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THE REDUCTION OF PHOTOGRAPHIC PLATE MEASUREMENTS 

FOR SATELLITE TRIANGULATION 

Anna -Mary Bush 
Geodetic Research and Development Laboratory, 

National Ocean Survey, NOAA. Rockville. Md. 

ABSTRACT. The reduclion of Satellite Triangulation raw 
(photographic) data and their preparation for analysis is 
described. The reduction method is closely related to the 
technique of plate measurement. The operations are 
carried out by means of three computer programs. The 
first sets up the framework for identifying images and 
computes a first approximation to camera orientation. 
The second program reduces the star and satellite image 
measurements to a single. consistent, plate-centered 
system. with comparator and operator biases removed. 
The third program associates each image with the celestial 
coordinat.es of the star and the lime of exposure. 
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1. INTRODUCTION 

1.1 Purpose of Prog1'8m 

The plate data reduction system is the first phase of data analysis for the 
Satellite Triangulation project of the National Geodetic Survey (Schmid 1972). 
Its purpose is to take the raw data which come in the form of a series of 
rectangular coordinates defining images on the photographic plate. and prepare 
them to be used as input to the Single Camera Orientation and Satellite Image 
Reduction programs. The Single Camera Orientation phase of satellite triangulation 
computes a mathematical model of a camera and its orientation in space. given 
the celestial coordinates of stars being photographed and the corresponding 
positions of star images on the photographic plate. The Sate�lite Image Reduction 
phase uses as input the camera parameters computed in  the Single Camera 
Orientation program. and the positions of satellite images on the plate. (Slama 
1972; Hanson 1973) 

1.2 Historical Development of Program 

The many operations necessary to reduce the raw dala have evolved over a 
period of several years. During this time the results to date were analyzed 
repeatedly to detect biases. which were then eliminated or compensated for by 
changes in method. Originally. much of the reduction was done manually with 
the aid of several one-step computer programs written for the IBM 1620. As 
operations were added and the procedure became more complex. the number 
of such computer aids multiplied. The a'/ailability of the IBM 7030 made it possible 
to consolidate many of these previously separate steps. and turned the efforts 
of those in charge of data processing toward increasing automation. Automation 
also was made necessary by the great number of plates lo be processed - about 
3.000 altogether. 

A total reevaluation of the plate data reduction procedure was made in 1968. 
At this time the procedure was cast in its final form. (All plates processed to 
date were rerun under the new procedure.) The various steps of the reduct.ion 
operation were now consolidated into three computer programs written for the 
CDC 6600. A high degree of automation has been attained. but several steps of 
manual intervention and auxiliary computer output are still needed. Although 
the main emphasis of this report will be on the computer programs. the other 
steps will be described as needed. 

The computer programs now used bear the traces of their evolutionary 
development. In many of the operations to be discussed. history rather than 
theory will be cited in the explanation. Also. the data formats now used have 
been influenced by the various input/output media used over the years. 
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1.3 Plate Measurement 

The plate data reduction procedure is closely lied to the technique used to 
measure the photographic plate. This technique has been described by Schmid 
(1972). Certain aspects will be descri bed here. 

1.3.1 Exposure Times 
A selected event consists of the simultaneous exposure of photographic plates 

at two or more observing stations. Each developed plate arrives from the field 
accompanied by a field record sheet, and a brush tape containing a record of 
the times at which the camera t shutter was open. These times are in a pattern. 
The pattern has been developed to obtain: i) clear star images before and after 
satellite passage to provide a firm basis for computing camera parameters and 
also to detect any camera motion during exposure; ii) star images during or as 
close as possible to satellite passage; iii) a series of evenly spaced satellite images 
passing across the plate close to plate center. The total exposure sequence is 
about 45 minutes. Because the camera is held fixed, each star in its field is 
represented on the plate by a series of images in the form of dots and dashes 
corresponding to the exposure pattern. The satellite, whose apparent speed is 
much greater than that of the stars, is seen as a line of evenly spaced dots. 
Regular breaks in the satellite exposure sequence are visible as gaps, and are 
used to associate each image with the appropriate time. 

The scheme used for numbering images is of paramount imporlance, since 
this is the means by which each image is associated with time. For the stars. a 
basic code of five digits has been established (fig. 1). The leftmosl lwo digils 
identify an individual star by location (see sec. 1.3.2 and sec. 1.3.3). The hundreds 
position indicates a particular part of the star's track length. Only the "dot" 
images in the star's track are used for measurement. and in the exposure pattern 
lhese are in nine consecutive groups The first three groups were exposed before 
satellile passage. the fourth as close before passage as possible. the fifth during 
passage. the sixth immediately after. and the final three after this. These groups 
have been given the (rather misleading) name of "lrails." The tens and units 
positions together are in a runrdng sequence beginning with the first exposure 
in trail 1 .  The usual case is to have five images in each trail. 

It can be seen that the rightmost three digils of the star image number are 
time-related since they associate the image with its place in t.he exposure 
pattern. This part of the number will be called the time code. A given time code 
is represented somewhere in the track length of every star. The addition of the 
location code specifies the particular star. 

The time code can also be used to refer to the star exposure times lhemselves. 
The times are transcribed from the brush tape and punched into cards along 
with their time codes. The exposure time of the initial satellite image is also 
recorded. All times are given as Greenwich Mean Time (GMT). also called Universal 
Time (UT). 

tThe main body of this report deals with the BC-4 camera. See appendix B for adaptations necessary when 

other cameras are used. 
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Figure 1. A section of a star's track with image numbers 
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1.3.2 Sta1' Chart and P1'eidenti/ied Stm's 
The other preparatory step done at this time is the automated preparation 

of a star chart to the scale of the photographic plate. This serves as a guide in 
measuring and identifying stars. At the same time, a group of bright stars in a 
ring around the center is selected to serve as preidentified stars. An arbitrary 
two-digit number that serves as location code is assigned to each of these. The 
celestial coordinates, plate coordinates, and location code of each are printed, 
enabling the operator to locate any of these stars on the plate. Also, the celestial 
coordinates and proper motions, together with the location code, are punched 
onlo cards lo be used laler in lhe Preliminary Reduclion program. 

1.3.3 Marking and Measuring 
The plate was preexposed with a 76-block grid. During the marking phase, 

about 150 stars are chosen for measurement, ideally, two from each grid block. 
Usually, only one trail from each star is to be measured, but if two or more 
trails from the same star are selected. this is allowed for in the reduction system. 

The satellite images are related to the other plates in the event by the 
correspondence in brush tape times. The earliest image on any plate is assigned 
number 1. and all images. including missing images. are numbered in strict 
sequence from this. The operator selects five images, including the first and last 
images. along the satellite trail of the current plate, and marks them with their 
sequence numbers, which are readily established by their relation to the gaps 
in the trail. These are the preidentified satellites. 

