 Ch eck if dec e n tered lens d i stortion =:- h ·H\ . 
lees than tolerance. 

498 

499 I f more than !> i 'terat i o na , prin't poin't numbe r 
a.nd continue pr o blem . 

Figure 20.--Contlnued (page 11 of 57) 
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80 

LSt>J PR('°'t1 1121,N OPT 1 0HRU[, llF LTAr 

f ll k l\Ll C\)'S fl-IYAl IU ... S Uf $f41t J lF'tlR fl-it flll'~l1 rlYPli)S CO,.,.PUTATJ,)~ 

AVPA.lJllUU.flOt.1.S H l ALPHA .\""I ) Di ll~. ~d Alf:'HA STAR t!;lJAl TQ .'.;('Yf't 

Al?l1.6i A.NI) GU 1 iJ l 'B . 

(.U fC I qJ 

I F l...,PP.E<J.ZJG) f'l )QtJ) 

II . 1 

JJ 

GU TU I "<;I} 

l ~q l 11 • 7 

JJ.,.q 

t,J IU t-l 'n 

lall l II='-

JJ=b 

C!1.MPUTE !J,l.:V./UIRLl COORiJl1'1.ATF) U~:dNG APPiH)XIJ!IATJU!iS ro UR IE...,Tll!)'t 

lBfJ) E:LUlYHll :::- fll~ST-OPAR(LI) 

t:L.l .. XYll[+ll: tUPAR(L)l/OP1H1(li.,1••fLYSST -·lPA ~ llZJ) 

ELLXYtJJl • {] PJ,Rl131 

L IJ94 DO l (M!> l = 1, J 

S~ALLU' l I "' 0 

~SI ,. S14ALLUC 1 J/S)4ALLUl \I 

E.fA S•01LLU{ l l/SlllJ&llU( 31 

ZR • AfANITAN!I 

BEJA• 1HAMlWF•J-,HU 

UP!t8 • SlNhlHA/2.UC. l)SIBt.fA/2.1 

lD 111 lA. + ZETA 

ELEV • I CCl0/2.1-lOt/C.4 

COSlO s CCSflOI 

S.tNlCl • s.IJrHZOJ 

., 0 1 ('heck for fir ~ t -'Lservation of star. 

">J) 7 rheck star type. 

'"' 
'50"' If MINI.HUM '.::·01° .. tiori~ treat all unh 10wn ~ t.:tr s 

PRE c r ientation. 

50•} 
PRE 

so• 
star. 

'l 1} 
EVENT sta r. 

"' 

SI "}POST star. 

"5 

SI o 

51' 

5'" 

>20 u •(.&;-il,.)A, •Cc/(y{4,;1 -y~)A, •c,, D 

>21 v=(/.r;-zp)lJ, •Cz/r;1 (4,'-y,.)81 •CzE 

sn ot = /'li:-xp)C, •C../ey(4: · !l;)C, 'C. F 

511 f,, = u/., 

52• 'l• • v/w 

'25 l11n}• '(f,.' •'l:) ~ 
5 2' 

'21 

'7q (1111;1 =(T>,/1')1.nJ• 

-z• (= 1' °'w(r, Ian,#/; • T, tan',#// 'r, fa11 1,4/.1 

BO • r, tan',# /.1) 

531 J • • J" • r 
" ' 
5)3 ... 

Figure 20.--Contlnued (page 12 of 57) 



:a I "o'l,J/(US.DI 

lL.J"F''Jr t Al I ~Ulti. 

l. ALL A.1'11.-l t I [ f .l ~IC~ I 1 Al J 

Al = ~l • { t r 

(.~r'.)Jfl .%. ( 15.I H:l TA I 

, ,_ 1c l no 

C (UMPUH. HOUR A~GLF • 

l q l HP M. I = 'SJ J ME- - Al 5 f Aloi. 

( JS.HPR,. COS.1'1.P~ll 

CUSDE:l COSt.JfLTA~ 

••o 

'>4'> 

14 7 

..,~q cos,'coil-I':: CD.5j• cosp ".sinJ• cos A sin§' 

5'°10 cosi' smH' = $1lt J• 5inA 

"1 /on H · • cos i ' sin H '/cos i 'cos H ' 

~5 2 a: ~ S. r...., - H ~ 

"' 

SSn 

S'7 ""•' ""'- .Jl,- cos,, cos;.{' uci' 

s.:,f! 6 ' 6' - .JJI" co~ 9 sinH' sinO' 

,., 

Al.JU OIUR~•l A8flolQATIUN TO MJCHT ASC.E'l.i110N a•m UE:CL INl\Tll:ll'll. 

HPIU .. H l"'E - 4LP'lJ 

CllSHPR CUSI 11PR I) 

S.l"IOt:l ~ Sl"tCDH.PR I I 

COSOEL COSIOELPfU I 

ZLAST "" O. 

5o1,~ ..:. '= ..c" + .3?/' cus91 cosH's~c i' 

';ibb I(= o .. JZ~ co.J~ .s1nH's1116' 

st11 H'=sr_. - ot:' 

5b8 

570 

SH 

572 Clear refr<H:tion tol<'ri'l.nce ..:h 1~d. 

Figure 20.--Contlnued Cpage 13 of 57) 
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82 

TANZO • SlNl/COSl 

CO,.PUTE Af"OSPttERIC REFRACTl0"4 U GIVElt lEP\llTH OISTAMCE. 

190 BEJA • ATAN(WF•TAJiliZOJ 

TANS • SlHC8EU/2.JICOSIBETAl2.) 

lO :z: Z - ZEfA 

CHECK REFRACTION TOLERANCE. 

UNlO • SlHUOl/COSllOl 

DZR • A8SIZEU - llASfl 

IF40ZR-f0tlll92,lcn, l91 

l'IH ZLAST • ZEJA 

lf TOlERAPfC.E NOT .. ET GO TO RECDMPUTE ltf:fJUCTIO,. WITH CORRECTED ZENJTH 

DlSJ.U.CE 

c 

GO TO 190 

C ADD REFUtrlOH CORRECTION TO RIGHT ASCENSION ANO DECLINATION. 

c 

SINQ • SlllllHPA •COSPHl/SIHL 

SIMOU • Sl•IDELPRI )•COSIZETAI + COSIOHPRll•SIHIZETAloCOSQ 

C.OSOEL • SQlilT 1 l +-S INOEL••2) 

OElPRI • ATMUSIMOE.LICOSDEL) 

t;ALL ASINCJHIOL11tOflHI 

lfC PCYCLE) 194, 194, L97 

(. lf PROM.EM 1HRAYICWI f1lllRANCE HAS tJEOf "ft, STOlE CONPUTEO O&TA OJ!i 

C DISK FDA. lAffA USE IH COM PUT lMCi VS. .. 

sn 

'75 

Slb 

577 

co3 z = sin & 'sin,, f cos I' ~os H 'cOJ JI 

sinz , (t- ct>s 1 z)Yr 

Ian r. • Jin -i: /Gos z 

na lan,4 •(r ;.,/r) tattr 

H9 ( = T 7, W{l', lon,4/L • T, la11 ',4/1! , 2'., llJn ',d/J 

580 , r, Ian~/.!) 

581 z' = Z-( 

582 

583 

58• f• - ( •. , ~ to/. ( ? 

585 r. - r •. , 

587 <"D•f • (si119-s;,,,r'co11)/1:tJ.Jl'si111 

588 sin'{' (sinH'cos,,)/sin1 

S•• ~ntf,. • 1in6'cosr. • CflSl'sin(. ""''l 
590 CtJS<f, •(t- lin

1 tf,)lt 

§91 

s•z .JinlJH•(sin'I sin (.)/c.os4-

so 
5'94 H, • HI - dH 

"q5 Check for PRE-RUM cycle. 

•ci6 Check for Rl:FRACTIOM comput.e.tion cycle. 

591 Check if problem tolerance h~a been nle"t. 

l9b WRITEl2) tl.1C,ELY1t•Pl.ll,JJ1J=l.2t,J•l,2•,'lrllOPT,fL!CSST,El.'f'SST1DTSU1P '5'98 

c 

l" OT CO SP ,H8Alt., DELPA: t itDflltO l ,Pl!IPP, S Tl l'IE 599 

CIJNYfAT RIG .. U lStE: .. UON AND DE'-llflilATION ro STANDARD tOORD(HATES. 

C.OSHPa • COStH8AIU 

COS la • S JtilOIEl •SI JtPNI + tOSDEL•COSttPR•COSPt·U 

U A • -COSDfL•SlllHPR/tOSZO 

IElAXUtl) • ISi 

•01 

bOZ 

601 ('tJJ .z,. • 4in 4r .1inr t Ct1' Ir C'PS ~ C03'}' 

b04 'l• ,(-cos 4, sinH,.)/ctJ.Js, 

•OS {, •('"'" sintl, - '"'" cosl, co1H,]/co•1, 

606 

Figure 20.--Contlnued (page 14 of 57) 



f:fAXSIC21 •ETA 

ETAXSl CJI • l. 

C. COMPUTE DISCREPANCY VEtlOR. 

198 IF I HJ NSOL .E Q .. 1 .. 0..NPP. EQ. 31 CO TD 1981 

IF(NPP.fQ.2J GO IO 1982 

II - I 

JJ - 3 

co TO 1983 

1981 11 - 7 

JJ .. 
GO TO 1qe3 

'982 fJ II: oft 

JJ • b 

S,MAllflllJ) = 0 .. 

YI c OPAFU llii) •SNAl.UU It• l I /SIOLLMC JJ I •DPAR C ll J .. DEL lllDI • U:l Y SS T-YSl+ 

lOlS INP 

t OifFERE...C.E &ETWEEJrit -.E ASURfO AND COMPUlED PLATE CODA.OllOlES 

DIEllt t • EtJC - XI 

DEllt21 f:LV - YT 

Jf Al ELEV R.ESlOUAL C.¥'CLE, GO ro ADD OHSERVATIO" TO PVY Sulit. 

C. JF IN PRE:-RUN C.lClEe GD TO WRITE STAJlSllCAt. DATA. 

199 lF I P(YCLE 1200,200,101 

IF IN \1- CTCLE, GO TO S~ PVY AttD PRl•H UATISTICAL Ot.Jt.. 

200 IF£W'CYCLEnoz,201,102 

2DZ IF (PAL PHU 1t11) 2ozz, 2022, 2023 

202) OELLSQ;,:; OELLS.Q • OELl•tl••Z • 0Elll21••2 

c C°"PUTE AUX1l.URIE5 fC. oeSERYAtlON EOUAJ lONS. 

20.l.2 C::lltc:llHE • tU - OP1U.Clllt/OPARllll 

ClRJWO • IYI - 0"M:IUJJ/OPAA•U.J 

CIRS:lk • C.IATlllO•A•l,JJ)-ACl,ll+ll 

COMPUTE COEFFICJEMTS FOR 08SERWATION EQUATJON IUTRJX fa. Al.PHA lHRU 

CT. 

b07 

•oe 

610 If IHNIKUM sol.ution 1 treat all stars 
as PRE orientation. 

•ll 

012} 
PRE star. 

bl3 

bl~ 

615
} EVENT star. 

6lb 

bl 7 

6 lBl POST star. 
61qJ 

620 

621 

•22 

b23 

bl' 

•Z5 

bl• 

b27 

628 

b2• 

630 

m 

" 
1 
JC; 

!I; 

:. (,. A, '* rz,. 81 ._ C, 

:rf~ A, #'l,. 81 .,C, 

={,O •7,l • r 
·{re. m/'{) u,J{1 •(4R/4:J}-{ :i::,(4RIU;)j •llli. 

-4 .. ' 
= {(~ n/1) • y,jf •(till/~}-{!lr (<jll/d.i)}-.~7il 

Af..o • ,J.M.;, - i.;. 

41!1; 'Jlli. - y; 

631 Check for AZil1UTti-ELE:VATION computation 
cycle. 

6 32' Check for PRE-RUN cycle. 

613 Check fot- v-cycle. 

614 If known s'tar. add t:o &Wft of squared residuals. 

635 ,Jfi.;.
1 

, A4f - ItiJ' 

6)7 0 • (z4 - L,)k, 

638 © . (11.- ~)le, 

•3• 0 =0D-A, 
.. a © ·0•-o . 
.. I @ •©D-4, 
•~2 0. @£- ~. 

60 ®·@lJ-08, 

Figure 20.--Contlnued (paqe 15 ot 57) 
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c 

oo 2021 l•l,2 

00 2021 J•l,26 

2021 80(1,J). o. 

lK•I NPPI I 

!NOINPP 11 

801 l.JJI • -OPAlll lllOCIArWD 

801 l.10) • -ELY 

eou,1 .u • c1--.0111E 

eocz .. lz) .. i. 

I Ft INOl 1> t204.Z0.3,Z04 

20) 8012,141 • tllUWIO 

GO TO 205 

204 801ZtlU • CIAlWO 

C lf IN UlMUTtt-ELEYATtO.. CYC.LE1 ~O TO f(IU~ Q6SERVi\JIOpt EQUATION fUTRIK 

205 lffACYCllE J207,Z01,206 

206 

00 2061 J•l ,2 

2061 80t.UlCC 1, .11 • O. 

i;o fD 217 

c 

C COIOPUfl CDEHICIENTS fDR OBSH'IATIDN EOU•I ION "HRll FCA OELT• l 

C THRU PMl-T. 

c 

101 El.IXS • fl1$ST-l:S 

U .. ¥YS • ElYUf-YS 

U • -OPUllll/S ... llMIJJl•CIRfHR 

El • -O~ARll31/SMALLM!JJt•ClRFOR 

DY • -OPARC141/5,.ALUUJJl•CJRSll 

E._, • -OPAat 14 t I SJla\LUU JJ t •CIA.SEY 

If I M!MSDL I Z 1Z, 2011, Z l Z 

BOC Lt U) • -El TYS•I ELOS•PIROk+iPAllOT•COSPliTJ-Z.•El.llXS•C tOPH:CZO I• 

ll El.•• S••l•) .. •El Yl'S••z J•OPAA ( 211 '•s lltPH1'+2 .. •fl l.XS•U. 'f'l'S•OPAA.t 211 • 

ZCOS'Mll 

BOCl,lll • BOlltlU+BOUtl~J 

BOCZ,UJ ,. 80C2.tl'l•60ll,l6• 

644 

645 

040 Clea r array &.fNU) 

0•7 (J._ A, = - c.(0 ·C~H!)) 
645 a ... "· • c.[(1•0')3inM -©·@cos.ll} 

••• 
650 s ... tJ., = -~[(Hi)')m.1t - 0-@sin.1t} 

051 

652 

""" 
c, • -c,@ 

653 ~ u, = -.1.,, 
65• a."" H• • I 

655 a... Ii. ·0 
650 0... Ay =-c,.(0·© -©) 
651 4. c, cr0 
658 ..,,,,,. Iv • J 

659 Ch eck i f Cx eq ua ls Cy i n &elut i on 

600 a,,. Ii, ' (j) 
061 If "• ~ t;- s et: (j• · If C,. -Cy s e t lir f: 

<i¥ . . ... 
662 

661 Check if AZHfUTH-ELEVAT ION comput:ation c ycle 

6bft Add 2 t o ob aE! rv ation count 

066 

067 riea~ .. rray a.'~ fritr) 

608 

669 

670 

6TI 

672 

67) 

6H 

d, 

d, 

a., 
a., a., 
a., 

. 
""·~ . x, 
.4;-¥. 

IJ, •fc,/vJ0 = - .1. 

r. •(c..1,J© • -K. 

£\- ;(~lf{)(j) • . J, 

£1 •ft,1eJ0 •-Kr 

675 Chec k .for Kl HIHUM sol u t ion 

61'6 Oi • ZK• .,,,,K.~' 

677 f),_JP~J(,.,4K1 t1,.'-16K•4'; 4 

678 & .. P,•-(6R/it,.)-d,1 tJ,-d_.tJ, co•p,-4<h[11', 

67• •(Zd.·. ctr')K,] CO• Ill,. -.-... ex. •(d.' •.J"if}K,],;,,,._ 

650 

OBI D•u Py• ·Oafdr4•0,,in11.,)·lrt.,,{fK,•{.Jd,'"1,'}K1 ) 

682° CO$l'T' - .t~ If, Sift,, 1 
653 !J."'I (J, ·-~(a!.0,<l:J CIJl>~)·Zd• [fl(,•(a; •Sai/)K,) 

68-\ 3HJ fir ., .t d~ d~ K1 COi ~] 

685 

686 a.., fJ, • -(4N/d,;.)-<Jr'b,-d,0, co1p, -Z<la {If• 
u1 .ta.' .sdr')r,] s,,,,,,. - 'dr [x, •(d.'•u;J1t1J~n~ 
688 

08Q &,,_ H, • I • P, 

b•O lJo,_ /¥ ' I • q, 

Figure 20.--Contlnued (page 16 of 57) 



85 

t!OC l, lZJ . 8('11.' ltd 6•1 a. ... '· • q, 
BUt l, 11) . SOI z. 151 ••l ~ .. Ht• Py 
801 1, I l t 02•tllllS .... AiK, "'• = ~~r 

801 2 I l JI . 02•t; l VYS ••• ~ •. "fg :=; dJI ~I 

HIH ltl&I 04t•ELtXS ••• !Jo,, Al, z'4-d./ 

HJI Z1 I llJJ D4t•ELYVS. 6% llo., N~ ' dy a.· 
flifll l, tll' Ob•t: UUlS ••7 ""·· o. • d.t. d.i.. 

trnt 2d'H . Ot.•El YYS 
··~ 

81c~ Ov ' dye(;' 

1:\0( 1, 20• v2•CDSPtif + l .. •4EL10i S•• .?•C !ISP .,.J+ft.X X :>•El v-. S• SI NPHI 9 ••• !Jo •• ""· , c1,'coSR. •2fd/cost{. •d,.dv smfA) 

tWlltlO) 02• S. l,._llHl • 2. •I EL YY ')U 2• S l,_.Prt.hc LI X S.•f l VV S•C OS.PH T> 700 Bo1t• li'y .i cl./ s1,,p,. 'i!(dfl' Jrn ~. • a. dy co; !II,) 

atJf 1 ,211 D4•CuSPHl + 2. ·~u· IHI.AS•. 2•c OSPl-fhH OS•E l YYS •S 1 Lli4P"'f. 101 Bo"• s. , d: cos~ •.?d,1,
1 (<11 cu11. 'dray Jin~) 

HOU1ll I . J'-•S. l~PHT •2 .. •Dl•I H YYS••2•S INPHfHL US•EL YY'S•COSPl-ff • 102 !Jo111 sf = fi..
4 .s/n~,. ., td_/(d/ ""'9'r-,. d.1.tJ~ cos,,,.) 

t:HJ I L .2 2 I "--'Si I lllPHT a UlP A~ ( 20 J • 0 2 •~JP A 'l t 2 l t •D4 I• I 2 • •l)El T 4 T /ill I • C Et I • S • E 101 a • ., r. • ·Slnf',(lf,,d,1 ; ~d,')<i!(I(, •~<2, 1)''1tdj CDSI/,· 

lLY"IS•COS.Pt-tl-EL¥lS.••Z•~)"IPHT I 10• <b' si11~,) 

Hl.H J .21J 2 CIJS.P,...1 • llWA.~(2<1 • •02• JP.illl l l J •~t.. I• 12. •JEL TA f /02 l •lfl"IY'S••Z 105 &-, Ty • COJ~ (l(,d, 1ul',d,·') ;2(11',' If, d., 
1)(<f•/U)S~ -

) •C•H PHT-E l J::X S•fl VY S•5' INPIH I 700 ~d.v .rm,,) 

IFI IUlJllfTllll,lll,lOfl 707 Check if Problem Tolerance has been met. 

lO< J t- IR.C.VClE. I ,2l)Q • .?OG. l 10 708 Check for ?URACT10N computation cy::-le. 

lO·l JF4R.CtJ lll,2ll,2l0 700 Check if corrections to refract ion coefficit::ntE; 
have been computed. 