The drill holes in the photographic plate are num­
bered according to its orientation in the camera. 
Figure 2 shows the plate as it appears in the camera 
with the emulsion side away from the viewer. 

The plate is placed in the comparator for measure­
ment. As each image is centered in the eyepiece. the 
operator presses a button to record on paper tape 
the x and y coordinates to the nearest micrometer. 
With each position record the operator also adds the 
image class and a partial image number. The class is 
indicated by a code in which 3 means drill hole, 2 is 
star and 9 is satellite. See section 4 .5 .5  for discussion 

2 

6 

Figure 

of why the operator does not number each image completely. 
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2. Drill holes 

Study of measurements made under various conditions showed that after two 
to t.hree hours the operator's body heat causes an unacceptable amount of error 
in the comparator. Therefore. the measurement of an entire plate, which lakes 
up to eight hours, must be broken down inlo several sessions. Al the beginning 
and end of each session the operator measures the eight drill holes. usually 
measuring each one five times before going on to the next.. At. the end of the 
session the drill hole positions musl be wilhin a cerlain tolerance of those at 
the beginning; otherwise. the session's work must be repeated. 

The first session is devoted to the measuremenl of the "Pre set." (see sec. 3). 
Besides the drill holes, the Pre sel consists of the pre identified stars and satellites. 
The image number recorded for each satellite is the predetermined sequence 
number. The location code and trail number are recorded for each star. but the 
last two digils of the image number are given as zero. 
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During the next one or more sessions. all the star images previously selected 
and marked. and all the satellite images in the center 12 centimeters of the 
plate. are measured. This is called the A set. The image number recorded for 
each star is three digits only. the location code and trail number. The location 
code is the number of the block in which the star was measured. As in the Pre 
stars. all images in the measured trail of a given star have the same number 
at this point. No image numbers are recorded for the satellite images. 

When the A set is complete. the plate is rotated 1 800 and the measurements 
are repeated to form the B set. Since each comparator operator has a personal 
bias in lining up a finite dot with a crosshair. repeating every measurement with 
the plate rotated 1 800 and taking a mean of the two sets will eliminate this bias. 

The data on paper tape are converted to magnetic tape on the IBM 360. During 
the conversion. the drill hole measurements in the A and B sets are rearranged. 
For each measuring session. the opening and closing drill holes are combined; 
that is. all the measurements of drill hole 1 are grouped together. then all 
measurements of drill hole 2. and so on. These are placed ahead of the star and 
satellite measurements. These in turn are preceded by a set of class 0 images. 
originally representing fiducial marks. Later. the fiducials were dropped and the 
class 0 points are now a duplicate of certain drill holes (see sec. 4.3). 

1.3.4 Independent Day Numbef's 
Besides the plate measurements. the other source of information is the list 

of exposure times from the brush tape. To compute the exact position of each 
star at each of these times (which are in UT). a set of parameters for each time. 
including Independent Day Numbers and local sidereal time. is necessary. Tables 
containing this information have been taken from the American Ephemeris and 
Nautical Almanac and stored on magnetic tape. With the station longitude and 
the date of observation given. a computer routine performs a lookup and 
interpolation for each exposure time. and writes the resulting set of parameters 
on tape. Each set of parameters includes: 

time code. plate number. date 
station latitude 
local sid ereal lime of exposure 

G 
H 
f 
g Independent Day Numbers 
h 

T 
aT = nearest Besselian year - 1 950.0 
station elevation ) 
atmospheric pressure and temperature ) from field record 

The computer routine also tabulates the exposure pattern. which is needed 
because the pattern may depart from the standard of nine trails with five images 
each. This is done by analyzing the lime codes actually present. For each trail 
represented. the number of images and the sequence number of the first image 
are punched onto a card. This information is later used in numbering individual 
star images within a trail. 
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2. BASIC FORMULATIONS USED IN PLATE DATA REDUCTION 

2.1 Some Considerations in the Reduction of Plate Measurement Data 

2. 1. 1 Comparator Reduction 
The first factor to be considered in dealing with measurements on a comparator 

is that the comparator itself is not perfect. Inaccuracy in scale and lael, of 
perpendicularity between X and Y axes are the two most obvious sources of 
comparator error. Although more elaborate formulations have been tesled. 
involving screw harmonics. the following has proven to give sufficie:lt accuracy 
in compensating for comparator errors in the preliminary stage: 

, * I * .  • x = x '5z + Y '5y ·sm ex 

y = y"5y * 
( 1 )  

where x' and y' are the coordinates recorded by the comparator. 5z * and 5y * 
are the scale factors in X and Y. and ex* the difference between 90° and the true 
angle between the X and Y axes. The comparators are calibrated at regular 
intervals: the scale factors and the ex* are among the parameters determined 
by calibration. 

2. 1.2 Coo'rdinate Systems 
The measurements obtained are in the coordinate system of the comparator, 

which is arbitrary as far as the plate is concerned. For the first years of salellite 
triangulation work. all measurement data were transformed to a system 
delermined by the plate fiducial marks or drill holes. For each subset. i.e .. the 
measurements done in a single session. a system was defined by the origin at 
the center of the drill holes. X-axis positive toward drill hole 3 and Y-axis 
positive toward drill hole 4 .  The mean of all opening and closing drill hole 
measurements for the subset was used. 

In the 1 968 reevaluation of the procedure. it was decided the data should be 
kept as close to the original as possible. Therefore the measurements are now 
retained in the comparator system except for a translation lo the center of the 
drill holes. This center is computed as the least squares solution of the intersection 
of the lines defined by the four pairs of opposite drill holes. The observation 
equation is the two-point form of the equation of a straight line: 

x[y(b)-y(a)] - y[x(b)-x(a)] = x(a)·y(b) - x(b)'y(a) 

for each pair of opposite drill holes a and b. The normal equations are formed 
in the usual manner: 

L [y(b)-y(a)]2 L -[y(b)-y(a>l[x(b)-x(a)] x 

L -[y(b)-y(a)l[x(b)-x(a)] 

= 

L [x(b)-x(a)]2 y 

L [y(b)-y(a)l[x(a)y(b)-x(b)y(a)] 

L -[x(b)-x(a)l[x(a)y(b)-x(b)y(a)] 

(2) 
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The solution of the normals gives the coordinates of the center of the drill holes 
in the comparator coordinate system. All measurements including drill holes are 
then translated: 

(3) 
Yt = Y - Yc 

where xc,Yc are the coordinates of the drill hole center, x,Y indicate a measured 
point, and xt,Yt are the coordinates of the point after translation. (All further 
equations deal with the translated measurements so the subscript t will be 
dropped.) 

Since a considerable portion of the data processed to date has b�en in the 
fiducial system, and the possibility of rerunning any part of the processing must 
always be kept open, the programming must be kept flexible enough to handle 
data in either fiducial or comparator system. How this is done is expla.ined in 
appendix A. 