210 lFtPJ.LPH.l( l, J 11112, 212, ll l HO Check for point type. If type 1, com~ute 
Refraction correction cveffil'::ient:s. 

h)M. TV Pl l PUlfrrilJS IN ~Ef1U,(.T 10"1 C.YClE A"'40 IN V-CYCLf: AFTEJI. COllfPUTING 

CD~MHfl0'1S TU il.EFl<l1C.TLl)N COHFIC.lENJS., COMPUH C.OEFftCIENTS FOR 

l.\U'> P-1 OuSfRVATIO~ fQUATtONS. 

111 f•• z, ' ((,,. 11-') ~ 

712 z7 • 1, [(1 /Ian z,)o ton•, J 
71} -1 'f, (f' /fan 4) • iau, J 
7l<t orrr, -r'>w('-'·z, • 1<,·Z7 ) 

11 s DY'EY • ·T"'IV(.iy Zf •K~·E7) 

BO' 1,21 I U1f:oru~?. 116 Bot, V. •,DIEZ· lt1n/1 

111 ~ .. Vv • QY£Y· Ian;! 

"" ""·· 
lo'. •D¥Cr·t41J~ 

11• 8or1 IVv • OYEY· f411 ~ 

110 t1o., r, •QJ£X·fOn ~ 

721 11.r, .l!I •()YEY· Ian~ 

1l2 81r. r. 'QXE.X ·fan~ 

1l} 

"""" 
r, • orEY· Ian~ 

CUMPUf~ C.Of:'FfltlENJS FOR Al.PHA ANO DtllA AND FD._. f\)C 14Aflitll. 

212 AA.• S.t"'40ELICU'Sl0 114 AA = si"nl,./co.s .t, 

1)5 llB • (~os11/<os'J,)-(·AA 

126 CC •(co& ){'/co• '.t,) 

121 DD_., .Jinj'&111H'/cos 1 zr 

12• a,_ Jx. J,·1·AA • K, ·BlJ 

7l.q s,, K,, J, CC • K1 ·00 

710 a,~ .!""' , .1,. 1 · AA • K1 ·BB 

1ll Bz, x,, • Jy ·CC• Ky-00 

hHlM ANO o\C.tU""Ulo\TE NOR,..4.l EQOAHONS. 

1n 

lH 
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Zl21 t\OA\JXCJ . J) "'0. 

00 Zl 'J l J:l,Z 

21 2 2 a:uuxr J1.H o. 

00 213 J:l ,2 

00 2 ll J•lt z 

DO ll 3 K-=l 1 Z 

2 U 6A:A lJXt I tKI 

Del 2 L6 l =l, 2 

00 2 lo J: I ,2 

DO Zl• Pt.= t 'z 
214 tU.TPRX( I ,KJ 8XTP81C( J ,to + 8XAUIU r ,Jl•BIC(J,)0 

Zlb t'IGt-H(JJ ~ EIC.HTlll • tHIAlJ)(CJ,Jf•UEl. UJt 

217 00 218 .... l ,26 

00 218 i<=l.2 

lltf SOAUX{J,I() • 60AU)((J,KJ + 8 tHJ,IJ•PllJ,K.I 

DO ZZO l'"'l ,26 

oo no J•t,2 

220 CNtlJ = (.N(I). 804UICt(,J)•OElt(J) 

tF4 ACYCLE t2 2 l.Zll,Z3'-

.?Zl HP'TS "" MPTS + l 

lF NOf lASf OBSfRVATION OF SfAR J, METUftN JO READ Pl4T E COOROl~ATES 

FOR NE.Ill OBSERVATION. 

lF' N:PTS-MPJSl222,2221184 

WHfN All OBSE:RVAflOJl!tS Of SfArt J "1AVf 8EU1 ACCUl"IUL4HO, ADO ALPHA. 

-DELTA NEIC.HT M4TRIX TO ACCU•ULAlED BX IOJA.tx ANO orve iu. 

22. 2 DO 223 t=t ., z 

Ul 8XTP8Xtl,JI .. BXTPIU<tl,J) • PA4.PHA(l,JI 

OETB • IUTPBX{l,lJ•!UTPBJi;.42,n - 8Xf98)1(l,Zl•llXJP81'(2, ll 

If ( A6S( OE TB}-l .E-300 I 2:2l,, l24, 2ZS 

22" PRINf l101tt~O SJ 

GO JO 381e 

22S ONEtl,U ... 8XfP8Il2,2)/0ETft 

ON ECZ,ll • -BXfPBX(Z.l)IDElB 

O,.. E( 2 ,.ZI • 8XfPtUt lr 1,/0ET8 

NUSEO =- NUSEO • l 

lF(RCYClE 1226r?.Z6,2Zl 

lf PR08LE"' TOLERANCE HAS SEEN l'I ET ~lilt V-C.YC.LE•• GO TO f.l lMPUH VS. FOR 

(. Al PHA ANO DEL Tl. 

If PAO BL EH fOL ER4NCE HAS "tOT BE l::N •E f l1k I,.. REFRAC J IO"t CYCLE, R.[OUC.E 

735 Clea r a.rra ys B/IJ (t1,l'), IJ;lj (lXl). 

710 

1H 

73A 

739 

140 

141 [11;1JJ.. 
142 

7•3 

,.. 
145 [a;IJ "zJ..- [~.e:~a.]1 ,.. 
141 r1J, [a;~~]._ [ra: I} •.]t 
H8 csJ, [11; i; Al], ~ [u: ~ "'L 
,.. 
750 

151 

H2 [S: ~L 
1B 

75• 

755 

,.. N•[a:~110J.. - I .e: I/ a_ 
1H 1·[11; ~.itL - IB: I/ .ii 
75R Che c k f or AZI MUTH- E ... EV ATIO N comp ut3.t i c r. c y cle . 

7'Sq Add 1 to .Joba•rYa ti o n coun t . 

1b0 Ch eck f or l ast observ a tion o f s tar. 

762 

,., 
1c.1+ [.r a .. ,.~ a.,] ~ ~' 

I 

100 

767 Tf singul a r rn a t r i x ~ p rint err o r mess a~-:: . 

r~e 

10• 

110 

77l 

772 (I} • {[1a.,'~ 6.,]
1 

.. ~,r 
17' Adel l to poin t c..:ount. 

774 Ch ec k for RE FRACT I ON comp ut ation cycl"-' . 

115 Che:c 'lo... i f pro !.ilt:!r.: tuler.!l nc:e has been :-:-.e t . 
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NOJiUUL El.IUATIO~ SY)f[fl! av tt1JrillNATUti.; STAR J .. 

221 un ne t-=l,2b 

Ju na J•a.2 

lH 

DD 2 30 I al •lb 

JO 2JO J•l,2 

MPTS ; 0 

PE .. lNO 2 

JF .~UT LJ.sr SU.II. '°"''° PRCifjLEM IS A "4A~(ll4UM SOLUTION. GO fO itEA.0 J4TA 

Ahl] HitST D~S.eRvATlrJN FUH NEXT STA"t. 

IF (LAST PT ~2H ~ 2311 233 

IF "i\JT lAST STAR AND PRUBLE"' IS A 1"4l'll"'U"' SOLUTION , C.HECX. OEGREES OF 

fi:tb:Or.:'111 FOil UNI.JUE CASE. Nl'iE"i MET, i;n ro 40[) PO TU NQRfl(AlS ... 

211 lfl,...11'i!S.UL>L~2.LB2rll7 

lll JFINU~l:v-l111Ulb~l 18l,2Jll,2J31 

CUfri!PUlt:: DEGREE~ OF fREEOCH FOR PRUdlf'."1, 

C.D 10 2 iCo 

NU • !liiUD + NU)( 

NOT SUFFtClf~T OATA. GO ftl CHEC.x FUW. AOOI TIONAl A.llJitUTH ELEV. 04TA. 

Zlb IF I MllNSOt )ll1,2H.2.38 

ZJ8 P~UNT 1105 

GU TO J6t,. 

AUEOUA H .. '40UNT OF OA r A f'OA S.OL urr O"t. 

2.3~ OUF f\ - NU 

NOF • OOF + L.E-10 

SOML ,. S.IJRJ CVELLSCllDOFJ 

~CJ 10 i .. l 

UNhlUf SULUJIO"t, SET DE GKEES Cf FREELlOlll EOUAL fO O~E .. 

2 .. 0 SUML'" S.QRTlOELLSQI 

241 U·I A(Y(lll1"2,l'4l,21t6 

776 

777 

718 

77Q (4) ' (z/. (i) 
780 

78l 

1R7 

7"3 (4}·(t} - N 

78• (4)· (8) - .t 

18• Clear observation counter. 

78b Rewind t-oin"t data stord.ge tape or Hslo: . 

7A7 Check for l.3s"t star in problem. 

788 Check: for MINHfUH solut ion. 

189 Check if all points used, as set tnl"' p!"'~tlem. 

Hl n • n0 11- n~ ~ n, 

102 U II U·-- • u, 

19} 

, .. " r ,,,. f' n.. ~ n. ,., " • "..• * ~ .. 
79• Check for unique case. 

798 Check ror AZIMUTH-E:t.r.VATIOH cornputation cyclP., 

1'99 Check for MINIKUH solution. 

El 00 Chec k if AZU1UTH-ELEVATION data g i vel'I. 

801 Print heading for AZ I HUTH-E'LE'VATI ON' c!<\l:a. 

80Z Go to compute sumda:rd coordinates for 
AZHIUTH-ELEVATION data. 

804 Compute ,jegrees of freedom. 

905 

80• [ ' ' ] ~ l .r ' I f&.t~ , u~)/~ - u 

R07 

sos I.t' [U41/•41J1]~' 
809 Check for AZ!~L!TH-EL..EVAT!ON c y cle. 

Figure 20.--Contlnued (page 19 of 57) 
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c. (Al'flfKA All ... UTH ··~J t.LEVAJION C.IY'EN, !tTART .. ('fCLt. 

ELY HY 

El YS'S T HY 

OrJ }'i"i t • 1. 2 

OlC Ll~P o. 

AC Y(l t: l. 

KS I -C. .JH • lOSA 

ETAi • -COH • !tlNA 

NL " lllL • l 

CC' fl) l'HI 

l"-1 lltOF • N - ~U 

249 PNIHI 1040 

GU TO 2''Jt 

1 §0 p"" I HT L ov~ 

AOC ORtfN1Alln"t WEIGHT ,.AfRll f C lll O All~ILS. 

R:flltl.JI • ftHll,JJ • PUIJ,JI 

25" C.ONf lJrijUE. 

l~'t'l:Rf NORllll E.OUATlOJrl JOfK1X. 

DEl • t.O 

ElM1 • ltflilllNVtl,KI 

DE f • OE1 •f:U(f 

GO fO JU 

RlO t' heck if 11INTHVP1 solut i on . 

.ttll C'hr··~ if A::H1.L'T1-!-fLE\'ATJ 11p.i 1\dt 1 ~·.ivrn . 

ctl 3 -Is ... ! J1, 

• 1 • .Iv • • .!y, 

'l'!t ./~ =;z-4 4./g" ~ 

ot• 

H l 1 

•zt . ,, rtP!lr 1i5tC"rti:-n ~n-:! 5P t A:'lHtt7t1-r~,r ·;,;7t~~ 

.-y1-lP in1i.:at'.;lr. 

f11• • - eot £ c"sA 

1U\ ,,,., = - col£ J11rA 

l\Jb A•lt1 '1 to plate ~bservation cmmt. 

011 l,J.1.,.1 - ~I. 

ftll Check for HIN!l"IUH solution 

RH Pr-Int llAXI'H\IM SOLUTION. 

"l4 rrint' number of observatior\B. and unk.nowns for 
orientation par-a.meters. stars. anl.1 rlate. 

')~ Print jep;rees 0f ft-t>l'1on1 ani1 lt"'Yt'l •f 
rr9i·1uals. 

.. let Pr int :1INIP1t'!1 SOL~'TI:'N. 

911 l'rint num't:er of o!.serv.s.tions ~nt tinWno\.l'~.'i f.:r 
orif!nt<\tion pa.r4.1Det:ers. st.s r s. *'" ' pll.'':e . 
rr·int Jegrees of freedo m anr\ l .. v .. l f 
r••si ·11Jal s. 

"'" 
&o\ l /! -- N .. , 
... 

••• . ., 
8"11 lf matri)( is sing1..:l:1r. ~tint j•rr ..ir mt.-<:,.,,3;,.:' ... 

• 1ni ~o t0 ~er-r:ina.te pt ~ tl•~m. 
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2503 R.NlritVIK,J• = RNINVIK,Jl/fVIT 

00 2546 l•l,Z6 

lF( l-K,2544,2S46,l541tt 

l,4> .. ElllH • ANU'llVI I tlO 

RNINVC I ,Kt • O. 

00 Z54S J•l,26 

250 ANINVI J ,Jt • IU~IHVll1Jt-Ellllf•R1itlfttVCl.,JI 

25•6 COIH UIUE 

c lDJUST Ol5CREP•NCJ vEClCR fOA OIHEREllCES 8ETllEEN lP9AOlUIAT 10 .. s ... o 

c 

256 00 2S1 I• l,26 

257 C.HC I) • CMl It - Pot 1 t J J •DELL DI J t 

c COllPUte couec Tl ON vet TOR. 

2570 00 259 l•ltZ6 

DO 258 J•l12:6 

z5q OELLOC I) • OELLOl I J + DELO( 11 

StVEC~C II • CritlJ) 

29/tt l SIVEDL I I J • OE,.0( I I 

00 2S91 1..-1,22 

C •OD COARECTIOIO VECTOR TO Gll<EK OlllEKHTIOJI PU•IOETEAS. 

c 

c 

H9 l OHA 111 • OP•OI 11 + OELOC 11 

lflOP&RC2ZJ.GT.12.•,lOllOP&fH22l • OP&Al22J-2.•CIG 

IFllOINSOL.EQ.01 GO TO 2~93 

00 2592 l•l ol 

OP&•C It • OPIR ( 1+6) 

l!Hl OP&Rll•11 • OP&Rtlt 

zscu I JCftH • 1 TCNl .. 1 

lfl INOl lJ tz60.2&1,2b0 

260 OP&Rtl4t • OP&liltl)) 

261 ~EWINO l 

C GO TO SURT NElT ITEUTIO•. 

c 

GO TO 1792 

c 
IF REFRACflON CYCLE, 9RCNT STUISTICS ANO GO TO SUAT V-CJCLE. 

263 RCt • l. 

PAIJrH lOliO 

l IM:Nf c l 

GO TO 251 

C HECI( FOR I J ERAJ I Otrit STOP. 

855 

856 

857 

858 

859 

860 

861 

862 

86l 

866 

861 

868 40 • N.'I 

869 t.O - •I. 
870 

871 

872 

an 

87' a·. . o:.,. 40 

875 Res1:rlct '1- tot l"' . 

876 Chee); for MHIIl1UM solution. 

817 

878 

879 

880 Add l to iteration count. 

881 If ~ • c,, set eorreeted C,. equal to CM. 

882 

au Re.., ind obseI"vat'ion data tape. 

884 

886 Check for ~EfRACTION computation cycle. 

887 

888 

889 

990 

891 

Set "Refraction coefficient corrections 
computed IT indieat:or. 
Print number of observa.t:lons and unknowns for 
orienta.t:ion parameters, stars, and plate . 
Print degrees o f freedom and level of 
residua.ls. 
Print heading ITAR <'JID Pl.An COOROrNATE DATA. 

Set line eouriter and go to start V-cycle. 

Figure 20.--Contlnued (page 21 of 57) 
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l6it PM I NJ lCI"~' SUfllll 

PASUML • SU1'l 

IF I DSU"U Zb5, 211t2T l 

l6S HOIV • ~DIV • l 

2t.6 PAlfllT 1041 

IFOUNSOL )2C.8,268128it 

26'9 lHOC'H • 0 

GO TO 286 

211 1 Ff •1s1osu•l1-fo.L.P > 21 z, z1z ,21 .. 

272 P'-UllT 10"8 

Z1b PaJNf l0't6,,IT-.(N 

GO lO 28" 

IHfUfJOHS STOPPE01 fl!IHl>lUM SOLUTION, STORE Oet. A,.O REf~H fO ST.UH 

'1AMl"4U" SOUJl90Jt WSfH NEW APPROXl! ... 1TtONS TO ORIEl111J.AUOJtrl PARA .. fTER.S. 

28'9 OE JJOH • OE J 

If( lNOt 7• ,286l,2EIS,286l 

285 "-1,.SOL • 0 

I tC.Jitf • 0 

HOI Y • 0 

PASUflll • O. 

GO TO 261 

RE JUAN JO STAAl V-C't'ClE. 