2.1.3 Possibility of Plate Upside Down 
In future computations, the assumption is that the photographic plate is 

mounted in the comparalor so that the image appears to the operator as it 
would in the idealized diapositive in figure 3. As can be seen from figure 4, this 
condition could be met either by viewing a negative plate with the emulsion side 
up, or a positive plate with the emulsion side dowp The latter is now standard, 
but as the method was being developed, all possible combinations were used. 
Furthermore, there is always the possibility of human error. For this reason, 
there must be a test and, if necessary, a correction, for this condition in the 
reduction program. 

If the plate is mounted correctly, the drill hole numbers will increase in the 
counterclockwise direction. In the test for correct mounting, the drill hole 
measurements are transformed to the fiducial system as described in sec. 2.1.2, 
i.e., besides the shift to center, they are rotated through T: 

t _1[Y(3)-Y( 1) ] T = an 
x(3)-x(i.)' 

(4) 

This defines the positive direction of the X-axis (toward drill hole 3); the Y-axis 
retains the right-handed orientation (fig. 5a). In this coordinate system. the 
y-coordinate of drill holes 2 and 4 are computed: 

YT(2) = (y(2)-Ydcos T - (x(2)-xdsin T 

YT (4) = (y(4)-ydcos T - (x(4)-xc)sin T 
(5) 

If the plate was mounted correctly, YT(  4) will be positive and YT(2) negative for 
counterclockwise drill holes (fig. 5b). If YT(4) is negative and YT(2) positive, it 
means that the drill holes are clockwise and so the plate was upside down (fig. 
5c). In this case, the data may be converted to the diapositive mode by reversing 
the sign of the y-coordinates of all measurements after they have been translated 
to the center of the plate. The rotation of the drill hole measurements to the 
fiducial system is now done as a test only; the results are not retained. 
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2.2 Celestial Coordinates of the Stal'S 

2.2. 1 Source of Information 
The source used for the stellar coordinates is the catalog published by the 

Smithsonian Astrophysical Observatory ( 1 966) .  The contents of the catalog were 
studied by Bossler ( 1 966) ;  stars with visual magnitudes �8 .0  and standard 
deviations �±0.4" at epoch 1 950 .0 were selected for use. After some m:nor editing 
to remove binaries, a total of 20,29 1 stars remained. For these stars, the right 
ascension (ex), declination (6), and the proper motions in each for epoch 1 950 .0 
were stored on magnetic tape. 

Because of long-term changes in the direction of the earth's axis. and motion 
of the stars themselves, their celestial coordinates will have changed between 
epoch 1 950.0 and the time of observation. Thus it is necessary to update each 
slar position for use in precision compulations. It has been found convenienl 
to perform the updating of the stars' positions in lwo parls, the firsl lo the 
beginning of the Besselian year nearest the day of observation, the second to 
lhe time of observation itself. 

2.2.2 Updating to Year of Obse1'vation 
For the first phase, the method of updating used is that of Scott and Hughes 

( 1 964) .  The initial slep is to lransform the celestial coordinales for epoch and 
equinox 1 950.0 to an earth-centered rectangular system, with the Z-axis toward 
lhe pole, the X -axis toward the vernal equinox, and the Y-axis lying in the 
equatorial plane and forming a r-ight-handed system. In this system (with a 
celestial sphere of unit radius): 

x = cos ex cos 6 

y = sin ex cos 6 (6)  

z = sin6. 

A comparable transformation is performed for the proper motions. Since /-"0. = 
da where a is any direclion and ""'0. is the proper motion in that direction: 

Similarly. 

/-Lz = dx = -sin ex cos 0 da - cos ex sin 6 d6 
= -sin ex cos 6,..,,0. - cos ex sin 6 J.J.�. 

""'y = cos ex cos 6,..,,0. - sin ex sin 6 /-L� 

/-L� = cos 6 ,..,,�. 

(7) 

Next, updating to the epoch of the beginning of the Besselian year nearest lhe 
observation date is done: 

x
l 

x f../,z fLz flT I 
= y + f../,y fly i(flT}2\ (8) 

:\ 2 /-L� fL� 
OT 00 00 
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where subscript 00 means epoch and equinox of 1950, subscript OT means epoch 
T referred to the equinox of 1950, and 

/-L 

2 
= /-Lz 

2 
+ /-Ly 

2 
+ /-L:z 

2 

14: = -XJ.L2 

Pv = -YJ.L2 

i4 = -ZJ.L2 

T = nearest Besselian year 

I:!.T = T - 1950. 

Finally the transformation to the mean equinox T' 

where 

x x 

Y 

z Z 
T'T OT 

To = .5 
I:!.T 

( 
I:!.T )

2 

( 
AT 

)
3 

�� = (2304.250+1.396To)- + .302 - + .018 -100 100 100 

( I:!.T 
)

2 
z" = 6

0+·791 -

100 
t:.T 

( 
t:.T )

2 

( 
t:.T 

)
3 

()" = (2004.682 -.853To ) - - .426 - - .042 -100 100 100 
Xz = cos t:.o cos () cos z - sin t:.o sin z 

Y", = -sin t:.o cos () cos z - cos t:.o sin z 

Zz = -sin()cosz 

Xy = cos I:!.o cos e sin z + sin I:!.o cos z 

Yy = -sin I:!.o cos () sin z + cos t:.o cos z 

Zy = -sin () sin z 

X:z = cos I:!.o sin () 

Y:z = -sin t:.o sin () 

Z:z = cos (). 

This completes the updating to the beginning of the year. 

(9) 
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2.2.3 Updating to Time 0/ Observation 
The second phase uses the method of Independent Day Numbers (sec. 1.3.4). 

The star coordinates for the beginning of the year closest to observation must 
be reconverted to right ascension and declination: 

ao = tan -1 (; ) 
60 = tan -1 ( Z ) .JX2+y2 

where x, y, and z are the vector as above 

Then the updating formulation is: 

I X 
y 

IZ T'T 

h sin(ao+H) 

(to) 

a = ao + / + TJ..La + 9 tan 60 sin(ao+C} + + J tan2 60 
cos 60 ( 11) 

6 = 60 + TJ..La + h sin 60 cos(ao+H) + 9 cos(ao+C) + i cos 60 + J't.an 60 

Now a and 6 represent the celestial coordinates of the star at the time of 
observation. 

2.3 Adjustments to Celestial Coordinates 

The coordinates of the star as computed in the previous section represent 
the true position of the star, but this is not the position as actually seen from 
earth. Because of diurnal aberration and refraction, the path of the light ray is 
deviated and falls on a slightly different place on the plate. It would be possible 
to adjust the measurements on the plate to conform with what they would be 
if these effects did not exist. But the philosophy has been to leave the measured 
data alone. and instead to compute what the star position would be. corresponding 
to the given measured position, in the absence of refraction and diurnal 
aberration. 