286 Of f,_.u: • DE-T 

1861 lQLMEf l. 

PAINT l01)0 

llNC~H • 1 

A.EFAAt:TlON CYCLE COMPLETE, AOO CORRECTIONS TO TAUS AJttO GO fO SfM.f 

V-C YC.LE. 

187 OEf ... AX • OET 

188 OPARI 11 s OPAA I l J + DELOt 1) 

AC't'ClE • O. 

GO TO 180 

IFCJUTIOPllS SfOPPEO, MAJIO!U14 SOLUTtO~ 111JTH REFRAC:ftUN CORR.EC:JtO)tS. 

ll'Ol Print !eve l of residua.ls for current iteration 

a•J dll • 11. - 11,..,1 

••• 
eq& Check for divergence. 

9q7 Add 1 to ;1ive rgence count. 

84'1!! r.hec.k for 4 divergent steps. 

9q9 Print fOVR DIVERGENT STEP S OCCURREO. 

qoo Check for PHNl1'1UH solution. 

qo1 Check for REFRACTION solution. 

4'0l Clea.r' RL:FR.ACTJON' solution indicator. 

•Ol Print REFRACTION SOLUTJON rLJHlNATED rPo1H 

•o•~ 
905 Check if problem tolerance met . 

•o• Print ITERATION RESULTS D!ffE~ HY LES~ THAN 
TOLERAHCE SEITING. 

907 Check for RINIHT.!H solution. 

•OB Check for HIN!~L:!i solu'tion. 

•o• Check nu:nbe!" ::f iterations against n ... :nter !iet. 

•10 Pr"iri.t xx !7EJU.T!O~S C:lHPLETEC. 

•II 

Oil Check nu:nbe!" of iterat ions a.ga.inst r • .>JT,:i.,.r SPt, 

91J Print xx ITERA'!'IONS C~HPLE:nD . 

•1• Check for PHRACT:ON solution. 

•1• 
917 Check for PRt· RUN. 

••• Clear H!N!Klll< SOLi..'tION incl icd t nr, 

•1• Clear iLeration counter. 

•20 Clear divergence counter. 

•ll Clear residual level. 

•22 Go to star".: ~IHUll SO~UTION. 

92) 

92-\ St!'t tolerance me"t indicator. 

ens Print heading STAR AJjD PL.A.TE COORDINATE ~ ATA. 

9Z& Set line count"er. 

C121 Go to s't:art V~c:::yc:::le. 

928 

•z• 

llll Clear RErRACTION cycle indicator. 

912' Go to stcSrt V-cycle. 
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t '° fD STMT UFUCflOll tYtlE. 

c 

t 

t 

.Z89 TOI.Jiil • I. 

n1"T ttU 

z•o R('fC.l.E • 1. 

DO MOl I •1.26 

5AWK1Ull • C.•lt• 

2.0 I SAVEOL 111 • onoc u 

oo z•z 1·1·• 
IP.ITPO( 1. tJ t 2921 Z«JZ, 2•1 

NOllll • NOflJI + l 

29l CD .. TllllUE 

llOVE UUAU '°" tOEFF It I ors WEI GMT s TD ,D ~TU •• 

201 

l9ll 

20) 

00 ,., l•l,• 

111(.0JllP • l 

I Fl 1"011112914 02914, 2•1 

lllCOlllP • 1 

GO TD 2U 

t suat co•.,Ut&TIO" OF AESIDUAU I V-CYCLEI. 

c 
24H WCYUI! • 1 .. 

D~LX4 11 • O. 

DflXl 21 • O. 

c ca..,uu DU.TA-• VEtTDll ICDUECTICIN~ Oii •S FO« suau. 

c 

aEWIMD l 

LlllCIH • l 

Z•6l IFl"CD"'fZ'97,Z97,301 

Z•l IFl'Al.~HAll,lltl'9•rZ'il•r2't18 

Z'91 1tA5 f • DIELJC l I I /Cl 

lf( 111$,0lltP U<982', 2'911,2fl182 

Z'iil9Z AlPtOU • CEIUlPR/SQIUIP•LPH.Ul1ltt)/C6 

DEClllf • « E•R.PR./SQl'tTIPALPH.1(2,2) • 11Cf> 

Plitl"l ST•a DAT.I. 

.,. Set tol e.ranee me. t i nd ica tor • 

935 Pri n t: REiRACTION SOLUTION . 

•3• Set REiRACTI OM c yc l e i ndicato r . 

01 

931 

n• 

••o 
9•1 

942 

90 Add to o bservat:io n c oun't f o r e a. e h re f rac tion 
coe tr i c ient vi th fini t e 1i1e i ght . 

'>4• 

941 Set mean errc.z: cyc le i n cll.ca t oT' if plate 
coordinates have indiv i dual we i ghts . 

••• 
950 

~' l Set mean ll!"rr<>l"' c yc l e ind icato r i f l!it11.r 
coo rd i na1::e-s have ind ivid u a l weights. 

9!i4 Go to start REFRACTION c yc le . 

95b Set Y- c ycle indic at or . 

~nl Clear observation count'er . 

• ,. Cl e ar star re9 i dual arrdy . 

9,9 

'9'-'J Rewind pl1Ue d.e t a stor a3e tape or di5k . 

9M11 I f a t botto.ai. of page, pr int new headi ng. 

9•5 

••• 
'illH Check for me an error computation c ycle. 

fl68 Check i .f s t a.r coor dinates are k nowr. or 
u nknown. 

'96'9 Ri gh t a scension residual, radian s t o seconds . 

910 RighL asce nsion r'esidua. l, ra.dia.n s to ( a rc ) . 

911 

912 

91) 

t>ec lin1'tion r esidual , t' ad i ans to s ec onds (a rc ). 

Check f or individual we ights on sta r!J. 

m " m /(P J"' 
,,,: 'm /(~)~ 
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Plll•f l & lJ1NOSI •'ALPHA( lt U,,M.PM,U z.z t1,.lLPHAI l.Z• 1 ALP•E.,DEC"f• 

••sT.••s•.OECSA 

C.O TD JOO 

hDECSA 

LIMtlll • lllllCMI • I 

GO TO 100 

299 lfl8CCIZ91h2990,l9U 

290 T&llZD • SQUIET& .. l • lU .. 21 

1111 • fl&•l l.ITUtZO • T&MlO) 

lE • IU•t 1./TAMlO • JANZD) 

80tl,ZJI • OVEY•J&Jlll 

DO Z984 tl.•l,2 

' CCllU<:l .,,,IOll .. ATIOllS TO cooaOIJIUfS ,,. UllR-JI STAR. 

2990 AU IH • Ai. SUll • 0£Lll I I 

on I& • DfL TA • DtLll 21 

.llSl~ • AlSIAa 

DtSIC. • DElU 

00 l'l• l .l•l 126 

IOAUltJ1lt • O. 

c 

C CO..l'Ull CO-Ulll...Cf llATRll FOA ~" stu. 

c 
00 l'99.l K•,,z 

2991 eoau•t J, I> • 80AUUJ,IJ • Mffl1Kl•TWl••·U 

00 1991 l•l1l 

00 1991 .1-1.2• 

UMl~I • 0 

DQ l99Z ••l.,.16 

lt9l Tf"UI • TIJllJI • IO.lUlt &, t ••••&JIY(C.,J• 

00 Z'99J .l•l ·l 

1uux11,.11 • o. 

00 ~9J l.•l1Z6 

1991 IUUll ltll • llAUl.U,Jt + TEIUll•Hl>tJ,ll 

00 ~" l•l.2 

00 J994 ""'·l 
C (OM l'UH 11011 UllOU &llD £RllD8 El L I P SES f 01 UHllDllN ST Aa. 

•T! Prin"t ater n~er~ veiaht and Mea,.., error. .,. 
971 Add B to line cuW\'t"eI'. 

911 

'7• Print star numb11r, weight 1 catalog numbl!r 
and 111ean en-o:rs . 

910 

•U Add B to line counter. 

•ll 

9U 

9H 

911 

9$1 

919 

990 

991 

991 

99J 

••• 

9'l 

991 

999 

Chee): if co?Tection& have been c:o~puted for 
refract i9n., coe/f~cien"ts 
tan 1,. r7,. ., (, 
.l7 ' 1' [{l//•n z,)' fa1u·, J 
11 ·1-~1/t•.u,) •t.n.r,} 
o.ux • -r'4w(.J,1( •l<s .t,J 
OYCr 1 -T .. IY(..,, .z, • K1 .l7) 

"··· 
V,, •DUI · f•1t,4 

.11.,, Vv , DYEY· llUl,4 

a.,., w, • D¥£l·lan ',4 
tJ,t, "" • orO'-/on~ 

Bo,, r, ore r- fan '/I 
,,.,, ly DYEY· l•1t~ 

"• .. r. o:ur-tan',4 

"•r. >y • orcr. 1.,, ',4 

1000 f1J , a: IJ "'· 

lOOl «••:: ~·" "'­

lOOl 4"' ~ & ~ ~4 

IOOJ 

1004 

1005 

ION 

IOO'I [r-i] rz1J 
1010 

IOlt 

1012 

IOU 

IOI• ~ol rz~ "_, 
1015 

1016 

1ou 

1011 ~l)l ~>] N~~~] 
1019 

LOZO 
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CALJHI l,J) " O~ 
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l .M6 rheck for type star. 

1297 

12<18 

l lOO 

1101 

1)01 

l lOl 

l )041 

Figure 20.--Contlnued Cpaqe 30 of 57) 



lFt~C.OJll.P.EO.O• GO rn 1111 

WR I TC ( (t) Yl.9 

}Ill V\8 • 0 . 

I/CYCLE "' O. 

MPl S. "' 0 

tH l1'10t 711 lllt )13, 111 
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1 ioa (v,.; P.. v..,) - I .... ~ P.. 1 ~. 
I 

uo• 
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lHl 
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I H8 
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13Zl Check it .~ZH!llTH-ELEYATlON data given. 
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indi<:: at OT'. 

1)23 

1324 Compute Pv .. · sum for azimuth.-eleva.t:ion 
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l )28 Se.t point' m.imber equal to 
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llbO 
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l2 • 3 

GO TO )2289 

1228) NPP • J 

GO TO 32Z87 

lZZI.\ NPP • 

32285 

)2Z86 

32281 

32288 

)2219 

UL • 2 

L2 • I 

GO TO )2298 

,.,, . 
GO 10 )1291 

,.,, . 
Lll • 

SIGlllAC • .. 
AlPtlA • o. 

DELTA• O. 

LAS TPT • 

,.PIS • 0 

STl"E • TllillE8 

HPTS • l 

AERES • O. 

YCYClf • O. 

PC't'CLE • O. 

ACYCLE • O. 

00 JZ219 • 1.2 

00 ll289 J•l.2 

PALPHAU ,JI • O. 

Plt l, lJ • l • 

PU ,t,2) • l. 

Pt.l21lt • O. 

Pltl,ZJ • D. 

1Cttf8 • 

lAP • 

£LI • O. 

El V • O. 

lllOlf • -IC'"" 

Ji90llT • ICNfa 

JHJST • NOST 

IOI AG • ICHTR - I 

•RINI IOOT 

P•IMI IOH,PLll.11oPLI2 ,z t ,PLll o2 I 

PRlllT OUGDMAL DISTAllCE. 

c 
•ll•T 1044.IOlAG.,IOU.G 

,..un io10 

Llll!Ulf • 17 

c;o ro I HZ 

IJZ•1 IOI~ • ICMT• - 1 

(;OTO Cl8o\lf 1 JlZ1 1l,JZZ9f,JZZ'11,JZ2'19l,Lll 

llltl4 00 )140S I• l,) 

c 
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102 

lfllCNTR.EQ.l.,.,<O.SlG"A"ll,U.GT.SIG"Ulll lSlG • lSIG +I 

)8~05 CONTINUE 

JS"4il 1 ICNTR • ICl'tU: • l 

IDllG • ICfflR -

Ell • ELX • .Ol 

ELY • ELY • .Ol 

llP • 

IFI ICNTR.EQ.101 GO TO 32321> 

NOST • -IC .. fll~ 

NOPT • ICNTR 

HUST • pt()Sf 

IFILINCNT.LT.1>01 CiO TO l23ll 

PRINT 1007 

l1NCNf • o\ 

J2Jll PRINT lOlto\1 IOIAG,lOIAG 

PRINT lOJO 

ll"'ICNT • LIJltCJlrilT • ~ 

GO TO 181 

c 

C COMPUTE ANO PRllH OlffERENCE IN OIRECTION BETWEEN PRE-P05'-EYENT 

ORIENTATIONS Af EACH CIAGOIOL POINT. 

c 
32295 GO TO 132296, 122921 ,LAP 

12296 NPP • 2 

GO TO 12290 

3,291 GO TO C3220S,)2J011,LAP 

J2291 lfPP • J 

GO TO 3l300 

JZ299 GO JO CJ22~6,J229l,JZJ06J,LAP 

)2290 "9Q 

GO TO 32328 

32300 lflLLL.EQ.31 GO ro 32290 

121215 00 32105 l•l,2 

00 JZJO.\ J•l,Z 

Jl • l+H 

00 )2)05 K.•l,26 

JZJ05 SIG2lJl1.:.I • JWOIJ 110 

ElfVl • ELEY 

All • Al 

ASIGf01 • ALSJG 

DSIGf01 • OES.IG 

SlNDll • 51NIDE51GI 

COSDLI • COSI DE51GI 

32101 LIP • LAP t I 

GO TO 181 

J2291 ll • 1 

)2292 11 • l 

GO TO 32302 

32301> ll • 3 
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l-'t59 
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J2JOf ll • ~ 

)2302 Sl,.Ol2 • SINIOESIGI 

COSOL2 • COSlDESIGI 

Sl"-OH~ • Slf\lllASIGJllA-AlSIGJ 

1508 

1509 

1'10 

IHI 

1512 

S,,.SQSG • "OSOl l •SI KOHR t ••2• CS I JiilDl l -COSDLZ-COSDL I •S 1NOL2•(.0SD ... t•• 
12 

1 ~ ll .Ji"
1
1ji : (cCJs( sJ,,mt)

1

~{"'11.i cos4 - '""'''" "'"'• cosdH)
1 

151~ 

SINSI& • SQOflSNSQSGI 1'15 

CALL ASJNfSINSIG1SICMI 1516 ~/ • ,,,, -, (Jin'llJ.;l' 

SlilitSIG • SINCSIGflU 

DELU ll21• Ul•Ul I •3600.•SINZO 

DELEl I L2 I• IELEY·ElO l I •1600. 

DELA&. IL 21- ll lLSlir-•SIG"''"" "'osou 
DHDflll I• IDES Jir-DSIGllAl/C6 

DO 3H08 J• I ,2 

Jl • l+ll 

t tOMPUfE AJ&D POINT ~EU EAROR OF OllEtflON DIFFfOENtU. 

Jl • .J•fl 

UlO• SJC.lCJl,JZt • ONEtlrJt 

JZJOq SIC2t Jl ,U • lWDC J ,1() 

IFISl&~.lT •• 5E•11 GO fD l2HO 

E A.RFUNtl Z ,flll+Z t • t -SI '6Dl 2-.C.OSDl l •'OSOLZ•S lfllllOL l•tDSDHtl. f /St NS lG 

flUIFUNILZ,11•1)• -ERA.FUNllZ,Jl+l) 

l5l7 

1518 

151' 

1520 

1521 

152) 

152~ 

1'26 

1527 

1'21 

1529 

1530 

l5ll 

IUZ 

15)) 

Ull 

GO TO )2lll un 

Elllf'.UNCl2.ll+21• l. l5)• 

UHi •PP• I 15'0 

IFI LU.LT .SI GO fO 32H> IHI 

l'ILAP.EQ.21 GO TO 32ll2 IH2 

l 2 • 2 l 54} 

SINOHa • SINl4l51&1-ALSIGI 1500 

tOSOHll • (OSIALS lG1-lLSIGI UO 

SNSQSG • CCOSOLl*SIHOHll) ••l• l SI li\IOll"tDSDL2-C.OSOl 3•S U10ll•(0$0~ 1•• 15-\6 

12 I Hf 

SINUG. so•USIUQS'J l1i48 

C.All ASJNCSJlrtslG,SIGPO l'H9 

Sl,..SJC. • SINlSlGlll) l510 

DElHll21• IHEYl-EUYl•l.OO. 155J 

OELOEllZI• (0£SJc;.-oeStGU/C6 1555 

fcos1 ~6,,Wr'-'.)hit>#j_1 
_-!c"''· sml..: • Jlni; c.ar.U coJIJa)/11111~1 
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·( JJ1111 aos4. • cos1;s1111,.cos4".)l.sit1~., 
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32114 

Jlll) 

Jlll5 

)2316 

HUT 

)Z319 

)Z3l9 

l2J20 

EllUlfUJtl2,51 • -ERAFUNt2,J) 

ERRFUlll ZoOI • t-SlltDL1•CDSDl2•CDSDL1•S lll>l2•CDSDl«l/SINSl6 

GD TD 1211! 

IERllfUNIZ,31 • C.OSDl.2••2 

EtUlfUJUZ,•J - -1. 

t:l.RFUIU 21 5- • -EUFUNt2o31 

EA.I.FUN CZ , 61 • .. 
DD JZl15 l•l,b 

DD 12HS J•l.,26 

80AUltJ,I) • O. 

DD J211S llt•l16 

IDllUIUJ.U • 80AUXCJ,Jt • SIGLll,Kt•Sll#21K .. Jt 

DO 12317 l•l,6 

DO 

DO 

DD 

DD 

TEMIJt • O. 

32)10 ""l.26 

TE~IJI • TEMIJ I + 80AU•fic..,.S l•RNIMYUt;,J) 

DD 32ll T J• 1,6 

81.AUll 1,Jt • o. 

12)11 K• l, 26 

81AUXI I ,JI • e:uuxu ,,, 1 • TE:JlllU: J •S tGZ CJ, Kl 

12118 l•l,b 

DO 12118 J-1,.6 

OSIGI I oJI • O. 

DO 12318 l::•l,6 

OSI Gt I ,JI 

lZJ20 l•l, J 

00 32319 J•l16 

ffMCJl•O. 

DC 12120 J•l1J 

• OSIGlloJI 

SlGJH.Jlll J ,,. • O. 