For a detailed discussion of diurnal aberration and refraction, see Slama 
(1972). For diurnal aberration, the adjusted celestial coordinates are (in radians): 

H = ST - a 

1.55x 10-6 cos cp cos H 
a' = a + ------"---­

cos 6 
6' = 6 + 1.55x 10"6 cos cp sin H sin 6 

(l2) 

where a and 6 are the updated celestial coordinates and cp is the latitude of lhe 
observing station. ST is the local sidereal time of the observation. 

501-908 0 ·13 · 2  
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The classical model of refraction has proved sufficiently accurate for the 
purposes of reduction of plate measurements. This model is represented as: 

P' = PIPo (in mm) 

T' = T ITo (in OK) 
R = P'IT'(Go tan 2 + G1 tan3 2 + G2 tan5 2) 

.' (13) 

where R is in radians. P and T are the air pressure and temperature. Po and To • 

are standard pressure and temperature (Po = 760 mm. To = 273°K). and 2 is· 
the refracted zenith distance of the star. The values used for the refraction 
parameters are (in radians): 

Go = 2.9137566xl0-4 

G1 = -3.227865x 10-7 

C2 = 1.0225x 10-9 

( 14) 

The pressure and temperature of the air are in practice known only at the 
station. An estimate of average air pressure is made as a function of the station's 
latitude (�) and elevation (E) in meters: 

P = Psta(1 - .00264 cos (2�) -
2E 

6) (15) 
6.37x 10 

Station temperature is assumed to be suffiCiently accurate for this use. 
Note also that when used in processing. the formula is set up so that 

temperatures may be input in degrees centigrade rather than Kelvin. 

TK I� = 1 + (3Tc where (3 = 1/273 (16) 
The adjusted star positions are: 

where 

6" = 6' + R cos q 

R sin q 
ex" = ex' + ---=­

cos 6" 

sin H' cos rp 
sinq = ----,;".. 

sin 2 

cos q = 
sin � - sin 6' cos 2 

cos 6' sin 2 

(17) 

(H' = ST - ex') 
(18) 

The zenith distance of the star must be recomputed at each stage of correction: 

2 = cos-1 (sin � sin 6 + cos � cos H cos 6). ( 19) 
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2.4 Mathematical Representations of Star Position 

2.4.' Direction Cosine Matrix 
See Slama (1972) for a detailed discussion of the following relations. In 

photogrammetry. the relation between the position of an object in space XYZ 
and its image on a photographic plate x.y may be computed. given six parameters 
of the camera's orientation. These parameters are a and (A). the angle of the 
camera axis relative to the Z-axis and to the XZ-plane. respectively; the angle 
" representing plate rotation about the camera axis; xp and yp. the coordinates 
of the principal point on the plate; and c. the focal length of the camera. 

The position of the object being photographed may be computed: 

X-Xo = (Z-Zo)[(x-xp)A1 + (Y-YP)A2 + cD] 
(x-xp)C1 + (y-y.,,)C2 + cF 

v _ (Z-Zo)[(x-x.,, )B1 + (y-y.,,)B2 + eE] 
Y - I 0 - -'---�-'--�!:,:",,-=-----'-=----=,,!:,':""""';"----"":' 

(x-xp)C1 + (y-y.,,)C2 + eF 

The reverse. computing plate coordinates from position in space: 

e[(X-Xo)A1 + (Y-Yo)B1 + (Z-Zo)C1] 
x-x." = 

(X-Xo)D + (Y-Yo)E + (Z-Zo)F 
e[(X-Xo)A2 + {Y-YO)B2 + (Z-Zo)C2] 

y-y = ." {X-Xo)D + (Y-Yo)E + {Z-Zo)F 

In these equations. Xo Yo Zo are the coordinates of the camera. and 

Al = -cos Ol COS" + sin a sin c.J sin" 

B 1 = -cos c.J sin" 

C1 = sin Ol COS" + cos a sin c.J sin" 

A2 = -cos a sin" - sin Ol sin c.J COS" 

B2 = cos c.J COS" 

C2 = sin Ol sin" - cos a sin c.J COS" 

D = sin a cps c.J 

E = sin c.J 

F = cos a cos c.J. 

These nine parameters are referred to as the direction cosine matrix. 

(20) 

(21) 

(22) 
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2.4.2 Standa't"d Coo'rdinates 
If stars are the objects being considered. their positions in terms of celestial 

coordinates must be transformed into rectangular coordinates to make use of 
the direction cosine matrix. Since it is actually the position of the celestial 
object relative to the camera that is computed. a convenient rectangular system 
is a projection of the celestial sphere onto a plane tangent at the observer's 
zenith. On the plane. the �-axis is positive toward the north and the 7]-axis is 
positive toward the east. The third axis is through the zenilh and has the value 
of unity. This is called a system of standard coordinates. In this case. in the 
photogrammetric equation: 

x - Xo = � 
Y - Yo = 7] 

Z -Zo = 1. 

2.4.3 Conversion f't'om Celestial to Standard CoQ't'dinates and Vice Ve'rsa 

(23) 

For a given observation location and local sidereal time. the standard 
coordinates for a star may be computed from its celestial coordinates: 

cos q; sin <5 - sin q; cos H cos <5 
�= . . Z H Z sm q; sm u + cos q; cos cos u 

-cos <5 sin H 
T1= . . � H � sin "p sin u + cos "p cos cos u 

(24) 

where H ::: ST - ex. (Note that the denominator in both equations is the cosine 
of the zenith distance.) 

Computation of celestial coordinates from standard coordinates requires an 
intermediate step: computing azimuth and zenith dist'ance. A and 2. 

Then 

A = tan-1{7]/O + 7T (from south) 

H = tan-1[ sin Asin2 

] cos q; cos 2 + sin q; cos A sin 2 

ex = ST - H 

6 = sin-1(sin q; cos 2 - cos q; cos A sin z). 

(25) 

(26) 

(Note that celestial coordinates computed from standard coordinates that were 
computed from plate measurements. are "as seen," i.e 

.
. they contain adjustments 

for refraction and diurnal aberration.) 
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2.5 Least Squares Solution 

The method of least squares is employed at several places in the reduction 
procedure. This familiar tool for fitting experimental data to a mathematical 
expression called the observation equation need not be discussed in detail. But 
to employ this method it is necessary that the observation equation be linear. 
In reduction of the measurement data it is necessary to perform various 
coordinate transformations by least squares, and these equations are non-linear. 

where 

x' = [(X-AX)( 1 +S,%) + (Y-AY)( 1 +S")a]cos,, -I- (Y-AY)( 1 +S,,)sin 11: 

y' = -[(X-AX)( 1 +S,%) + (Y-AY)( 1 +Sy)a]sin" + (Y-AY)( 1 +S")cos,, 

X,Y = coordinates in the original system 

x',y' = coordinates in the new system 

S,%,Sy = scale factor differentials between the two systems 

(27) 

a = angle representing lack of perpendicularity in the original system 
(assumed small enough that sin a = a) 

t:.x,t:.y = shift between the two systems 

Ie = rotation between the two systems. 

S,%, Sy and/or a may be neglected if a less rigorous solution is needed. 

The equations must be linearized using Taylor's series, neglecting second order: 
oxo oxo oxo oxo oxo oxo 

x' = XO + --6(AX)0 + --6(AY)0 + --6S 0 + --6S 0 + --6ao + ·-61C0 
OAXO ot:.yo oS 0 ,% 

oS 0 y oao Oleo 
o 0 0 0 0 

'%
0 0 "0 0 0 0 0 (28) 

y' = yO + ---.!L6(AX)0 + ---.!L6(AY)0 + ..JL..6S 0 + ..JL..6S 0 + �6ao + -.JL61C0 
OAXO OAYO oS 0 ,% 

oS 0 y oa 0 OlCo ,% Y 
The partials are evaluated: 

ox oy -= -(1+S,%)cos IC - = (1 +S,%)sin" 
Ot:.x OAX 
ox 

= -(1 +Sy)(a COS" + sin IC) 
oy 

= -(1 +Sy)( -a sin IC + cos 11:) 
ot:.y OAy 
ox oy 

- = (X-AX)COS Ie - = -(x-Ax)sin IC 
oS,% oS,% (29) 
ox oy 

= (Y-Ay)(a cos Ie + sin IC) - = (Y-AY)( -a sin IC + cos 11:) 
oS" oS" 
ox oy 
oa 

= (y-t:.y)(l+Sy)cosle 
oa 

= -(y-Ay)(l+Sy)sinle 

ox 
0" = -«X-AX)( 1 +S,%) + (Y-AY)( 1 +Sy)a)sin IC + (Y-AY)( j +Sy)cos IC 

oy 
- = -«X-AX)( 1 +S,%) + (Y-AY)( 1 +Sy)c<)cos 11: - (Y-AY)( 1 +S •. )sin IC 
OIC " 
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An iterative method is then employed. In the first approximation, XO and 'Yo 

are the coordinates in the original system and the parameters are zero (unless 
there is advance information about the rotation angle IC). The solution yields 
values, not for the parameters themselves, but for incremental changes to the 
assumed values of the parameters. After each iteration new values for XO and 
yO are computed using the original observation equations. The solution is then 
repeated using these new values and the parameters that are the cumulative 
result of previous iterations. The process continues until the computed values 
of XO and yO are within a tolerance limit of the observed values: 

II: (x'-xO)1 + II: (Y'-yO)1 < 10-8 
N 

( In case of nonconvergence there is a limit of 10 iterations. ) 

(30) 

Then the parameters used during the last iteration are taken as the final values. 
In all cases where the least squares method is employed, the method for 

inverting the normals is one devised by Erwin Schmid (1973). 



1 9  

3. THE PRE SET OF MEASUREMENTS 

3.1 Purpose 

The functions of the "Pre set" are: to provide the framework by which �he 
star and satellite images in the two main sets may be numbered and identified. 
and to provide a first approximation to the camera orientation. 

The satellite images in the Pre set were numbered by the operator before 
measuring. according to their sequence position. These preidentified images were 
selected at roughly equal intervals along the trail; all the remaining images in 
the trail will be numbered accordingly. 

The preidentified stars are the basis for the other functions of the Pre set. 
The identity and celestial coordinates of these stars are known; using the plate 
constant method. an approximation to the camera orientation is computed. This 
approximate camera orientation will be used in three places during the da' a 
processing. 
a. Together with the station latitude. it will be used to determine the apparent 
direction of the stars' path across the plate. The star images. which had only 
their location code and trail number assigned during measurement. will have 
their sequence numbers computed according to this direction. 
b. It will be used to compute an approximate right ascension and declination 
for each star image. which in turn will be used as the basis for a search through 
the star catalog to find the actual identity and celestial coordinates of the star. 
c. It will serve as the first approximation to camera orientation for the Single 
Camera Orientation program. which uses the successive iteration method to 
compute its results (Slama 1972). 

3.2 Input to Preliminary Reduction Program 

The Pre set. after conversion from paper tape to cards. typically consists of: 
a. eight drill holes. class 3. numbered 100 to 800 - up to five measurements 
each; 
b. seven stars. class 2. numbered with five-digit star code. the last two digits 
of which are 0 - five measurements each (representing five images of a trail); 
c. five satellites. class 9. numbered with sequence number - one measurement 
each. 

To this set is now added: 
d. station latitude and longitude. 
e. comparator calibration parameters. 
f. Independent Day Number parameters for the midpoint of each st.ar trail (sec. 
1 .3.4). 
g. celestial coordinates of preidentified stars (sec. 1 .3.2). and 
h. descriptive information. 
This forms the input to the Preliminary Reduction program. designated program 
673. written for the CDC 6600. 
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3.3 Operations of the Preliminary Reduction Program 

3.3. 1 Initial Steps 
For each drill hole, a mean of the several measurements is computed to 

obtain the best value for the positions. A mean of the five measurements for 
each star is computed even though they represent five different images in a 
trail. This value is assumed to approximate the midpoint of the trail as accurately 
as necessary for the purposes of the program. The meaned measurements of 
drill holes and stars. and the single measurements of satellites, are subjected 
to comparator reduction, translation to plate center. and test for plate mounting 
[eq. (l) to (5)]. 
3.8.2 Celestial Coo't'dinates and Standard Coordinates 

At the time the star chart program produced the chart for the particular 
plate, a card was punched for each possible preidentified star with its location 
code and catalog information. includi ng right ascension. declination. and proper 
motions in each, for the epoch of 1950.0. When certain of these stars were 
selected for measurement, their location codes were incorporated in their image 
numbers. Now. to associate each measured position with the appropriate celestial 
coordinates, the program searches through the list of star positions (input by 
means of cards) and matches location codes. 

As each star position is matched, the celestial coordinates ex, 0 are updated. 
The first step updates to the beginning of the Besselian year nearest the 
observation [eq. (6) to (9)]. 

To update stellar coordinates from the beginning of the year to the time of 
observation, the Independent Day Number parameters for the exposure time of 
the image in question must be known. The parameters for the midpoint of each 
trail have been read into the program. The routine matches each meaned star 
image with the appropriate parameters by matching trail numbers. The updating 
of the stellar coordinates continues as in eq.(10) and ( 1 1 ). neglecting the terms 
in J and J' since they are second-order corrections. 

The position of each star after updating must. be adjusted for the effects of 
diurnal aberration and refraction [eq.(12) to (19)]. Then the standard coordinates 
{:'1 for each star position are computed from the updated and corrected celestial 
coordinates 0:.0 [eq.(24}]. 

3.3 .. '3 Computation of Camera Orientation 
After the above operations are performed for all the measured, pre identified 

star images. the plate constant method is employed to compute the camera 
orientation. This method is based on the pair of observation equations relating 
star position �,"I and associated plate position x.y: 

+ C1 

+ "IiB2 
-x· I. 