00 32320 ll• I,• 

• 81.lU~t I 10•SlCl Cli1.U 

1559 

1560 

1561 

1562 

1563 

I 564 

1565 

LS&& 

1567 

1561 

U69 

15?0 

1511 

ISTZ 

1513 

UT4 

1515 

1516 

1511 

1571 

U79 

ISllO 

U81 

uaz 

ISU 

1514 

1585 

ua• 
1511 

\Sii 

IHO 

1191 

IF I SIGN&JIU 1,1 J .Gr.0.1 SICIUMCI • • •·n••Pl.•I SQltTISIGMAflllt.1 •ti I/Cb lSH 

l2l2 I tONTINUE 1596 

GO TO fl2322ol2JU,J2)24,)Z1U,1HUl,lll l5n 

l2l22 P•INT 10~6 U91 

PRUlllJ l 15l1SI GllA.l 1 t ,SlGJIAKt l1 l J ,DELALI lJ .. OELOEC U ,OIELAH It ,DELELC l U•~ 

II 1600 

PRUtT 1151,SIG"AC :U .SIG"""' J, u ,DEL AU lt ,OU.OE I lltDELA.U 1• ,oftU •. r J ••Ol 

Pl.UillT llSl .. UQ.ii.AIZ I 151C~AMt 2tll 1Df.lAl.C 2J rDELDEC21,DELAll ZJ ,DElELCl 1401 

t I 1604 

L l"C.NT • LI "IC.NT + 7 160§ 

GD TO 32294 1606 

1Z)21t PRINT lOS6 U107 

fR IHY 11 Sl1SIGlllA t J,, S IGfllA.Mt lt JI ,Ofl .&l f U +DELOE t lJ ,t>ELAZ CJ), OEl Elf l l601 

[r11•] [rrl'] 
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LINCNT • l I MC;llT + 5 1610 

CO TO Jll 9• 1611 

Jl)ZJ PRllO 1056 1612 

Pa INT 1152,SIGllAl21tSIGllAlll2o21,DElALI21,DElDEC 21,DEUlUI 0 DElEll Z 1613 

II 161• 

NPP • Z 

llllCllT • LlllC;llT + 5 16U 

GD TO lZZ9• 1616 

J2)2S Pal NT 1056 1617 

Pa I NT I 15 I, 51&IOAI11oSIGllAllCIt11 oDEUll ll ,OElDEI 11oDEUll11,DElEll I 1619 

II 1619 

llllCllT • llMC;llT + 5 1620 

GO TO 3229• 1621 

32312 SlllDL3 • SlllOU 1622 

t 

CD SOL J • tOSDl2 1623 

AlSIGJ • ALSIG 162• 

DES IGJ • DESI~ 1625 

ELEVl • ELEV l62f> 

1UJ • Al 1627 

llPP • 1628 

LAP • .J l629 

CO TO 111 1630 

tOllPUTE •OUTIOll tl.URICES, STATION TO lllSTANTUIEOUS POl.E, 

lllSTAllTANtOUS POlf TO •EAN POlEt AND llEAll POl..E TO •EFUENCE STATION 

c COllPUTE TUllSFO•NEO o•IEnATION ANGUS. 

,. ... 111 •• 1632 

32>26 PRINT 1061 163) 

, .. CSLOM a tMS1'1U,J-.C4li + CAllSU16J0(.5 + CAllSTAIJIOl:.6 1634 

Sl~LON • SINICSU .. I 163' 

COSlOll • COSICSLOlll 1616 

AUU • -tOSlO ... S INPH I 1631 

aUK2 • tOSlDN•COSPHI l6JI 

AUO • -SINLOll•SlllPHI l6lt 

AUX4 • S INlDtlOl:.OSPWI ... a 

GO TO I 126, 12•1, ,2•2• 1263, )l64, J.Ze.'5, 12f>6, lZ6J,, 11 l 16•1 

U6 L•I •••2 

)260 J•I 160 

PRINT 115• 16•• 

CO TO 3268 1645 

]261 ~-1 1646 

J•• 16•T 

l•l 1648 

PRINT 1149 •••• 
3269 LL•I 1650 

GO TD )261'1 1651 

)26l l•) 1652 

J•l 1653 .. , Lt5' 

LL•2 1655 

' PRUH 110 1656 

GO TO 3268 1651 

l2b) J•7 1659 
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P•INT 115~ 

Go fD 3268 

326• <•2 

L•l 

J• l 

PAINT 1141 

GO fO lZH 

lZ•S J•• 

L•Z 

PA.I lllT 115~ 

GO TO ]268 

GO TO lZ60 

J26'1 PRINT 1151 

GO TO 184 

IFllNDl91.EQ.OI GO TO 1516 

Pl 2•.lUl l•A.C 111 J+ l J +S UU.DN•A I 2, J•l I •AUll.2•A C3 ,.J+ l l 

Pl l•J.UI l•At 1, J•2 J +Sl MLD"•A I 2, J+21 +4Ui2•A Cl, J+2:) 

P 31 •C.OSPH l•&t l 1J J +!. INPtH •At l, J) 

XIUO • XA .. GLE•C6 

Pfll • Pl] + lllil;.\D•Pl3 

PT2.l • P21 + fllJ.O•Pll 

PT 22 • PZZ • l'llAO•P32 

3fri.l IRffLAT,. A6SlREFS1Al2•J•C.41> + REFSTAl3)•C5 + AEFSTUo\le(.6 

IF I A.EFSfA( l J J 3°"18 .31t'9, H8 

1"'18 MEFLAl .. -REFLAT 

)419 S INRLA • Sl~t REfLAll 

COS.ALA • COSlREFLATJ 

SIHRLO • UNIREFLOHI 

tOSRLO • tOS(A,EflONJ 

AUIC5 c -SINRL.l•COS.RLO 

AU•6 • ... 5 lNRLA•S.lNRLO 

AUX7 • COSR.lA•COSflLO 

AUX.8 • COSRLA•SINRLO 

PPll • AUX5+PT11 + AUX6•PT21 + COSRLA•PT31 

f'PZZ • SINAlO•PTl2 - CO!iRLO•Pf22 

16'59 

IHO 

166\ 

IHZ 

1666 

l667 

1669 

1670 

1671 

l61fri. 

1615 Cht!ck for "t'J'ansformation of-., ~~ M. 

l67l 

1679 

1690 

16.!2 

Ull 

lU6 

107 

160 

1619 

l690 

1691 

tnz 

169] 

1696 

l6'9l 

16418 

1699 

1700 

1701 

1702 

1701 

110 .. 

1705 

1706 

1701 

l7ll'I 

1710 

1711 

17\Z 

l
-ro1J...; sin~ sm ...t4 

R~J.A •Ji·t;.:: -si'n...t~sin'1, -("IA,;. 

CC1'fJ~ () 

C~SJ.4 Crll111'4] 
Sin,(.; CMf'i 

sin~ 

l-"" .t. "'"" 
... .sin A. 

ro.1,i,au~ 

.11'7A.SJi7fl 

-"II.<~ 

3Ji>~,.:bSll 
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,.23 • UllalOOTIJ - COSUD•PTZJ 

PPU • •u1T~r11 • &un•nu • s1111u••n1 

PPU • AUl10Tll • &Ull•PT2l + Sl'llU•PTU 

l!l IFIHSIPPll>-1.1u10.n11.1uo 

1110 CDSOIOI • SQAI 11.-PPZJ .. ll 

ro1uc;• • u ... 1,,u1coso•r 11p 

UllU T • P .. l1'05()1H 

l 117 

1111 '°"'"'' = (/·E''Jlt 

1119 

1110 .1111c• D•/ctQw• 

tOS&LT • PP))/CDSOIU 

C&Ll AllliU ISlllAlftCDULT,TALPHU 

Tl.LPHI. • T&lPH&ltl 

Sllll&l • -PPllltOSOOIT 

tOSUT • PP2l/COUl1n 

CAU .. 1;6.E UlllllUoCOSUT,TUPPU 

llZl COJc." " ,&"•/cc:ut.1• 

1122 

lUJ 

llZ4 .Ji1'M' •lJ,' /C(ISfr-

1115 ttts •' " 6.' I t:t:1s 1J • 

111' 

11l1 

Jill ll4,,4 • O .. 

c 

c 

IFIPPZJI nu,n12,u12 

s.1 .. a-.T • L. 

SIMOllT • -1. 

COS4ll • -••HISINQflT 

Cl.LL 1.Nc.l.E tSIJt,Uf1COSALJ,U,t_Pl1&f 

f.AlPHA • lAlPH4/Cl 

151• ULPIUJI • UV ... 

TALPl1 IJ•l) • IOIO('" 

T4LPH C J+2J • fllt&PP• 

E••c•s. IEUOU&LS Alf.D tllfl'9HTS. 

lUO 

llll 

\Ul 

llll 

11,, 

lUl 

l 1ll 

11)9 

1142 

IFIPOll.llll211,!211,l2l2 11~ 

1211 ORESI 11 •0. llU 

OCOll ll•DELlOl lllP l JW. 

OllE Cl 1 •IUOa•SQITI IN lllYI Io I I I llC7 110 

l2H OIESI I l•DEl..LDllllCf 1149 

OCOICll•O. 11'0 

OiJitEtJ ••lE.ftRpa/SOIHIPO(t,IJ•Htl 171!1 

3213 OPUl 11 • OPUCI lltf ll52 

IFIL.U. JI c;o TO 1274 1753 

L tOAIEUl),l•J,JlJ, IOCORtllrl•JirJI),, IOlllEllJ1l•J1Jlt 17,. 

If( J.EQ ... PUNT ll5' 1759 

1F1J.u.11••••r 11u l ao 

GO TO JZU ITU 
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108 

3215 J•J+3 1163 

\16~ 

116~ 

G() fO 3271 

l2lb J•J+-6 

3211 ll*) 

GO fO 3268 

3218 GO to 13219,3280,J28ll,K 1168 

31274' PfllfH 1150, 140PlA.(lttl"'4t6'),IAOPARflt ,1a.},~t.CUPARCil1l•i\16t1 1169 

COPAIU I ..... J,91,tPO( 1, l ),!•.\ ,tiJ ,(POt 1, 11. t•"7,ftl1,(Dtt.esc ......... M. l77G 

I OR.ES.~ I,, l•l.911 I OCOAI I I, l•4,6 t, UX:Oll'l U, (•l ,91, IO"E( l I 11•1t 1 6 t, l lll 

3 CO,.£Cll,l•"t,9t lll2 

G() Tll 328 3 1113 

1280 PRI NJ ll50r CAOPA•C J), (:o.1,ll, CAOP.lll,[J I 1 l•o\ 7 bl rC OPAR( 1J ,(•lt )), l 774 

(OPARCJ J, (•.-,bt,C'PO( 11 I), l•l,3t, CPOC I, (I, 1•416 I,( OAES~ IJ, 1•1131, l 715 

fORl!5C I,, l•lt,6 t t IDC.OA.C I It 1•11 3 I, IOCOA( It, l*"16t, IO"El It 11•1 tlt, l 776 

IO .. E4J),(•4,6J L111 

GO TO 3283 1118 

Jl8l PRINT l LSOt U.OPAR( 11'1-1, :u' 1 AOPAR« I. ,1•1.cn, COPAA.f u 1 l•l1 31, 1719 

1 fOPUlt l) ,l•l,9t.tPOt J, l It 1•1 e1t ,tPQ( I 1 lt ,1•7,U tfORESf It ,J•lrll • 178D 

IOIUS~ I )f l•l,91 1 (OCORlII1 l ... 1131, t DCOR1U11•1 .. 911 CDME4 I>, l•l13h l 'tl!U 

3 COfllf(IJ11•7,9t 11112 

J28J 1•2 110 

323 I• 1 +l 118• 

3231 

3232 

3232• 

32H 

DO 3215 J•l 1 S 1185 

k•5•l+J-6 1786 

IFCK.tQ.231 GO Ta 330 1181 

IF( IC..CT ·2·0 IC.•5•1+.J-8 1788 

lfCPOf-.1KI )l2ll,32jl1°'2l2 1789 

OA.ESt JI •O. 

OCOR I JI •DELLOlk I 

OfllE ~JI •EIUlPR•SQRT l~N JttV' O:, K J t 

GO TO 323zq 

ORES I JI •OH LOI" I 

OCDRIJl•O. 

OME IJ!•ERRPR/SQRTIPOCK,KI I 

I FCK.EQ. l o.oR.K.EQ.221 Ga TO 

GO TO l21o\ 

ORE SI JI-ORES( J l/C1 

3233 

1190 

1191 

1192 

17q3 

L 7'94 

119' 

119b 

1191 

1198 

119• 

OC00(Jl•OCDACJl/C1 1800 

0MECJ)•Q"fiJ)/C1 1101 

aPARl-.,)•DPARUO/C1 1902 

lFIK.E~.lOIPAl~HOlO 1803 

Ga ra HH no• 

110 PRINT l07l 190" 

IF l PO( 11 1 Ll)) 3l62t 3)6 l, 3362 UOIJo 

3361 IFCPOllS,l5H3l6~,J366,Jl65 1801 

JJ6.2 If( POi 151 lSl I )36• 1 1363, J364 l!O! 

136) a .. E I •l•ER4'.PR• UQRHRrtl,,.tw'~ .,,151+l.f POC a 1.1u., 18011 

~o ro H•1 1e10 

3364 ooo-.PO( ll.lU•POll'Jtl51-PDC ll,lSt••Z 1811 

OME 14l•it:RRPR•S.QRHPOl 11rllt-Z.•P0(111 lShPDC 15, ltlol )ISQRflOOtU 1812 

ORES1'1•XS-AOPA~C211 181) 

OCOkUl~O. lBllt 

$1'027 ::ii POlll,llhPOllS.l~~·Z.•POtlltl'5l Ul5 

GO TO J)MI 1816 
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3)6'J o-.tP•••(&MPA•ISQRTlRfd,,.VI l1,1U•l./POC1~.1s•1l lilH1 

liU fO JJbJ 1818 

J.1bb OME. i'• ~ •[lilMPll• t ')~rc.t lAN l"'VI l l, 11) •1.•'l"I ~Vl l l, l SJ tlll'll lNVt lS, lS I JI 1 Fl \Q 

llb1 ORE'Sitltl•O. l"'l0 

Po.n .. o. l8ll 
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OAE S.1 'S,I •YS.-JiOP,.RC29l 18)() 

OCOA.ISJ•O. l~ll 

POl& • PDlU',l.n11POllb,lbl•2.tPOClltlfld t.,Jl 

C.O ?O .H-;2 18 Jl 

lHl OMEISl•t.IU. PA•l'SQIUlkPllfhl\l'll2tl21•l.lrOtH1,UJ)I lflH 

GO TO HS1 '815 

3314 Uli'IE I '5) •E.RkJo'R•t~QAT lllN l~VI l2, 121 •1. •A.NI 10•( 12 1 Ul+AN1NY( 16, 16) 11 l fUb 

l"Sl ORE~l!>J•O. IBJr 

O(.)ktS••VS-Ar)PA.R(lBt ltllA 

P0,28.-0. tBl~ 

C.O TO l"--,l 18'0 

J2H tfO,.E.Q,Ll.AN0.1~0111.Eol.lJ C.O TO 11111 l9'4il 

lf(,.;.EO.}fU c.o rn )4'~2 1!t42 

JZJ5 C0/'11\t l"'UE 111~1 

1 .. '5Z K•S•I-!i 18~lt 

lFCl.El.l.41 PRINt 1071 ll!l4'5 

lF-11 .. fQ.!i) GD to Jl)l 11'146 
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PR l NT l Lla, POSY II. A.ti! EG~ )I;. PU S YY ·•~E uVV ,All v~ 
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DO .J71tl l :r l17 

O• O . 

)7't't EM.M.CX"' ERllPR/SQRTCPOC13,lHJ 

GO TO ) 1°"b 

314 5 fRACJI 'l:" fRRPIUSQATCA.N1fltV{ l l, l JJ • 

H~li EAACY .c flUlPR/SQRTCPOC lit, l"') t 

co ro 375'2 

J7Sl CFCPUC l 2,l2•JJ7SJ,.)J~lt,)7'5l 
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PUNCH 107 ... , COP1UI:( 10 ,ii.• J lt 14• 1 IPROG,L.t.S. TIPT 

Go ro 38 .. 6 

)8,"14t PUNCH llllrlOPAlilll,K•.C.16l1llllJlllESi lqJ,PllAMES(lSl,NAJilf'S4 lOl,1PA:.OG 

PU"4tH 10 J.C., (OPU t 10 ,ii: •l l 1 141, IPA:.OCi tl •S tPT 

GO TO 1El•lb 

38•l S PUNCH l l l l t lOPlAI K) ,K•• ,OJ 11111..lllf 'H lq I ,Nit.MES. ( lS I ,NiUlllfSf 10} t JPA.DG 

PU~H 101•110•AAC.._l,K:111lltl41, IPAOG,LAStPt 

ll"°lb IFtlS1G.fQ.ll GO tO l84Zl 

GO TO ()8.C.20 1 J84201394Z'0,)8<1i>20,)1!1"'21•38<4i>2l,JB"°2JJ ,Jll 

J8'20 l•' 

C.O TO JllH2'"' 

18•21 l-s-2 

C.0 TO 19"°.2' 

)9422 C.O TO I llUlJ, Jl!l'ril1,)8"°21d8<1i>20d•8421.Jl!l ... 21,J8•2lt.111 

U•ZJ l•l 

J8"l" N•O 

DO l8"20. J-l,J 

J l• l• 1 

Jl•JZ-hJ 

DO 11""1~ IC.•Jl ,J2 

,,. ..... 
l!IOO•IUUN\l(Jl ,Kt 

DO l84t/6 «•lOt 2f:a 

N•P01 

111 ~ t •RN I NV I J l ,,. I 

00 38•.21 K•l0,26 • 

DO J84l7 L•~r26 

ll'H 

HOO 

1201 

zzoz 

1l0l 

2l04 

llOS 

1206 

2207 

2108 

2zoir> 

2210 

ll II 

2212 

22 ll 

llh 

Zll~ 

l2tb. 

ll 11 

ll 18 

l2l9 
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)t427 

N•IOL 

8 C .. I •R,_ J l'llV I K, l I 

2120 

2221 

PUNCt4 l lbll!t ,Jlll.t.MES t l) .NAMES I 26t,NA.MESC1'), (NAMES (JI ,J•l9, 25J, EIU.PI. 2222 

PUNCH lllO,INAMlSCJ),J•26,2•),C(.Afll.SllilJJ,J•l,8) 2223 

PUMC.H 7t:U.HGLE,Y4NGLE Z2:Zi\ 

PU~Cl1 l l6l',DPAAC J2 .... 2) rOPAftlJZ-1) ,OPU.l J2) ,COP4RIJI ,J•L0,Z6'J .x:s, 'fS 222, 

PU~Ct4 l\68,JYiPUI ,TAlPH(J2-2ltTALIPH(J2-lJ,f.t.LPHCJ2) 2226 

PUNCH 1164,lOLD,TE"-P•PAESS, .. C,,.F 2227 

PIJHCti 1112, 184 K) ,1. .. 1, Z01J 

PU~Cl1 lllJ, IBIKJ,K•2Ult..2101tlASJPf 

IF!l .EQ.1.A•D· II l.EQ.TJ GD TO 18028 2229 

lFIJ.EQ.2.ANO.J11.EQ.~1 GO TO lhH 2230 

IFll.EQ.2.UD.111.EQ.OI GO TO 38428 2lll 

IFll.EQ.H GD TO 38428 2232 

IFll.EQ.l.UD.111.EO.ll l•l+I 2213 

I• l•l 223"' 

GO To 38'2• l n' 

3h28 REWl~O 2236 

•EWl•O 2H7 

GO TO I 00 2218 

l FOU••TC••.zx.21s,A1.~6X1IU 223• 

FOIUUTC 10.1.IJ lZ.\0 

) fOUU.f( SC 11,•l,' 12,lx,H r l 1i\J:I ,12,1•~ 11,zc )l(, 121. llC.,EU.1. 111 2241 

lJ.1 ll l zz,u 

• •o••n ceuo.•> 220 

FO"""' t '"· zx ,2a.a. Al,.,.. 2K. AB' 6 ll:1 l\l1Zlt,f1 t. a.2 ,,,, .,, 2F J. O,IFB. 41 , .... 

1 Zl,)Al!!li,21ZK1Il'1l'tJt1f8.2) 

' f(JR.lllAft ""' 2J ').t.8. 2K,F 1.0, 2.C. 2 If]. 01 lX' FZ.o, UC 1fl'.4, )IJ '!Jl l .41 2246 

1 FOtu•.t,TCtel,2U11f"8.41, 224'P 

I FOAPlAT 129X,Z1&l1Fl.O, U,F2: .. 0, l:ll1F't. l l) 2241 

9 FOIUIATI l2X.~E\2.IU 2249 

10 FOl'IUIJAf( U:1El4.8, u:,Et4.81 u.El4.I) 2250 

II fOllU f 16E H. 81 ll'l 

12 FD••ATl51212,E12.81l 2252 

ll ~OUlllAl(2El't.8 1 lElO.'t1Zl,lb12JC1ll.U:, •• t 22,l 

l't f01lMAHZEL4.e,J2leUttZl,U.U,ii6) 22,4 

l" FO.UUT(2Fl2.I01:U:l0.te,21•1Fll.l12X,Jl) Z2~5 

l6 FORMATlH>t,111 2256 

l l FOl.lllllA ft lt U, Eli\. U 1 21 ll.,A't J, ZIC, Al, i\l.1IZ/3CU,E14'. IJ • Ul, lJ.8 1 ll1 J ZI 2257 

1 Jl u.E 1<\.8J.2t2X,.A4J ,21,&a,-.x, 12:/JC U!.1El4 •• l .2U11&4t ,21,Al,'tl, lZH 

(2/Jr u:, El•. et ,2 (21,,,.I.21 .......... 12/ 11' u "·a, :)2i, 2 lAi\. 21 I'"'···· 22~• 

3 l2/ll ll1El't>.I) 1 2Ul 1 't't>, 21 1 AB141, 12 t 2Z60 

11 F~NATf't>( U1El't. 8t I 2261 

19 FCIUlllATC'tflX1E14.8) 1 1X1l61U:,A4) 1262 

1001 fOIUlllAfUHl/32X15'tH SJ"-(;Lf CAlllE.IU 0111.IENTATIOPll WllH CELESft&l. t»SE•V 2Z63 

UflOIOSl//1/1 22~ 

1002 FO-MU(20lt,10'8/llll> Z26' 

lOOJ FOllUlliAH251,lJK SfATION NAME.l~l,9H L&TlTWEtllfl,lOH LC>fllGITUOEelle 2266 

l lOH fLE VA Tl Ofit/ /20K • 3A8 1 1X., 2C 21 :J,F9,'t ,51), F tl .41 JI I fl 226 f 

lOO't FOJUHlllt.H P•08LEK NUMBER tiU,61,l'tH IEYt:NT NUflllBfR 1A't161,17Jot CAMEil 2268 

1 ii8 1 6X 1 21,.. OAtE Of C.ONPUlAllON ,2A8,Al//16H STATION """ 2269 

2aea ,,,., ... ,.,H PLATf NUlllftEll ,A't16l122H TRAC.II.IN& UHIT NUlllBER ,A), 2270 

') 6ltZlH OATE OF 08SEA~ATION ·,2Al,Al/ll/IJ 

100§ fORllll&TUOX1 LllH PROBLE" CONSfA~TS//]Jl,18H PROBt.fll lOl.ERAN(E1ZlK. 2272 
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lE:l .... 91/l3X,31H REf'R.4C110N TOlfR-'NCE tSEC. AACJ,8X,fl<4t.8/1 2271 

LOD6 FOltJllATCJlX,2111 OISfOA.HC'N TOLEflAN(.E,ll!U1EL"·8/J lZl.,_ 

1001 FOll .. ATllHll//140X,37H FICHTIOUS DIAGON•l •ornr OIRECTIONSI 2215 

l008 fORNAJtlll1llH STATIOH TENPfAATUAE (DEGREES KELVIN•e.?:lt,fl-.8fl Z276 

1009 fORPHftloll,JOH 5TAJIO~ PRESSURE lflt" fllfRCURYJ,9.ll,El•+&ll 2277 

lOlO FOAllJATlllX,)6.H DISTORTTOPll CUllVE CROSSOVER DlST.li...CEd1lC.EU.8f1 2218 

IOll FOR,.All3>X,lbH DISTOATION CURVE INTERVAlo13X,El•.811 l2lQ 

1012 FO'lMUillX,)o\ti OfS.TOfitTIDN CUR~E ... UtlJllUll o•srANC.E15X.,El•.81////J 

1013 fORIU.TCllltllH COllPAIU1TOR/)5X,7H 'IU'l8Efte2H:,L7H ~AME OF OPERAlOl\11 2:281 

1151.,Al,lCJJ,lAll 2282 

IOI• FORllATllHll•QX,ZOH PROBLEM DESUIPTORS/11/11 Z28J 

lOlS FOIUlATCl9X,12H NINIMUlit SOLUJIOM (.QflllP\HED .. uni .tZ,6H STARS/In lZ8'41 

lDlb FORlllATl'4ti'l,29H NO .. INIMUjllj SOLUJ(ON CCJMPUTEO/l/t izas 

1017 FDAlllATIUX.t7H PRE-AUN COll'PUTfO///J 2286 

l0l8 fOA.fOTlJ41.,50H co""o" SCALAA: COMPUTED FOR I( urn'( tCJI EQU1US C'tJ// Z21H 

111 na• 
lOLCJ FOIUUJ(l1l,73H INOl'l'IDUAL StALAA COlllPONEJ\ITS. CO"PUTED FOR J A,,.0 'f t 2284 

ICX DOES NOT EOUAL CY 11111 2200 

lOZO f0Rfll,Af()9Jlt41H COMMON WflGHT ... nu• fol ALL .. ._,m ... SfARS///I 2ZQl 

1021 f0Ull.t.T(J8.:, .. JH l,,.OIVlDUAl r.IEIGHT fllAfRttES FOR t\NOWN SfARS///l ll'!'l 

1022 FmlPIA.J(HX,,ZH COMMOP\I "'Elli-HT Jl4AfRllC FOR. All PLATE POHHS///) 2:2"H 

lOZJ fORMt.Tt11l 9 "4H HIOIVIOUAL WEIGHT P4A.Tlil:lC.f:S FOil Pl .. fE POINTS/II) 22q4 

lDl4 FORllUTCll.1,'41,H REfll.t.CJlDN COEFFtClfNT CORRECTIONS C~PUTED///) zzqs 

1025 FORMAflloX,HH lj(J REFRACTION COEFFICIENT COOECTIONS CO .. PUTEOl/11 zz•• 
l026 FCJfU•ATIJ21,!MoK RA.DIAL t.>ilD TANGt,,.TIAL LE.NS D1SfOATION CUR.YES COMPUT 2l~l1 

LEO/I/I 22Q8 

l0l1 FCJA.MA.TC'4121.,JSH NO LENS OISTGallO~ CUftVE.S CO,.PUTEO///) z2qq 

toza FO'lflllATUOl,l2H R4DUL LENS DISTORT r~ COflillPUTE:D///t 2100 

10l9 FOAllUI lU, l2H C&llEU AllNUtH ANO ZENITH OISUNCE USED TO CONS TUI 2301 

LN ORIE~TATION .t.MCit.ES/l~lJl,UH DEG J41N SfCl'411Jl.llH AZlfllUTtl 

ll4,F6.l/"11•,Hil lE" 0('$ ,.U,1"tf6.1///I 

•I 1, 2)02 

l103 

lOlO FORlllAll/15.C.,lZH MEAN E•ROASt61tlSti ERROil ELLIPSES/ 210'41 

16111.+ kl ASCEMSIOHtll1llH A.1 .t.SCE,.SION, 2105 

ll,lZH DEClfJIAflON,ll,8H •ZllllUtH,Sl,lOH ELEVATllM11XtlZH IU-C 2J06 

JOSUM:C•tll1IH DECl,'5l,2H A.6.l:1Zf1 &,U,«aH lHfl&l6•.12H I-ti. !ielM SEC, ZJ07 

.. 21,ltllM DEG .. ,,. SEc,z1u,ZfllH OEG "'" uc,1U,91,248H SEC ARC. 2JOll 

SlU,JJl1Ut SfC '41:£,'411,,H DEG/) Z10'9 

lO)l FOfl,.&UZZl1 lbM FlJil.t.l. CAllERA DIUUllJATION .lNGil.ES TRANSFOll:lllf.0 ro ' llE 2110 

LFEUAEll(E STATIOll SYSTEMll~U.BH SUTIONJ15X.l3H AEFEROCE sur10.. ZJll 

Z "ANE.,Sl,lH W"a,fa,111,QH LA.TITUDE1QX1 lOH LIJNG[f'l..OE 9 8XtlOlt ELE¥Alt0 2ll2 

JM// LSI. ).t,9 t ... 'A' t zx t 2 nx, 21) t F• ·' ~ 's• ,FL l. ft///) 2) lJ 

ll,F6.J,l•,2t Utt2 •1f6 .. 2, ll 1 1N Oll[ENT t1:(ll,F7 .. U .2( l 

Z'JU 

2315 

Zl.,F J.:)), IX,FS.O/U•Jl16H fOfU.,2t 21,f'l.1 t1 ll llltfl. JI, U,fj.OI Zll6 

lOJJ Fi.flt.Ut//IZ••·661M FltlAL CAllEIU DJllfNTITION t.-.iGLES fftUISfDAfUD ro ' 211'1 

l lllE&N ll'Ol.E S.YSl£•/lll1,ZI~ Jl-(:OARECllOM A.NGt.E tSECt • 9 f8.,,5lltll!IH Z118 

l Y-C.CM.•EC.JIOJlt ....... f CSECJ a 9 fl.41 Zll• 

lOI• FOAlll .. H Hl.,41H flJIHl C.AMfll.t.. OtlllENT.1.rlON .1.NGt.ES Nll TlA.llllSFOIUED• 2:110 

lOJ5 f08Ml1'~11///4lltl)H TOIA.L NUtMU:a OF STAllS JN ~•CJM.E•llJ81:,l2H llJllOW 

... sra.1u,1S,SJ1,l4"+4 U•HOWlll S.T.t."Sd~///)71,,,K fOJAL NU•8E1' OF PLAfE 

l 0.Sl•'lt.Uatl5 OF $lU.S//)61.,41H OlllllENTAflO" OF 110\10110111 STA.•S OF U 

JNIC.NClltlt 5TM$//.011,'41H fll:E,ll•,J,,lil.,14/...01,,.tt Posr.1011,('41,ll•,14/ 

4 19 ... 6" Evun.10 •• 14,11•·•4//411.,ZIM-1 TOT.1.L,IS,ei••• 

lOJ6 FO~MAUUolt/401,)llM NUMER OF IHRA.llClfllS WILL NOf EJIC.EEO /) 
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lOJ7 fUA."'IUf4 R(,,i \J ..t flil.JNJMU,.. SOllJJI C ~ - ,llt 

lOld t- O ~"IATli.. ~ 1 1 20 H "'IAXl~U.U ~ 4l lUTIO,_. - ,llJ 

1 0 .J 'I F- U ~'1All / / / 'JlX,,7H "1UH .... Ul'ill $ 0lU1J CJ ~I 

I04o 1) F ' IH. ... AT,/ // '->LJC117H /1!:4.11.l"tU:-t ~U L U ll ilNI 

2 ll5 

> H b 

2 127 

2)lR 

1 1 1-~S//l7(u~l>1 O itltNfAJl • l~ PA~.011 F ft )ol, S,r, t. ,l ? ,l O J;,t Zll 7X.J~ HA.A ( Cl lB O 

l tJ "-JINArE S ,l.l H,14•/lH,1 ' 11 PLATE (ULJP'1("1A. TES , cnt,l1+//J7lC,7H 'f 'J T.U~ .? )3l 

Jd (' J(,lt Ba, lr.t//c,7)(,c? OH l''UJ,;tf ES :i~ FR H l)Ol<ll ,14fl//4 i:U,l l H LE!f'H Of lB l 

olt l> l~Ck E PANC1lS//5JX1fl4.~ / I 2)31 

104J F0 -4"1ATlf>H EVENT, F~. 2. l ll I 2 c 1 JI I' 2 I' F 

l J}b 

l lH 

Lb.2,2x,11,111., ll1f'b.l,lX.ZIUC.1n,ffot. l ,lX,7H fHUt.~T,zt2X,F7.H.2tt ll)FI 

o::,F7.} J,lll,f.,.0/75X,f>H t o ru.i1211::.F7.lJ , l l U,F7,ll. l.(,f'j.OJ ~ nq 

1044 FURlfAfU/6lld711 DIACIJ ~til PnlNT C,lldr-t, lldJHI C:E ''Hl~f.HMS• l340 

lll4'; FOR1'4AH'ilM.,U4o.8J ll4• 

lOolt'> S:1.N .. Afll//'t3JCd2tllH lfE ~ ATl U "l.S (. 114PU:. H UJ 1 342 

1041 f- Oo{NJl,ff///"t;ll,lOtt FOUf.I. l)JYFRGf NI S.JfP). OC CURIU D- 2 141 

10411 FO~ ..... ,,,,,,lJl,5bH ITE .< l.TJ UN ~t~•}lr5 OIFFfM ~y LESS JH1'Jlt r ou~A"'1Cf l J4 .. 

IHfTl"(;J > H5 

t.Qllltc;! FOKllllfl///HX,44H fH_F-lA C ,IOfll Sl1UJTIOtt Ellfllt~•reo F~HJll! PR.08LE141 2 346 

•o~ u FlJM"'Art\1-t~lei.O:,)U-t S UR: 4~L) P LAH (l)IJ ROl ... ATE OAT4t l h7 

10~1 fOl'lllUJt'JJJl,)21-1 CCON11~Uf:ll)I )Jllltill 

lQ~.2 Ft.J'l:l'ltAffl//llJl,l'H NOA ... ALILED S.UI\ MUGHTS,l61ltl2'-I CUAUlG ..O.t11U, lHq 

Ll~H STAR A.cSIDUAlS/bH STAA/55'1 ... u•1U:A. RIGHT A$CfN510Jrit DECL PU 

A A I SolEC AIR(. I DH.l 

2150 

2351 

11 ~EC ..._c, 11u.t!>,1JC, )12.c,E L4. e•. ~•.u., ir.x, ·u lll ,E 1i..1H1 2 p;z 

l01'J F01114A1tlHl/ift411itJlH S.TAR 4N0 PlAIE C~D1"i1AfE [)U4/5)X,l2H IC Dllll""U 1151 

HOIJ 2 15111t 

1051ft FOil!ltAfl/Jl(1.lt ... Plll.9)C.ir.H Pl'l',"J.,5'H PlllY/151C,HH All ::>IAG·J"U,l POINr 2 3"l~ 

'5 CU.PUffJ Wlftt P\ATE "'EIGHTS Of.Z1t,_HflO.lllt1lJO/I 2156 

lOS~ P:.0A.,..AJt/b'r4 POl'H,2Jl,81'1 OM.HNJ-,lJC,2lH Pl.AH: t0()A.01NArES '~"1,7.11, 1.1'51 

l 2SH NO~M&ltlED PlAll titEIGHfS,U. ,lllltH SIOEIH:Al ll,.E-15X.ZOtf PLUE RE llSR 

ZS tllltCRL»iiS)/7 ... ~dEA,lX,bH ATIOll,llt t JMI l.11,9.11,lH i.Y',10Jli,it.H ,Lll,1:11., 2 J~q 

lf Al'tGU tUIC S.ECll2l!ll, 2 1\0 H IULC UCJ,lXI, 

DECLIPU.llON •I•COS. ElfV tL.fYAfl[Jll4/t 

2160 

ZJb2 

Hbl 

l051 FO.-•Ullf///)5:11tlt9H NO l.lltVEJ.tSE. FOR. MEOIJC.ED C. 0 .. 01110111 E:QU&UOH f'Allil, 2)ib4 

UXI 236S. 

lD!il!l FO-,_.lll4 llt I&~ JI,•§ ,21l,fll.5,F Ll~ ~.1•• 14 21l, E'9. 'J} ,ltJI. Zt tll.l 2f ,F!i."' 2!6b 

l21fU.Sll H•7 

1059 f()ll .. Alt///lSl , 82H f>lAT{ C00Al)J .. AlE OAt• ANO tOMPUfED ST-liill POSHION 2lbB 

fOtt utnlJllO.P'll SIAR - STiiU. "-U•tH: A , l&rlll21Ct L2H IUAN fRAOA\tl81, lSH 2Jb9 