(3 1 ) 

These equations are linear and the least squares method may be applied directly. 
The normal equations are formed in the usual way. Solution. by inversion of the 
matrix and multiplication by the column on the right. result.s in best fit values 
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for the plate cons-la�s::A..�:·.t.hrough BO. The camera parameters (see sec .. ,2.4.1) 
may be' 90mpulea:l.r"'8rriLt;H� ·p"ate con��ants: " 

ex = tan -'(AOl 

tarCl (BO) 
Co) = -=-:----:-:------::-;-;;;: 

[(AO)2 + 1]'/2 

Ie = tan _l

(
AO C2 - A2) 
AOC1 - A1 

AOA1 + BOB1 + C1 (32) 
x = ---=----�--P (AO )2 + (BO)2 + 1 

AOA2 + 8082 + C2 
Yp = (AO)2 + (80)2 + 1 [( A2BO - AOB2 AOB1 - A 1 BO )

3
( )2 Ji 1 + 

A1B2- A2B1xl' + 
A1B2- A2B1YP A1B2-A2B1 

c= A2BO- AOB2 AOB1- A1BO 

3.3.4 Test of Solution 

1 + C1 + C2 
A 1 B2 - A2 B 1 A 1 B2 - A2 B 1 

It is possible that at least one of the preidentified stars was wrongly identified 
or badly measured. thus throwing the solution off. If such stars can be pinpointed. 
they can be eliminated from the solution and the parameters recomputed. Seven 
stars are usually selected as preidentified. Four stars would provide a unique 
solution: therefore. five stars is the min\mum·.accepted by the'program. 

The first step in testing the solution is to compute the standard coordinates 
of the stars from their plate measurements and the computed orientation 
parameters using eq. (20), (22), and (23). 

�c = (x-xp).4J + (Y-YP)A2 + cD' 
(x-xp)Cl + (Y-Yl')C2 + cF 

TJc :.: (x-xp)B, + (Y-Yp)B2 + cE 
(x- 'xl')Cl + (Y-Yl')C2 + cF 

(33) 

where superscript c means computed, The residuals between these computed 
values and the values us.:-d in finding the solution are computed for each star: 

v{ = � _ .. �c 
(34) 

v.., = TJ - TJc 

These residuals are then 'compared with a tolerance. usually lOOJ-l-m. If all residuals 
are less than this tolerance. the solution is considered satisfactory. If one star 
has residual(s) greater than the tolerance, the star is removed and the solution 
repeated. using eq. (3 1) to (34). If more than one star has residuals greater than 
the tolerance. it is assumed that the solution is sufficiently bad so the star 
causing the trouble cannot be identified by residuals. In this case. the solution 
is repeated automatically. removing each star in turn until a satisfactory solution 
is reached. If none of these methods succeeds in obtaining a solution with more 
than four stars, the Pre set must be rejected, and different stars selected. 
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3.3.5 Output 
The following information is output from the program: 

a. eight drill holes. adjusted for comparator; 
b. five numbered satellite images. adjusted for comparator; 
c. cards to be used in Single Camera Orientation program. including descriptive 
information. camera orientation parameters. station coordinates; and 
d. cards to be used in Plate Data Reduction program. including comparator 
parameters. camera orientation parameters. station coordinates. 

This information is written on a tape in card image form. and is later punched 
from the tape for use in appropriate places in the remaining procedure. 
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4. REDUCTION O�" THE MAIN DATA SETS 

4 . 1  In trod uction 

The reduction of the data in the two main sets of plate measurements is the 
heart of the data preparation procedure . Its goal is to produce a set of plate 
coordinates . with comparator and operator biases removed . for star and satellite 
images in a single consistent plate-centered system . with each image readily 
associated with the time of its exposure . To do this. the data must be subjected 
to the operations : 
a. Comparator reduction. translation to center. test for plate mounting; 
b. Patching . to put subsets of data measured at different sessions into one 
consistent system; 
c .  Star and satellite image numbering . using information from the Preliminary 
Reduction program; 
d. Matching . to combine the two sets of measurements made 1800 apart. based 
on star images only; 
e. Satellite transformation. to apply the results of matching to the satel lite 
images ; and 
f .  Statistical analysis of the results of the various operations . 

4.2 Input 

It will be recalled that each of the two main data sets. A and B. is composed 
of several subsets . each representing data measured in different sessions. Each 
subset. typically consists of : 
a. four pre-session drill holes . class O. numbered 100 to 400 - five measurements 
each; 
b. four post-session drill holes . class O. numbered 1 00 to 400 - five measurements 
each; 
c .  eight drill holes. pre- and post-session combined. class 3 .  numbered 100 to 
800 - ten measurements each ; 
d .  star images. class 2. numbered with location code and trail number - five 
measurements each (representing five images of a trai l ) ;  and 
e .  satellite images. class 9. no image number - one measurement. each. 

The format of these data is : 

code no. 
for plate 

14. 

class 

1 1 .  

image 
number 

13. 

x-coord . 
(m)  

F6.6. 

y-coord . 
(m) 

F6.6 

The subsets are assembled with the B set first. followed by the A set. The end 
of each set is signaled by a I -punch in cc .  79 after the B. and a i -punch in 
cc. 80 after the A. These data are now preceded by: 
a .  eight Pre set dr:ill holes and five numbered satellite images . from Preliminary 
Reduction program; 
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b. comparator parameters , approximate camera orientation ,  and station position. 
from Preliminary Reduction program; 
c. tabulation of exposure pattern , from Independent Day Number program ; and 
d .  tolerances allowed for patching , matching , and star image numbering . 
This forms the standard input to program 383, Plate Data Reduction , written for 
the CDC 6600. 

4,3 Test for Drill Hole Closure 

When the input data are read in , the plate measurements are stored on file 
TAPE 1 on the computer's storage disk. In addition , the class 0 and class 3 points 
are used to test the quality of the measuring during each subset by computing 
the amount of change between lhe measured positions of the drill holes at the 
beginning and end of the session.  When ,  in 1 968 ,  the necessity of this test became 
apparent and all the plates were to be reprocessed, it was necessary to find a 
way to distinguish between opening and closing measurements of the drill holes 
of these plates . The actual mechanics of this method, which occupy most of 
subroutine DRHCHK. are tedious and need not be described in detail . Class 0 
points are now used solely for this purpose (see sec. 1.3.3). 

When the measurements of a given drill hole have been separated into opening 
and closing, the mean x- and y-positions for opening and closing are computed , 
and then the difference between the two pOSitions is computed. When all eight 
drill holes have been processed this way, the differences are summed. If this 
sum, called the closure , is greater than 1 1 /-i.m ,  or if any drill hole has a difference 
between opening and closing of more than 3 . 5�tm , the subset is considered 
unacceptable and the plate must be remeasured . 