E"80R ELlll'S ES/65"",J'iH AA • tOSU>ECl t.l'llltl2H r>E.tLIJriM.llOJrt,&Jl.lH A, 2170 

l71 1 ZH &,2111~6"1 THflA/2Clt>H MUiHT AS.CtN~IOflril,)JCf,2JC,lZ'1 DECLl-.i•YION• 2171 

•IO•,Jl6J1,IOH tSEC AAC)l.~Jl.6 .. ~UEG,,JH ... u.,111t ... ~(M,2Jl,llltH 5-tc .. 1•, lJ1l 

521111tJl.1'-H DECi.lM:,'-H lllU1,,X,111tH S.ECl,9•~7H [JRIENT/bOX.St-t IJ'itlY 1 ~ltfl.J 1 2.J7l 

eex ,Fl. 1.,e.111,ltfl. h2Xt ,f~.oll x, 2' 1z, 2• l .f7 • .J,111tit, I J, zx, 12, z1,Fe.. 2, 23 1" 

7"ilt 21I2 .l.11, ,F b.2,b.11,6~ fUT1U, u; ,Fl. ),8111F 1 ~3 tl'tXr2l F7. 1, lX t tf'-• 0 ~ 211~ 

l06D FOM."'AHJ/J)61."i6iH AZl""-ITH-HNIJH OISfUtCE PLATE cooaoUUTE O•JA) .?)76 

.lOOl FOiUfllAH/JJ281 1 62H PlATE. tOOAOUUTE OU• FOA POIN'S lllKlT USED I~ PAE ZHJ 

1-R.UN SOLUTIC"'1l 2H8 
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1062 FOR."ATf/l6l,47H (PLATE COOFIOINAIE DUl COtHl~UED ON JrtElT PAGE~• 23-79 

1061FOa.fillATC1Hl/illl 1 J4H C•lllERA DRIENJ .U[Otll Pt.RA .. ETEA DAU> 2380 

l Ob't FOillflllA l 1lOX,20H ORIG lHAl PA.RA METE llS, 31.1 4 l SX, El 4. 8 t) 218 l 

1065 FOR,111UllOX;20H C.OJllPUTEO P&A.A,lllfTEAS,ll,4l51C,E1't.8' t 2382 

Zl83 

10617 fORIO,JC 1ox, lOH R.ESIOUALS1 llX,4fS.t,E14.8)) 2184 

L068 FORM4H 10X., l2H CORRE:C.l[O"'IS,llX,.\C5XtoEU.8} t 238'S 

l0ti9 FOtUU.Tt LOX,t211 MEU'1 fARORS1llX,4(5X,El4.8J I 238& 

1070 FORJU.fl/IZ'U1L6H EPSlLON tGRAOSl,QIX,JH XP1UK,)H YP,16oX,Jl-I 0:,11!111, 2)87 

I 3H (Yl 2388 

101l FORM4Tf//12Xr8H OElTA X,l1X,8H OELT• Y,.f}X,)H .C:l,l61C1lt-I 1.2,u1,lt1 2J81J 

IK31 2)90 

1072 FOUUIC//3SIC.,J" 1..4,ll)JC,JH K51llJC1l5H PHI-' tGRt.OSt1lOl.1lH IS,16111 2l<Ql 

lH YSI 2392 

1073 FORN4Hf/42X,6H fAU-l,tlX,6H fA\J-Z,tlJ;,bH fAU-].l]J(,6H TAU-4) 2)93 

l0l4 FDR .. ATt,.t U,Ellii.8>. u x,12,6x-1 tJ 

l07S fOR"AH ltH/ll//SOX,l8H COMBHIEO . S.DLUTIONI 21QS 

1076 FOA,.AfC lHl/401.,l8H su•s Of we1c;H1eo SW\JAltES OF AESIDUALS////,.SX,6H 2'lQ6 

l PlAff,'ilX,El,..8/o\~H'..6H SfAR.S,9X,El"1.8/,.l)Jttl2H OA1ENUJION,Jl.,El"'·8 2397 

2//'iiSX,12H GRANO JOJAL,lll:,Elo\.8/////1) 2198 

1071 FOAMAJI IHL//l//4'9X,21H KO CaMRIHEO SOLUTIO~) 2Jqq 

1078 FOAIUTt//261.,&lH ORl.ENTATIONS FRON PAE ANO E\IENT STARS COJrtSTRUHEO 2"'00 

l TO CO,..llllON YAlUESI 2,.01 

1079 FOA.JitAH J2lll.,.lH ,.f.&N EAAO" OF UNIT lllE IGHJ Fell PROBLEM 

111/lll 2•0~ 

1080 fOA.MAl•l,X,46H OETEAllllNANT OF A.EOUCEO J.IORMAL EO\JAJIO,_. SVSJf'llJ//J 2"0' 

1081 FOAfl!AH41Xt l'JH MINi(MU" SOLUTION ,f l'.811 

1082 FOAJlllATl,.JX,lQH MAklMLt.14 SOlltTIO,_. ,ft,.U 

2•05 

Z406 

1081 FOA.MAH1Hl/38J:,,.2H 1NYERSE OF IHO\JCEO NORM.Al EQ\JATl@ll SYSJEMl Zo\01 

LOB .. FOAMArll'S.X,tlH ALPHA IPREJ,12~,lZH (UllEGA CPAE1.12x.121-4 KAPPA fPAt) 2408 

llZX.llK ALPtlA CPOSfl~llX.l)H OlllEGI CPOSTJ/) 2.tii09 

1085 fOA."Af l/5X,llH ICAPP4 CPDST),lOl.lliiH 4LPHA CE¥EMTl10k,14H ONEGt. Cf 24l0 

lVENH~lOX,l4H KAPPA CEVENTJ,lo\IC,!H EPSllON/I 2.tiill 

l086 FOIUUTtllDl,JH lP21X,3H YP211.,JH CllllrlH CYlqik,8H OElT4 X,. 2"112 

1087 FOAMATC/JX,BH OELTA l'tlfi!X,JH KltllX,JH KZ,zu:,JH l( 'J.221,JH .. .,,, 2.tiilJ 

1089 FOUllAfllH I 12,lHt 12.lHI Eltt.8,.\CZX,Zt'I I [l,lH 1 12tlHI fl.tii.81 > Z'l' 

1oaq FORIUH22M,,.12.l,2'H ( 12,lH, 12'1Hl e1,..u. l"''' 
1090 FOAMt.TU6.X,Jf.Zl.,2lol 

1091 fOA,..l.fCTOx,212x.2H 

l2- LH, ll1 lH I El,. .. 811 

12.lH., 12.lHI El,..9tl 

2•10 

2'17 

l09Z f0A.JU.JC96l.2H 4 IZ1lH1 12,lHI EU.81 2,.18 

l093 FOR-'llATC//261Ct66H OAJEHTAllOlllS FROfill P&E AHO ,OST SfAAS CO"'ISfRAINEO 2'419 

Ira COflNllOPll \l'.ILUfSI 2.\20 

109' FOAKAlC//Z6X168H ORlHITATIONS FA!lf' POST AND EVEIU SJARS CCJlitSlAAUU: 2'21 

lO TO COMMON V.lllJES., 2.\22 

1095 fOA."AJrJ/32X1S'H DECISION FOR C.0 .. 81J-ilf~G StPA1UlE O~IENTAJIO~S SASE Z"'21 

10 ON/llltt UH fA,TOA Of 1F8. l, 12H T llllES "EAN EAllOll OF SP.I.CE Afiil'.;t..f> 2'ii2"1 

lOCJ6 FOAM.1.Tl/////JJJC,59M lAUCSfOIMEO CUIE•A OAIEllllTAJIOJ!t •~Gil.ES fCMl EVEN 2'25 

IT STARS ONLY//)llrl'H ALPlill IGIUOSl,U. tlwt (JllllEt;A CGftAOS),5)(,UH IU 2426 

ZPPA 4Gfl.IOSl/lJ"- 1 l4SIC,El't.81J 2421 

l097 fOIUUT(lHl/'ii81..Z2H O\SlOAJIO._ CUM.YE OAU.J l'iilB 

1098 FOA.IUJC Ll'tl/471::,Z2H OISfDA.JIOJrt cuavt D.ITA/lt1X,12H COlllPUfEO FOta\l l 1"'29 

lENGfHS (lllfTEASI .1s1., ,Ztt ORIENTATl()til ANGLE FOR OECE~TE•Ea DISlCltl 2.\JO 

2l0Jt IGAAOSl//CU,)H CX,71.,llH MEAN ERRQ9t,JJC,JH CY,JJC.llH MEAN. EA.tOa 2.tiill 

319X,6K P14l-td21.,LlH fllEUll EAllOR//11l.2(21,FlO.J,21..Eu.u.u;,z111, 2.\)l 
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4E:l'htn///b(, SOH FOCll u;f'll(.,fH FL:R 1~A."ts.f ll l.04LO RAlllAl onTORlll'lJrrf I 24H 

'.1114.ETE.RS•I 7.C.l,l1H DlSIOA:llON CU'itVE./bH,1H ( - $TAJl:,l.2ll!,11H .. E:4N ERROR 21th 

6lq(,2bH (RIJSS-OYfR POINT t"4EfEA~l ,taJ1..llH .11.-lEAO Hk~ / ll"'X•Fl0.1. Z'd'5 

ll)qq F01C10fl//"i J X 1 l'H IU.Olll CUAVES.)u;• 11H OfC.ENTER£0 (UQllE//?1..,UH j; lft,1 

UOIAL OJSf.UICf,H,lOH COMPUHO r>(S.YOPflO"°l.l2H P'l(4N ERR.JR, lll:1llH l.r.lfl 

21RaN'!,FCi.t~EL..I O CHORTIL.:111,lZH •tAfrrlll fRR:DR.)I.tlH Of~tOIUlON, 12H "4fl l'tl'ii 

)fril. ERSlOR/lfl 1 SH 1'41111Jr6Jt,21H.,l0H t"ltA.O~S.Jl,2X,l(8J.: 1 lOt1 <•HCAO~~d•, llf4t0 

-4lK,Zl2Xtl0tt 1-.tCRON!>Hl 24'tl 

110' fQM,llj!Afl / llH . • l l 1 81 tll 8•,Fa.] I. 211:, 21 I 01 ,f8. )) ,2x .2c 't1,F 9.] 11 71t4l 

1101 f01l,.Ul/"8.ll.Z.2H CCONTl"4U€1) l!IElT PAC.fl' lt.4] 

1103 f[J10U.ft////11it,0(,30H ERROR l - SJ4lil NtJM81:RS DO .. or lGRH//)H, 11H s l'-'-4io 

lU.A HUli'BER ,t~,'>11(,l"H POl ... t ,..Ltlll!\£" .Jbl 2ili45 

llOt. F0ft111Afl/////2Jlt.b7H ER~OA. l - lt(Q INYE't!tE FOR STAR CUORDINAf[ s.ua-~ 24rlt6 

LATA[X - HAR -"i!Uflt8EA tl'SJ l44l 

tlO~ f-DU4Ul/////1,r,lX.l4H EA.ROR l - ""11 f:Nr!UGH 08S.EllVAfJ01''i) l1tlt8 

llOb fllK"1ATll//IJ)l~,~bH tRROA. Iii - -..1 (lt(VERSE FOR REDUtEO frrifOIUUl EL>u•Tl l't"9 

l:'lk lllUll:litJ .?41JO 

1101 FU.HUTCf//.r.)Jle)M XS.,lbX,)M Y~• l.fii'Sl 

ll06 fORMATllOl,ZOH OtllCUf:Al PA~UM£H:R'S, U1ltSX,fl't.Bll zie,~z 

JlO'l fORJi,Att lOltlOH C0"4PUTED PAAAMHE.RS~U,l(51C,El4.BI• 24SJ 

ll&O FOR ... Aftllil/C.BIC..lZH REFA.ACllO~ C.U"VE O&TAl///Hit,41~ LENtrH OCST&NC 14~41> 

Il,8M UEf..AEE: S////1011:.Le.H ZE~frt-t DIS.filNC.E 

2 u.,t7H GIVE!t( RtflU.C.tto-.,JX,ZOH CO"'PUIEO REftlACTION,SX,llH llllfJ.lt( ER 24ioSb 

Jlil.0~/l)I, lOH •DECREE!.• ,)ltlC41X,l lH t SH.0 .. 05 OF ilRCJ I J Zlt'H 

llll f'0'l"'.Ul/28ltl2•211:,341J1',fl!l .. JIJ 2'tS9 

lll2 FOIU4ATCJ//'!10Jlr20H RHIU.C.fION SOLUTION> 2.fii~'il 

llll FURllUT,l/112Xt2'4ioH NORJllilllEO S.TAA .,_EICHTS.tbK,lOH 14EAl't ERRORS BEfOR l'toO 

IE AOJ1.JSf..-ENT111lltl'SoH STAR lllESIOUALSlb~ STAA/llOH NU,,.HR •• 
DEC.l COAR R t. (S.EC. J.A,( J DECl {SEC ARC t R A I SfC 

JT1JllE• A It I Sf' ARC> OECL ISfl ilAC.H/ll.1'5t111,H ll,f104-.),'5•llt 2.fiil!t1 

4ioE l41>.B1 t 24iob4 

U14io FOAMATl/6K POl,,.l,211:18H ORIENl•,lWtUM SIDEREAL TIME,11' 1 ZSH NOA.M4ll 14b'i 

llEO Pl•TE WflGHlS.,l5'1,lZH PLAff COORO,JXtl2H .14.f:. AEfOlilf,ll,IOH Pl 2-.66 

l l lo; fORlllJU 111•rlo,H1 A~r4ioX, 2' 111 12>, F !l,.fii ,2l, )( 2'1(,f9 .. ) l, 11, Hi L.1 1 HF l4io. 2469 

l~ll7'5X.JH LYtllfl't.~J, Z't70 

Ulb fDA.MUI l0Jt,241>H MEAN ERRORS OF- Ufrll,.. tf0Wlt(S.t4X,El't .. 8,!li1CtEl41>.8/lOX,lJli M 24ioll 

HA.'( fRHORS. 8f:FORE lDJ,Z(51C,E\41>,91/lOIC,Z.fiiH APPltOX[,,.ilff Jlll.U,N ERADAS, l4io12 

24•,El.-..8.~l.El'- .. !ll 2411 

lll 1 fOR•ATH.,.t.~~11 ca ..... o,.. Jillft.frit EA .. O'l Of PLATE NEASURE•E•HS BHOlil:E ii.DJ 141" 

LI ,EU.8,"JM lY ,EH .. 811 

UU FO~MAllJ"iiW1fJ.1.H (UflllMOlt( ~EAN ERROR Of l(.NOllll"' SIAAS BEFOllE ADJ .. 
I ,f:\4.8,BH DECL ,U4 .. 8J) 

lU'I FOM.M6Jl///) QJt,b'Sli All ME4N fllROMS (.(},911PUfE:O U5lNG PR08l.EN litf.t.11111 El.RO ZfflfJ 

ll Of- UNJf WflGHU 1419 

llZO fOllMUClllZ)l,&SK ill •EUI t:ltAOll5 C.Of"PUfED US[fllC 1 .. PUT 1111E:4N EU.OR Z'4BO 

lOF l»IJT WEIC.H' •1Eh .. 8l 2UI 

llZl FOIU'AIC//J/Z'U,6bH IHf FOLLOWING PLAH POtllllJS OR STilllS HAYf: 8EE"1 ft l482 

tE.JtCffD I .. ii.DI/ANCEi) 2.fii8) 

lll2 FOIUIATH//JSl,82H PLllE COORDIN1UE OUA A"O C0"411PUTED STAR POSlTION 241>A4 

l FOR UflltltfrfOWN Sf&lil: - SUR "'V•SEA .Jtii,//7Zltl2'H llllflN E•A.OR\"•U.l.1511 zt.1t-s 

1 ERROR Ht..IPSE'§.fib~l,l'5H IA• Crl!t1DlClt,ll't12H OfCltKAYIOfrf,6.X,lH At lfffl6' 
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JJ'X,lH 8.Z•10H TIHr•tlrlbH AlGHT ASCE"llSJD~1Jll.2l,llH OEC.LIKUION, 24'87 

4l 0 Jl,Hbl,l'H tSf( 4RCt• 1 "J:,bH (OEGJ/}H HR,llf,4tH J11IN12'X,4tH SECtlS:t 24.AA 

52lloJ 1 "'i'i OE1.1.l11 .• 4'H "4!N,l'.ll 1 4'.H SECltlJl,1H ORIEHJ/6>011.t')H ON\.l,4tX,Fl.3, l\.!llQ 

68X,F7.J,tilli,ZIF7.J,2lJ,'tH ... D /U,l(IZ.i•t,F7.1,itlC,f),2'A,llt2Jl,,FtJ.2, z4i1qo 

7'tKr2C 1z,1 .0,F6.2t6X,6M toTAlt't11F7. ~.ax,f 1.],f)J(,21f7.l,Z111;J,Flt.OJ 2o\~l 

l \14. F Oiol:MA1cH.'"IH1248,A l /]X,A4t, 3A8t 11 .21 F'ii.a,F .... O. Fi.4tl ,E l4 .8/l x,A4t, liii'H 

JI,,,. I JI 1-'8t lX I AJ,«.X, ..... lX .. lJ.9 I 2• ,£ t .c.. 11/'iJI. !H lJl,E L"'. 81] l'4.Q4t 

l1.l5 FOAl'llATC8Jl 1 E-l0.\01lJt,£1f>,lO,U1E.lb,l0.1X,El6i.lOl lo\'JS 

lllb fORf'llAf<Jl6o•,4tlH Tl-.( COlliA.ECl[O°"'S A"PllfO TO PL.UE nR~fAV4f10i,S/l'Sl 

211,ZCf J.01 l.XJ ,F8":.4t/o\6Jll ,6H EVE"•H. llf,, 2Cf i.o.zx1 .f 'i.lt/////I 

ll27 FORtl!Afl/JHt'Hl1 ERAO!il. - DlH~l- ION NOJ CO'-IVERGING FOR. POUH JlfUM8E:'l 1"1~1 

1 ,ul/~Bl, ll)H OEtRDt - .u .... a,au-1 IJELU.T II: .fu.sn 

ll21 fORMAfl '"1,!>lH SUflS OF Pl AH AESli>UALS. fOM. P OINIS USEU IN SOL\JflO~ lltqq 

lJ/ZSl,}M y:ii;,,,,IJl•'H \l'T,2~X,l4H At.GffUIUt 5'Ul'4/l21,9+1 POSI TfVE,lOll:, 1'.100 

.2"9H llrlf(;A1'\l'E.l'il,9t+ f'OSJll\IEd0•,9t+ -.f.,.a\TtYftlS•.lOK \I':( ANO ''IY// lSOl 

.J 2C L01l,El1t.e.sx,E11t.1•.10•,t:U.~/I/) 2SOZ 

IL29 FDIUUTl//llSJ1,f!llot Pl&U C.OOADHUH: OUA A .. O CQ,..PUTE.O 'STACI; PQUTtOlrril l°'CH 

FIJI tJ•NQ101 Sll• - STAI JlfU.._81ER , lbd/Tll,12 ... ,..E4~ f"A.OIS 1 18J:tl,,H l!>Olt 

ER•O- ELl.IPSES/651.l"H A•• C.OSfOECl 1,llltllH OECl!MAJICM,&1,lH A, lS0'5 

l7•12H 1,2.Jl,•H T~TA/~nl6H R!GHJ ASC.ENSfQ9111,)JCJ,ZX,12H OECLUHHON, l,06 

4IO>t. :H••.IOH CSEC A•C.11,0;,bH (OEGl/)H ~.u,•H lllllN1t'J1,ltl1 ~Ec,11., 2~0T 

'!>llltXtltH Uf,,11,ltH llllJN,U,4H SEC.lr8117H OltlE,11iT/bOll:,~H Ollft..,,,,,.,,F1 .. 1t 1'~08 

6fU,FJ.),e.1.2ffT.J,110.-~ 1'1110 J1JC.21ll,l:O,F1.J14t•rll,2~.12.2a:,Fe..z, 2,oq 

71tI,.llll12•1,~6.2.&X,6H JOfAL,U,FJ.1,e1:,FJ.J,of:IJC121f1.J,2u,,,,.. .. 0) l'Hct 

lllO F<J\Mll//ll~X.9ZH PLUE COOROIJrUifE OArA MD c.o•uu:.o lTAI l'OSIJION Z'lll 

FIJA 1.t•1otO..N STAR - SUA: NUJUU;R tl6.l/J2l,llH •fAH E••OJt$,l91,ISH l~lZ 

E••oai Hll~S.E!l. /651C,l'" ilU. C.OStCJECLJ .ll,l2M OEC.ll•fl011.••·ZH .... .z•11 

l1Jl,2Jot e,z ... e.H OtfTA/2116tt AIGHT ASCEN'!ilm'11,J0,2Jl.12"" OfC.llNAJIO.., l'l"" 

ltlOX,lCb"lilOtt CSEC. ARC.11,ltll:t•l-i IDfG)/)ri )-111,l.(,ltH NOl,.lll1•H St:CdXt l~I" 

!i24•U:,~ ... OEG,u:.1ttt "IN,U'.,...+i SECt,e '1.,1H OJPdENT/60X,SW 0Nl'te4&,f"J,l, .l'H& 

1••.2c12.21J,Fb.2,e.x.e.K flHAl,O,fJ.1,81C,,1.J,e.l(,2lfJ.J,zxt,ltH NO t 1~18 

a lll FOUllAH H l•, E llt.fU .zx,a1t,2• ,,.,, 2.l,A'§,,' x,111 z' lq 

ll)l fO.IUH/\l,SH SfAlltlO'll,Z)H lllEAlll PLAH COOROlfliATES.,J7lll,llti MAfllil Pl& 7'U0 

lll AlSJDIJALS,17M NU•SE•,1ox,1e-i LXd-'.l,}H l't,ZSl,ltH Vl.lrHl,Ut VLT, 1511 

z1a:,l2H RADIAL C.OllUl,Z•tl6H TAliil(j,fJHUl C.lll'P//ll 1 1S,U,2111,f:l'9 .. 91tll l'Sll 

)Xe"'Cll,fl"'·ll) Z"S2i 

ll)) FO•llllAHZOh) z•z1t 

ll11t FORlfAHl!lol~ U•C.OAllf:C.T STU.IS• HAVt: 8ff:lill iPEC.lf.EO fOR , ... , .. , ....... s l 11il, 

IOLU'100.I Hl& 

'11§ FOA•AYU&,ll•rlU 2t2'J 

llJ• FOl.•All/Jo\H TOO •AllY at:JtC.lEO ST&._S OA '01~fS1 lt1& 

U)l FOA.MUllUtJ&ti 4ll PlAIE 09StAVATION~ FOR. STAil fliO.U,lo\'1 tC.AJ&t._0'-

l NO. 16,•MI H4VE/l7ktl!lo6t' &EEN fl:fJf(JfO, SO TME STAM HAS DE.Ell fllNI 

2NATE:O FlllOfll lttl S Stl..-4.JT 1011111 

Ull FOl.111Alt1"0ltlir.H ST4A Nl.l'lftEA ,le.I 

llJ• fOtl .. ATC,01,lo\to! PL.Alf POINT ,I&, 

llltO "OAilillJAHiZMIZt110X.66H fllll.M PLATt tOOAOlllAftS Of S14AS USf:O 1JI SIJitCLE 2,11 

l C.AilltfA& ORIE .. lATU._t 2-tJ• 

11"'1 FO~ilillJ.AlUt41 ,,ZJJl,lOA•t 2~1' 
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1- lll 2536 

l 144 f l JIOO,ft/OJ:,bH (AIJ-41 zsv; 

ll"") t- Vot Jlll.fllH ( ll1lHt J].JH} E!.tri.PI) 2~40 

lllob f f1 RflUfC I 471d4H ALPH4 ( CR AOSJ,'SX,l4ti 0"4f(.A IG1tAUSJ.S•X,L4H IU.PPI. 2S't1 

lluM4.J'S1/l~X,ZOH ClRlGINAL PAIU11trtAs,1u:.31El't.H,SJlJ/lQXt2011 C0fl4Pute 2Sft2 

lll PAAAl'4ETE~s.e11.,Ht.l4.S.511.UlqlldQH lllf:[GHf'S IUIA(;LINAll.~'C.'JCE:l't.8, 2'51\) 

J '> IO/lqt,10H .itE:'ilOUALS11 1U,JIE.l4.'J,ljl.ll9l1l211 CUARHfCO,.S1lblltUEl 2'5'to\ 

41o.'t,'">ll/l'9:Ctllol-f Hif:A.N ~RA:ORS OF U11it ...... Jl11Hr(S,4l,l1El4.~.so• 25'9'5 

114'7 fUR ... Ull/l?J.J4H UKIE.,,TATJllN .l"'C. lES FR011 Pftf: SfAHStl'Ut.3\H OllfNT.l 25,,.6 

IJIJllll AN..;LES F~Utlil POSf SU1R'S) 7'HJ 

1149 fO~NA1Cl/25'•,11tH URCE~T4TCON &NC.lES FlilO~ PtlE STARS1UX1lbH 0Atf"1T4 Zllit.8 

11,U .. ANC.lE'S FJl0'4. lVf:Hl STU'S) 1'549 

ll'"Cl FORll..U{/f21olf.,3")H UftJENTAllON A,_.f,,Lf:S FRO.-i POST \U"°S,lBi.lttH ORtEtH 2S'50 

\UION •NGLES F~O~ EVENT ST•ASI lSSl 

llSO FmU"4ffllQ1,ltoH ALPHA ((,RAOSl1l,lltH ONEC,4 CGRi\OS>,JX.UH 1.APP.l IGA. ZS5Z 

1ADSJ,'5ilC.14'H .llPHA IGMADS>d•.l4H Olllllf.GJ. CGAAOSJ.U,14H l.J.PPA ICfUDS ZSS) 

1.l/ll 1 1)H O~l(,lft\lo\t._ PAA,SX,)(El4i>.8,J1,,ZJ,J(El4t.81ll1/l:.,t1H 'OllPUTE ZSSlt 

lD 'AA.,c;1,JIEl4.8,31(,,2Xr3tC•fri.8rlK>/1l,l~H WEHiHfS-Dl4GtSA,HE14it8 2'555 

4, U ) • U, l l E lit • 8 1 3 l 1 / l X • l 011 RE SI UUAL ~, fU, ) I El 4 ... 8, 1 lC l , z 1, 31 El 4' • 8 • )I( 1 15'Sb 

~/llt1lH cmuuctlUNS,bl,HEl4.8..llt•.21.,)((l4.9,Jl,/ll.,12tf "fAJilf E.lil•O 25~7 

MtS,ttJtt l(E u . .s.Jitl ,21t. lt eu. a. JI, I ZSS8 

llSl Foat.-.ATClll.l~H POSY MINUS PRf, 

•• )lit 

e.ll,2(f8.2 1 '1tJ0,4X,lfF8.Zt6XI ,llFl!l.2 255'1 

1500 

llSl FOIUU.fllX,llH E"fNT "41ft\IUS POSl,41, ZlF8.2,.\ll,4X1l(f8.216U,zH•.2 2561 

l1JU> ZSOZ 

ILS.J FO"-"'Afl1l,l6H E\l'EM Mlft\IUS PRE,1Ji1, 21F8.Z,11tl),1tX.,Z(FB.2 ... u.z•Fl!l.2 Z5~1 

lt U) I 2Sb.\ 

llS4' fOIUUTtl/55X.l4H OfllEft\ITATlOIJrlll AHl;lt:S FRD~ PttE SJAa.Sl 2Sb5 

llSS FO"M.&tt//S5.1.)SH ORIENTATIOIJrrt l.NGlES FAOJll POST SlAIUl ZS6C> 

ll5b FOAlllATU/S.\••lOH URlEft\lll.TION Aft\IG4...tS. FAOM tV'E"J SlAaSt l567 

llS1 FOM•AIC2:ll 14>H H~SUFflCIENf fYPE l SU.RS TO CD"PUTE INDIVIDUAL CA" 25bl!I 

uaa ORIENIATH>H ANGLES) ZS69 

1158 FDRlllllATC 11.t 20H ORlGlNAL P.t.•••ETfl.S ,1u,S(El4.8,SI )t ZSlO 

llSq FQlil;llAflll,20f't CO ... PUIED PAAA•ETE•S,4illl,S<Elft.1!1,S1•) 257' 

1100 FOR•AT<U,lqH lllEJGHTS CDIA(,0JtALl.lOJ.,5CEl•.a,sut Z,7Z 

116! FORMAJl ll.tlOH IHSIOUALS.19X.Sffl-1t.B,.Sl)) lSlJ 

\IOZ FOIUllAfl Ur lZH COIAE,TIONS, l '11,SIE 14 .8,Slf I 2Sf4 

llC:tl FOR,.AH 11,Z.\H lllEAH EllAORS OF tJ•JrltOllllNS "il.,,CEl.\.8,SltJ 2515 

IU4 FQ.c.-.AHll//f)Jr;,SJH TRAft\ISfORNfD C.•.MEaA OAIENJ•UON ANr.t.ES FOR ,.f l'Sl'b 

lSTUlS 0Nl'f'//l81Ctl'tH ALPH4 CGIU.OS1,s1,1•to. m•EG.A .G.IUOSJ,U.l4H "''"' 2571 

2A lGRAOSJ(J)l,Ji!>K,Et•.ua ZIJll!I 

ll6S fORlllllAlC/////)l.l,S8H HUNSFOR.-.ED CAPllERA ORl~NfUICft\I AJilfGl..ES. FOa 'DSJ ZS7'J 

l sraas DHlY//)Bl.l4>H ALPHA IGRAJ>S•·'•·l'.\tt OflfGA fG&.l()SJ,, .... ~ 1.•P 2seo 

2PA l(,RAOSl/))Xd1Sltfl"•8H l•l!ll 

l 166 fOR'4Alt l"-tA4,lll•A", ll,A5, U,A,, All.AJ,4>iA8' ,l: U.U 

llbf FOAIUTUl,.\EIJ.10• 

ll&d FUM,.AJ(AS12XtltE11.10t) 

lt6{! fOtt"'Arl•UrSCEl, ••• 1 

11 lO fU~"•flll.t4•. u.e,1 L ,2CFS.Oef'1.0.F e.o 1E l.\.U 

llll FQR .. ATl/lOIC,ZJlol PlATE COOltOU••fES 1111.-.1,1u,z'H NOA.IU.l.IZEO PLAU lll'f 2S9J 

llGHIS,1u.zo" Pt.ATE R.{S '"'c•aN'illlJl.lH LIC, 1U,JH lftlbi,•tt "L•·•• zs1e 

l•'-" PLT,6X."iH PLO'tl4>1,4iti VlJ.,cU,.\H Vlf/81.,ZIFIZ.St,91,lllieE'f.ll, ZSI• 

J ,.t,lrF13.,U zsqo 

111l F04UIUl11,lE:l0.1.\~ 

Figure 20.--Continued (page 55 of 57) 
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llll FOA.fl01117~.lE20.l'-•l2X,lll 

qqqq FOA. .. AJC'5{ l1,E:l4.1Ul 

fNO 

SU8TY't., FOR.TR.AN, PUN(.H 

SU8ROUTT"4E ASPHSIN.lC1lO 

S • - I. 

' .. sn111i:••2 

J a 0 .. 

l x 

s "' s • z. 1"J'ilQ 

sno: • S.J N(•f•S••2/U S•l .. ••I S+Z.J I l!tOO 

tffAB5tS.UUl-t.E-Ll!ll),2,2 26.0l 

J Fl.ETURN 2601 

END 2bfl1 

SUBTYPE I FOA. TIU~,PUNCH lb04 

SUBAOllf l"E ANGlf C'r', 1,ANG• 1&0~ 

JFt XJ JO ,20 1 10 2006" 

10 1Ftn11.11,11 2601 

ll AHG • AT•N (VIX' 1608 

GO TO 40 1609 

13 ANG• 6.l1H1'1'5J07\7q6 • ATAN 1V/U ZlblO 

GO TO 4-0 1bl I 

20 If{ Vl 23,22,.ll 7b l2 

21 AM<;.• L.'5107'i16Jl671J4q 2611 

GO TD 40 2614 

22 ANG • O.. lb\~ 

GO JO o\O 2t>lb 

21 AtritG • 1t .. 7l218'9980Jl47 26.l 7 

GO Ta lftO 26 l9 

JO A~G • 1.l41'5'9l6'5)';t8Q8 • ATAN ('t'/11 2blq 

4tD RETURN 2&20 

ENO 1621 

S.U8T'l"PE ,FOR.TRAN,U•AP,PUNCH .2ti22 

SU8ROUT1HE GtlAPH ftf,A .. OC..,C.LASS,SOY,YN,NOC' 262J 

OlaitEHSIOM Cflll,AtiOCCJI rClA5S1 ).)2).SDVl),,¥111111,NAMES(JJI, 162-, 

f lT U: l §,)} ,Ol(6' I, OY4 f:r.S) .NOC( J) 2bl~ 

cmotarr. /AP/ ~••E.S lb21> 

CATA fT11Lfl1,1111•1.Slf40H TYPf l POINT!. HCNOW~ STAA.SI - X \l'Alut:S 2tt.21 

1 S,ITlTLE,1.2lrl•l1S,l40H T'l'PE l POUHS (11tpt0•N STAillS) - Y VALUES I 2028 

2 ,CTl'JLEt l,Hd•t,'Jl-,OH TYPE l POINTS ll(~CJM,111 s.TARSJ l+Y VALUES. 1 2b2Q 

DATA Pl t J. t-.1592651§8~8• 2~)0 

00 S02 1• L,) Zttll 

PRINl lOOO.OIAMESlLJ+L•5,141 2bl2 

PitlNf 1001.Cftllf(L.,J hl•l ,'5) 201) 

PRlHif l00.2,"tA"ES1 l"ilt ,,.A,.ESt lSJ ,sovc I l,,C.TI 1 f lt>14 

SDVflJ • SOVflJ•l+f•6 2b:JS 

Vlilllfll • VM(ll•l.EH~ lblb 

AK • -1.ZS•SO\i'( I .. VlllJl 11 2C.l7 

8K • 6.5•S.0¥(fl/A.11110((f) 2618 

K • NOC.UI • l lbl'9 

OYtlJ • O. li!t40 

00 -.oo l • lrllt 1&11111 

CK • L-1 2bllli2 

OUZ•l-l) • U:;+CK•!~ 2641 

Figure 20.--Continued (page 56 of 57) 



OXIZ•LI • Ql(l•l-lt 

O'r'tl•U • tl4S.S(l,ll 

SOO OYll•l•lJ • OW(2•L• 

l'llllAX • b.5tC.ftt•IAfrilCCtl-ISIJ51.Tl2.•PIJ 

CON "' YMAX 

"II ., lt-1 

00 SOI Lat ,flfl 

lflYlllfAX.LT.ClASS.Cltl)I 'fllll&.J:•(LASS.c I 1l• 

SOI COllllNUE 

LL • YtUX/20.•1. 

OY • ll 

OX • SK 

Ill.I( • 2•K 

X .. AI • Ol(KKI • llll/l. 

lf(Jrril0Ctl•.,l.l51 DX= l.•D• 

CALL Gfil,f 40X ll l ,OYi 1) tlP!.•¥., "'u.x,Olt l J ,OY( l l ,1)1.ov,2 .o.a,1u., 

O." t l rll1'4 l J 1ltItZHlS.1l1DI 

O~ • J.ZS•~OVl1 lf75. 

DO S02 1,.•ltl'51 

CK • L-1 

XN( •K • C«•OK 

YNC • C0~•£J(.PC-.'So•lrlCNC-VfllllllfS0¥(l)t••z• 

(All GRF IOXtlJ,DYttl,X,..Alt'l'llllAIC,OXttJ,OY(lt,ox,oT,l.,Otlrl1 

IP-l(.,ftti[, 1, l,2Hl)•-lt01 

~02 cmnuwe 

C.&ll C•f 10("4tHS.UIO 

itt:TUll:N 

lOOO FORNAU2 .. t2 1 10A.6l 

1001 FOR"*' I 2H• ,!16.~I 

lOOl f0(.Jll.&H1Ha ,SHPLATF,l.11 1 A. ... ,~l,~Ht:VEPrH 1 1¥.1l",5K,.OHJlllJElrrt E•ROR.,llt 

El .... 11,'5Xtl"HNUl'll8tM OF POl"'1IS1ll,UJ 

E•O 

SU8H'PE ,81 ~ 

lb ft ... 

lb ... ~ 

lb\b 

lb~ 7 

2648 

]64Q 

Zb'-0 

.lb'> I 

2b5Z 

lb~l 

]b~4 

lb55 

2'0~6 

26'H 

lb5!!1 

2•~· 

lOfJO 

2&61 

2bb2 

lbb1 

l6b ... 