After passing through the drill hole closure test, the mean of all pOSitions of 
each drill hole is computed . The comparator reduction operation is then applied 
to each meaned drill hole position [eq. (  I ) ] .  

4.4 Patching 

Subsets of data measured at different sessions must be put into one consistent. 
system by relating theil" drill hole positions. Within each of the A and 8 sets. 
the subset with the smallest drill hole closure is taken as the standard and the 
other subsets are transformed to its system . Normally, it  is expected that 
differences between the subsets will be quite small . since minor 
temperature--humidity fluctuations in the comparator area are the only source 
of change . (See appendix A for consideration of large shifts between SUbsets . ) 

For each subset of drill holes, a least squares fit is made to the drill holes 
of the standard subset for A or 8.  The fit is based on the equations: 

x' = (x-<1x)( 1 +Sz)cos II: + (Y-<1Y)( 1 +S\, )sin " 

y' = -(x-<1x)(  1 +8z)sin II: + (Y-<1Y) (  1 +81/ )C08 II: 
(35 )  

which are the transformation equations eq . (2?) ,  neglecting c< .  Since this 
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transformation assumes that rotation IC is relative to the center of the final 
coordinate system. the results will be incorrect unless all measurement.s currently 
in the comparator system are first shifted to the center of the standard subset 
of drill holes. This in turn would cause theoretical difficulties because the final 
plate center to which the star and satellite images will be translated prior to 
their transformation by the patching parameters is not necessarily the same as 
the cen ter of the standard subset to which the patching parameters are being 
referenced . In practice. the difficulty vanishes because of the usually small 
differences between plate positions for successive subsets. In fact. it  is necessary 
only to shift the drill hole measurements approximately to the center of the 
standard subset. so the first subset of the A and the 8 is used for convenien ce. 
[eq . (2)  and (3 ) ] . 

Because only eight points are involved. it is possible for one bad measurement 
to have a large adverse effect on the patching results . For this reason. a 
pre-patching test is applied. The difference between the position of each drill 
hole in the standard subset and other subsets is computed and checked against 
a tolerance. This tolerance is part of input so may be changed for differing 
situations; the usual value is 301.l.m. If the difference is greater than this. the 
drill hole is not used in the solution . 

The method of solution using least squares is the iterative method. [eq. (28) 
to (30) ] .  After the five transformation parameters for each subset are computed. 
they are stored in memory so they may be applied to all measurements within 
the subset .  When all subsets are completed. the drill holes of each in turn are 
transformed in this way [eq. (35)] .  In effect .  we now have several independent 
measurements in a consistent system for each drill hole. These "patched" drill 
holes are meaned for sets A and B to give the final values. 

4.5 Star and Satellite Images 

4.5. 1 PLate Centel' and Test fOl' PLate Mounting 
The computation of the center of the meaned drill holes is performed to give 

a final value for the center of the plate for sets A and B by eq. (2 ) .  This will be 
the reference point to which all star and satellite measurements will be shifted . 
The test for plate mounting is performed [eq . (4)  and (5 ) ] .  and the signal retained . 
if necessary. for reversing all y-coordinates . 

4.5.2 Prepal'ation for SateLLite Numbel'ing 
The prenumbered satellite images from the Preliminary Reduction program 

were measured in the Pre set; to use them for numbering the images of the A 
and B sets . their measured pOSitions must be transformed in turn to the two 
systems determined by the A and B drill holes. A least squares computation 
similar to that of patching is performed for each case. using only �x. �y. and IC 
as parameters : 

x' = (x-6x)cos IC + (y-�y)sin " 

y' = - (x-6x)sin IC + (Y-6Y)COS IC. 
(36 ) 

For the B set. the first approximation to IC is taken as 180°;  for the A set. it is 
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zero . The resulting values for the parameters are applied to the plate positions 
of the prenumbered satellite images. and the transformed positions stored in 
memory. 

In the normal case the transformed values for these plate positions will differ 
very little from the original values. or. in the B set. from a 1 800 reversal of the 
original values. But the operation is done to allow for the possibility of the plate 
having been removed from the comparator between the Pre and the A sets. or 
an error in turning the plate 1 800 between the A and B sets . 

4. 5. 3 Reduction of Star and Satellite Image Measurements 
The data for the stars and satellites are now read in from peripheral storage 

one image at a time. Each measured position is put through the operations of 
comparator reduction [eq. ( 1 )] . shift to center [eq. (3) ] .  patching to standard 
subset [eq . (35]) .  and. if necessary. y-coordinate reversal. 

4.5. 4 Satellite Numbering 
The satellite images are to be numbered according to their relation in the 

satellite trail to the five pre-numbered images. The procedure for numbering 
was devised by Erwin Schmid ( 1 965a) .  

Given : n point numbers Pi ( i= 1 .2 . . . . .  n) and the corresponding plate coordinates 
(Xi ' Yi) '  PI and Pn are end points of the trail segment. P2 • P3 . . . .  Pn- 1 are chosen 
to make the (n- l )  portions of the segment roughly equal .  

Find: point number P of a point with given (x.y) .  
Di = [ (Xi-XI )2 

+ (Yi. -YI )2] 4 note DI = 0 
I 

D = [ (x -XI )2 
+ (y -YI )2] 2  

(D -D2 )(D -D3) (D -D4 )  . . .  (D -Dn)  (D -DI ) (D -D3 )(D -D4 ) . .  · (D -Dn)  P = PI + P 2 -:-------"�--":-:---'-:----:---'-:' 
(DI -D2 ) (DI -D3)(DI -D4) . .  · (DI -Dn) (D2 -Dd(D2 -D3) (D2 -D4 )  . .  · (D2 -Dn) (37) 

(D -DI )(D -D2) (D -D4) . . .  (D -Dn)  (D -DI ) (D -D2)(D -D3)  . .  · (D -Dn- I )  
+ P3 (D3 -D1 ) (D3 -Dz) (D3 -D4 ) . .  · (D3 -Dn)  + . . .  + Pn, (Dn -DI } (Dn -D2}(Dn -D3) . . .  (Dn -Dn-1 ) 
The integer number nearest P is used as the point number. P as computed is 
also printed out to two decimal places as a check . This number should be within 
0. 1 of the integer value. since regular spacing of the satellite image points can 
be assumed because of the high accuracy of the shutter of the BC-4 camera . 
If the satellite numbers do not compute close to integer values. it is an indication 
that there is an error in the prenumbered satellites. or in thei� transformation 
to the coordinate system of the data. (See appendix B for procedure used witl1 
cameras other than BC-4 . )  

4 . 5  . . 5 Star Numbering 
The star images must have the rightmost two digits of their numbers assigned 

in accordance with the time-based numbering scheme. At one time .  the 
comparator operator assigned the complete number to each point during the 
measurement phase. But this was found to be a source of frequent errors. 
especially in the last two digits which must run in chronological sequence. Plates 
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exposed to regions near the pole presented a particularly troublesome problem. 
since the direction of increasing time is different for every part of the plate. 