2be.~ 

lbtib 

2bfl7 

266ft 

26"6"9 

ic:.10 

2671 

26 ?Z 

26-H 

lb1• 

l&15 

2676 

Figure 20.--Concluded (page 57 of 57) 
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PROBLEM CARDS FOR SINGLE CAMERA ORl£NTATION (ST£l LAR) 

.Pr.c;bl•m 
IVt1mNr. 
A~ 

Oat• of Ccmputalion 
Last .Prob~m 
Indicator. 

AlJ M Al II 

OJlJ ! I I I I t I I 11 I I I I l 11 I 0 

Pntbll.IPf Na,.,• 
U U ~ M M M M M M ~ 

I I I I I I I I 11 I I I I I I 11 I I I I I I 11 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 11 
J ; ~ 

-Ml:S(I) (•J (7) la/ (,) (10) (11) (1f) (11) -MIS (14) 

~ 
~ .-:: 

~ ~ 
A•.-r-. ~ 0-.0.. A\oofr. ,./_,I_ Aw- Oi.storl. Tnvu'""· I~,. I!cr. fnp.,t v ~ G-•'# o;_.,_, ~. ~ .5o/vfiOlt .SONt..m ~ C.,r.,,.•I aw• fl ft.o,cn ,.,,.,,_ Na~ . .Af1an Er.n:1r 11: ... 

/I JI II fl II IZ II fl [/ /l fl JZ JZ E l~. 11 ~ ~ 

D n n lJ CJ 01 Cl Q 0 01 0 01 01 I l-l l 11 11 11 IEI l I 11 D 
I • N .. jj H" " ZN0(1) ,., (.J} (4) (I) (ti} (') (IJJ (VJ (.o} {II} ITllllN rr111A1 T'I'-- IREJ 1HIS'1' 

Pl"O;b;,,,, l?•Fr.«fiM .St«lio1t $/ct ion bi.st11r.l1M Oi.slor/iM t:'1,,..,, Oi3/Dr.ti"'1 C'Vr.w OJ.stor.tion 
ro.,onc• {/W. } Tt>~l'K· (.s~) ~ (•/If) p,., •. r-~) Cr(MS-Ol'•r. (m.) I17frrtr~I r-J Mdli- (,,,) TOMrtMU (m} 

£101 EttJ.6 £10.6 £101 £106 £10.6 £10. 6 EIO.tf 

111111t111111II I t111 f [I I [I I [I [ n [ [ [ [ [I 111111111 [ [In 11 l [ 11111111 [ 1111111 I 11 I I I 11 I 
, "' ,, " "' ,, " ,., 

TOLR ()INT 

Dau or 06ur.insllt:Jn 
AlJ AB Al 

111111111111111111 
' Q 

'"} (17} (Ill} 

Figure 21.--Continued (page 2 of 5) 



Plot• 
Nunh•r 

Atl 

fJTO l 
7 

~(I•) 

C'om,oa,.a tar 
Numb~r 

AS 

I 

Comera 
Nvmb#r 

Ao!I 

I 1 I I I I ll I 
(llO) 

A8 

unit 
Nu""' er 

AJ 

~ 
(II) 

Nam~ oF 
op,rator 

AB 

I I ,, 

1.Y..o• B PQint 
Sickreal Timw 

Ff/.8 

1.1 I I I I I I 
TNW~8 

AB 

11 I I t I 111 I I I I I I 11 111 I I I t I I I I I I I 11 I 
' . 

JV.AMES (ez) 

AB 

C'am'ra 
Station NQ1n~ 

A6 AB 
s;!1,, 
Fl/) 

I I .. 

0 

F-'.O 

H'I. ""'"· 
l"':S.O F:S.O 

Tim < 

(.J) 

I I I I I I I I I I I I I 11 I I I I I I I I I I 0 rm m I I 1.1 I I I I 

PlaU 
/f<lm~r 

A4 

mn 

~~ H _.. 4P ,._. .,, 

(11') (Z6) (2') r:11,.,sr'4(1) (Z/ (.JJ (~J 

Rrrerr,,ce 
Slat/on Alame 

AB A8 
.Sign 
11'"1.0 

1111111111111111111111111 0 
' ~ " 

(.II) (.1Z) (.U} ll£l'SrA(1} 

Hean Pele Coordinates (.J#C.) 

z !I 
1'"8.4 F8,4 

lfAN&LC lt'ANfiLC 

l.a.t/tude 
0 ,, 

1"$.0 1"2.0 F ?.4 

ITTl OJ I I I.I I I~ I .. ... , 
rel (.1) 

0 

l".J.O FZ.O F4.I 

[Ill m m:n 
... tfO 'fl .... 

CA~4Z(I) (Z) (:SI 

Figure 21.--Continued (page 3 of 5) 

Co..-,.-ec:t10 
POSr 

1<1r1. ,.,,-,,. S•c. 
.r.1.0 l".l.O ,tJ.4 

l4) 

" FJ.0 

(!1) 

Sp,,C£ Angle 
7/!!'~t FJc/"or­

/C8 .I! 

I I I I I I. I I I 
.n ... 

FAC'r 

FZ.O F?.4 

rrnm111.11 111 
JJ S1' llO Ila 

( .S) (6) (l') 

L.ongituae 
0 " 

F$.O F.i'.O F7.4 

[ITl m I I I.I I I I I 
JJ .17 "' .. 

(5) (6) (1') 

0 II 

F..J.0 FZ.O 1'"4.1 

[ill ITT OJJJ 
s:s ~., 60 •• 

(4J (#) (6) 

,, ~ 
E.,-CNT 

"'"· 1¥i,,. S•c. 
1".l.o l".1.o 11'"8.°' 

(1') (II} C•I 

El•vation 
(meters) 

Fll.4 

I I I I I I I.I I 11 I .,., .. 
(8) 

El1:vation 
fmeter.s) 

Fll.4 

I I I I I I I.I ! I I I ,. .. 
(If) 

N 
co 



Plot& C'oord/na~•.s (Aa-Z•n) 

~, &..., 
EIZ.8 cl2.lf 

P/Q.tl Wdt"g_.,& (A;1.- Zrn.) 

~, 
clZ.8 

. . U I I I I I I ! I I l)J I I I I I I I I I LU I I I I I I I I I CC:I I I I I I I I I I '.J .. I I I I I I I I I I I,) 
Ft.If' l""PI.. (1,1) 

Ortf!nta. t ion Param~tllrs 

Alpha • • 0"7C9a. w• K~a t1t• 
El<l.B Fl4.8 El<l.8 

l ! . I I I I I I I I l£l I I I I 1-1 I I I I I I I 1£1 I I I I 1.1 I I I I l I I kl ! I I 
AO,.AR (I) AOPAR(2) AOPAR (.I) 

11ib1> Perpcnt1it:ular1iy e• ;cp !IP• 
E14. a c 14. 11 .: '"· s 

I 1-1 I I I I I 11 kl I 11 I 1-1 I I I I 11 I 1£1 I I I I 1.11 I I I I I I 1£1 I I I 
I. '' '" .IO ~· ~I 

AOPAlf (4) AOl'AR (~) 

Scal•r JC Scalt1r SI 
Cx• cy• tdX • 

£14.8 £14.8 El".B 

I 1- F· I I I I I I I 1£1 I I I I I . I I I I I I I I 1£1 I I I I 1-1 I I I I I I I 1£! I I I 
AOJl'AR(tl) AOPAR (9) 

Radial Distortion 
.:::Jy• K, • K.• 

£14.8 El.,, B E /4.8 

11.111 I I 111 kl 111 I I.I I 11 I I I I kl 111 I 1.111 I I I I I IE! I I I 
AOPAf't(IO) 

/f'aQIQI .Distorrion 
K• , 

AD,.AR (II) AOPA!? {12} 

£'14.8 El#.B £14.B 

11.111 I I 111 kl 1111 1.111 I I I 11 kl 1111 I.I I I I I I I I le-I I 11 
AOPAR{I~) 

Dllcenterlltl .D13tort 1°'7 
Ori,ntat1"'1 Angle #/ 

EJ<l.8 

AOPAR(tS) 

.F'Pt (1,2) 

Figure 21.--Continued (page 4 of 5) 
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on,nta.fian w,1!Jht.s 
T J -~ht,1,I I J W.1';l'lrii I J W•1~1'tl_,_ · J J ltff1911t., I J W,19ht.ij 

n I.t £11.4 I.t I2 £12.8 J2 T2 r;Z.8 , f2 I2 E/2.8 I2 I2 1!'12.8 

1111 r1 I I I I I I I I I I I I I l I I I I I I I I Ill Il l II I l I Ill I I I I l I I I I I I I Ill I I I l 11111~11111111111111 
I J I " ,, /1 11 .., .., • ., • • ai a "' ii , u .., 

r J l"'O(Z,J) r J -(T,J) .I J .-o(I,J) r J PO(J,J) T J PO(T,J) 

C'om'"o" Star JiNi~ht 
..V.A. -i~ht e Dul. W'1°9hl ~ t:Dr,.,/atiOIP .f.1 

£12.8 Ell.8 Ell.II 

I I I 11 11 I 1111 I I 11 I I 11 I I I I I I I I I 111 I 11 I I 
I .II,. H 16 N 

TPAO (1,1) 

Common Plat• W,igh& II 
~ ~ ~JI 

£1Z.8 £/I.II El~. 8 

I I I 11 I I I I ! 11 I I ! I I I I 11 I I l 11 I l I 11 I I 11 I I 
TPL (1,1) rPtL (l, 1) TPL (a, 1) 

Sta,. Coordi'1at"s .Tndi.-1~(1'<1/ S~a,. "'4!i;ht 
11. A . D«tination ~ ."'} .A?.1 
~14. 8 E.14.8 £10. 4 £10. 4 £10.4 

I f't/ Ii I• .. .JI - .. .ii 
ALP~A OCL7''4 ,_ALP-(1,1) R4LPHA(l,I) l'NLPHA(l,1) 

J I I I II I 

Ml. Of Ca.Uzlog 
~n-ritions Nv~r 

.lS A6 

rm 1111111 

I.a.st 
Jf'b"7t 

II 

1,111 11 1 1 1 11 1,,,1,,111 111 11 11 u....1.1 1 1 1 1£1 1~1J11 1 1 w1 1 Ltr1 11 1 kl 1 u:i 1 1 1 LU 1 1 1 ~u 1.111 1 1 11 u CJ 
IL/C II'LY PL(1,1) PL(l,Z) Pl.(Z,1) NOP1' Ill/ST .ST/Mir L.ASTPr 

J l I I l I I I I l I Ill I l I I I I I It l II I I II l l I I l I I I Ii I I I I Ill I I! I I I I I I I I I I I I I I l I I I l I I I I I I I I I I 11 . ' 1111•r'4A <r) 

Figure 21.--Concluded (page 5 of 5) 



'0BLEH NU,.htA 

UT IUN NUMlltR 

CHECK OF CENTRAL PERSP<CTIVE ~ITH RAUlAl ANO OttENT;;RcD-ltNS Ul•IURTluNS 

ST AT lUN "AHE 

CHU 

LAT!TuOt 

)0 0 O. DODO 

LU1'G I f\Jot 

80 0.0000 

tllV~TltJN 

lHb.<•>ld 

t;Vt:.NT NUH8E~ 

PLAH. NVMBt:R 

PO 000/u uA ft .Jf' CliMPvJ "°'!ON 

TR ACK l l<G u .. l I NUH~ER AU~ 

P>uBLEH TulERA~Ct 

klFRACTIUN TOLERANCL IStC Aktl 

OlSTORT(UN l~ltRANtt 

STATIOI< Ti;MPERATURE IDEGRtoS ~clVl"I 

STATlUN PRESSURt I"" "ERCURYI 

DISTORTION CURVE CROSSOVt~ UISTANCE 

OlSToaTIUN tuRVE tNTERVAl 

DISTORTION CURVE "AllHUM OISTA~CE 

, lOOOOOOOt:-10 

• I OOODuOUt-Ol 

• lOOWOOOE-Od 

.29~voooot+OJ 

• 7o00000uE+03 

.b5000000E-OI 

,JOuOOJUOE-ol 

• lUOOO'.JOut.-00 

LW1PAA4TOR 
NU .. SEk 

MANN nz 
NAHt UF OP"kAluR 

.,.Ylf:UI• LA1.,tt:NC.f. 

TI ME CORKLC TIUN 

o. o. v.ooi.o 

NU MINIHUH >0LU1 l'-"' CUMPUIEU 

JNOIVIUUAL SCALAR CUHPONtNTS CUMPUTLv f.i> x ANO y ILX OUt> NUT t.iuAL CYI 

CUHHCN oEIGHT MATklX fUK All KNU~N ~TAK~ 

CUMHJN wEIGHT HURIX Fu• HL ~LAIE ~GINIS 

"" AEFMACTIUN CUHFIC ltNT LUKRt:CrJONS CU•PllltO 

kAOIAL ·~a TANGENTIAL LENS ulSILRTION CURVtS ~J"PUlcU 

Fltw.Al CJ.MEf;lA UkH:hTATION Aroli,,Ll::S TRAN~f .... ~'1Lu TU A Rr;FcRckt~\.l $TAfJt..N ~Y!JlLl't 

kcftMtNCE STATIJN NA~E 
STATION 
"ll>IBE~ LAlllU(t LUNG! l\/vt HLVAT ION 

le JULY l~b7 

CHIN CHILLER 48 lZ 0 " · 0000 •l 0 o.ooou l7.D7&l 

1-CUkkECTIJN AN~E !St" • O,J2b0 Y-tU~RttflUh AN~lt tSEtJ ~ -.•71~ 

All HEAN E RRUAS tJ>IPUTi:O US IN<. I NPUf >l[•t. i:kkLLR UF i;NI I •c IGHI • • JOOOOOOOE-0> 

TUIAL NU~~<~ UF ~IAkS ANi; PlATo PUINTS IN PRUdltM 

KN~•N STARS 7~ UN•NOWN STAKS 0 PlAft PUINIS J7S 

NU"BtR Of I TERO I UNS Will ~UT tKCEtO 

"AKIHUM ~OLUTIU~ - 10 

NUHl!ER uF NUHdEK Of 
UdSERVATlONS UNKNO.NS 

uR ltNJATION PARA,.HtRS l 
150 
750 ~~~~l ~88~&l~~l~~ 

TOI Al S 901 

OEGKHS OF FREtOOM ll~ 

lcVEl Of UlSlRtPANCIES 

.a9"io1it7773E-Ol 

+64lt!i<,)Jlt-OJ 
.o8&718dH-Oo 
• 53ob0197E· O& 
• J67~&H3E-D6 
,151l~l95E-07 
, 58Hto5 IE-Od 
.SB•27052E· 08 

n no 

111 

Figure 22.--Sample output (page l of 6) 
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132 

STAR ANU PLATE LOO~Ol .. AT~ UATA 

NURl'IAlllEO STAR otlGHTS CATALOG NJ, ST AR RES IUUALS 
STH 

NUl'IDER RlbHT ASCENSION DcCLINAT ION Cl)RR tLA Tl U" R A ISH. TIHtl k A CSEC ARCI OECL C)tC AkCI 

l • lOOOOOOOE+O• , IOOOOOOOE •0< • COOOOOOOE 00 -.950S•l9St-07 -,l•lS81S9c-OS .H2>00S9t-06 

POINT 
NUHBER 

501 
502 
503 
50• 
505 

STAR 
NUl'IBER 

l 

STAR 

UR I fNT-:mN 
~OST 
POST 
PUST 
PC.ST 

PLATE COORDINATES Cl'll'll 
LK l Y 

=~~=~~~2~ :g~;]g~~? 
-o5.~9•l5 -8•.o7dtZ 
-58.6•811 -o7.l7>71 
-5 l. 799lc.. -90 ,ll'- ~00 

HEA~ PLATE CUUAOINATtS 
lX LY 

NU•HAllllU STAR MllGHTS 

NUNBE~ RlbHT ASCENSIUN DELLINAT I ON 

2 • I OOOOOOOt•O• • I 0000000[ •O• 

POINT 
NUHBt• 

501 
50l 
503 
50• 
505 

STAR 
NUMBER 

STAR 

UklcNT­
AT ION 
PCSI 

m1 
PvST 
PUST 

PLATE CUOkUINATES C ..... I 
LX l Y 

-10.00000 rn.0<1000 
-59.940)2 66.08749 
-50.01008 63.2e91a 
-<-O, 37647 S'1.d0765 
-30. SH~) 56.2•264 

HtAN PLATl COOROINATtS 
LX LT 

.6320~J9 H-01 

NOKHALILcU STA~ WEIGHTS 

NUHBER Rl~HI ASClNSIUN D<Cll"A TI UN 

.1oooooooc +Ott 

POINT 
llUl'IBE~ 

501 
502 
503 
50• 
505 

STAR 
NUl'IOtR 

SfAR 
NUl'IBtA 

• 
POINT 
llUHSEA 

501 
502 
50) 
50• 
505 

STAR 
NUH8tR 

• JOOOOOOOE•O• 

PLATE CUOROl~AHS C"~I 
LX l Y 

b0,00000 b0,00000 
69.52•29 5~.2~757 
79,070<itl !IC, lti.,bO 
R8.6~06l •5.l8•l4 
96.l7318 ~O.ll~lo 

PIUN PLAH tu ... k!HNAl<S 
lX LY 

• 50l51 V71E-OL 

"°•HAL I ltO HAR ~llCiHI S 

klGHf A)LU<SION 

.1ooooooot+C• 

Dt<.LINA TIU,. 

• l OC.OOLlOOt. +O~ 

U~l<•H­
AT ION 
PUST 
POST 
POST 

;~fi 

PLATE COU>Lll<AltS IPIPll 
lX LY 
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