Under the present procedure. each trail to be measured is marked and its 
trail number noted in the pre-measuring phase. The operator, while measuring , 
causes the block number (visible on the plate) and the trail number to be 
punched in the paper tape with each measurement record . After the exposure 
pattern is tabulated and the sequence numbers associated with each trail are 
input to the Plate Data Reduction program. the numbering can be completed 
automatically. 

For each star image the following series of operations are performed. Standard 
coordinates t . ." are computed from the measured plate position . using the 
approximate camera orientation parameters [eq . (20) . (22) ,  and (23) ] .  The hour 
angle and declination are computed from the standard coordinat.es. using the 
azimuth and zenith distance [eq.(25) and (26) ] .  Since the star position as computed 
from plate measurements is, in effect. adjusted for diurnal aberration. this 
adjustment must be removed to get to the star's true position. Refraction is 
neglected here because only the relative position of the images is of concern . 
The correction is based on eq. ( 1 2) .  

1 . 55x 1 0 -6 cos rp cos H H' = H + -----"....-'---­

cos <5 

When all the images for one star have been processed in this way. the images 
are sorted on increasing hour angle. In this way. they are arranged. by definition. 
in the direction of increasing time. whatever their appearance on the plate .  The 
initial sequence number for the particular trail is assigned to the earliest image. 
and the remaining images are numbered sequentially. The computed hour angle 
and the various intermediate steps are not retained . 

There still remains the possibility of error in the location code or trail number 
as punched onto tape by the comparator operator. See sec. 4 .6 .4  for how this 
is handled. 

4.5. 6 Output Numbered Raw Data 
The patched and numbered star and satellite images have been stored on file 

TAPE 3 on the disk. At this point in the program. the raw measurements are to 
be output in a form identical to the input except that the star and satellite 
images are completely numbered. This will be regarded as raw data for storage 
and rerun purposes (see Appendix A) . The two sets of data stored on the disk. 
the original input version , and the patched and numbered version. are read into 
core and matched up. The image numbers from the latter are added to the 
former, and the results written on the output tape . 

4 .6 Matching 

4.6. 1 Separation of Star and SateLLite Images 
Because of the different nature of the celestial bodies producing the images. 

and because exposure times are different, it is probable that the star and satellite 
images have a different appearance on the plate . Therefore. it must be assumed 
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that the comparator operator's measuring bias was different for the two types 
of images. 

A rigorous solution would call for the simult.aneous adjustment of star and 
satellite images, with different biases a llowed for in the equation .  However,  it 
was felt that a satisfactory solution could be reached by adjusting the stars 
only. then applying the results to the satellites. 

4.6.2 Theory of the Matching Operation 
Since a perfect physical rotation of the plate between the A and 8 sets is not 

attainable in practice. a transformation between the two sets of measurements 
must be assumed . All six parameters of eq . (27) are used. Here " is the difference 
between true rotation and 1 80°. Since the two sets of measurements were each 
shifted to the center of the plate as determined from the drill holes of that set, 
the real significance of the /loX and /loy in this formulation is the operator bias. 

To eliminate the rotational effects , one set is reversed and a least-squares 
fit is made of the entire collection of measured star images between that set 
and the other. After this transformation we will have two sets of measurements 
in the same framework. These are meaned to give the best value for the positions 
of the images. 

4. 6.3 Choice of Set to be Taken as Standa'rd 
This choice was originally made on the assumption that the A set, the first 

measured,  was beller: the program requires the 8 set to be input first because. 
originally. it was always the secondary set. Then a study was done which showed 
that, on the contrary, the 8 set was often beller (as shown by smaller drill hole 
closures) .  presumably because the 8 is often done in the afternoon when the 
comparator has warmed up and stabilized. 

Now the program has been made flexible, so that whichever set is better may 
be used as standard . The drill hole closures of the best subsets of the A and 8 
sets (those subsets used as the standard for patching) are compared. If the best 
subset of the A set has the smaller closure , the A is used as the standard for 
matching : if  the 8 set has the smaller closure , it is used . The plate coordinates 
of all images in the secon d a ry set are reversed .  

4. 6. 4 Con'ection of Image Numbers 
Images from the two sets are paired off by their image numbers. When all 

pairs have been located , there may remain star images in either or both sets 
which have no pairs. This is due to one of two reasons: 
a .  The compar&tor operator neglected to measure a marked trail in one of the 
two sets: or 
b. The operator made an '=:rror in either the block or trail number in one set. 
so the trail was misnumbered.  

In the laller case there is a possibility of retrieval .  since the data actually 
are present in both sets . For each unpaired image in the primary set. a search 
is made through the unpaired images of the secondary set, comparing plate 
positions only. If these are within a certain tolerance , the images are assumed 
to be the same. and the number on the secondary set is changed to that of the 
primary set. Of course . there is a 50% chance that this is the wrong image 
number; if so. the error will be caught at a later stage of the processing . 
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The choice of tolerance is a delicate one; if the A and 8 sets are not close 
to a perfect 1 800 reversal some margin must be allowed.  but if the tolerance is 
too large.  an image may be paired with the wrong image in the trail or even an 
image of another star. Such an error would be caught later but the operation 
would be wasted. Under normal circumstances the error tolerance is 50p.m. 

4. 6. 5 P're-solution Data Check 
Before each star image is added to the equation,  a pre-matching test is 

applied to weed out gross errors . The difference in position between corresponding 
images in the two sets must be less than a given tolerance. This is often 1 00J.lm,  
but i t  may be  changed for specific situations. 

4. 6. 6 Least Squares Solution 
The equations are expanded in a Taylor's series [eq.(28) and (29) ] , and normals 

set up. The solution is repeated until the convergence lest [eq.(30)] is met . All 
the images of the secondary set are transformed by the computed parameters 
[eq. (27)] .  The differences between these and the primary set are st.udied . If any 
image has a difference greater than tolerances T:J: .Ty ,  the image will be rejected 
and the solution rerun. The tolerances are: 

T = 3(Ld:J:2)� :J: N-6 
T = 3(Ldy2)� y 

N-6 

where d:J: and dy are t.he differences in x and y. This check serves to eliminate 
badly measured points not caught by the pre-matching chec1<: ,  and to reverse 
the effects of a too-large tolerance in the image renumbering 

The solution is completely rerun without the rejected images. The results of 
the matching operation are obtained by meaning the primary set of measurements 
with the transformed secondary set. These are the final values of the star 
positions that will be output at the end of the program . 

4. 6. 7 Statistical Analysis 
The following are printed out for visual inspection : 

a .  computed parameters , 
b .  inverse of normals .  
c .  mean errors of position, 

(38) 

(Note : these are just half of the mean errors based on the transformation. 
because the error is divided between the two measurements of eaC'h position by 
taking the final position as the mean of the two . )  

�07-908 0 - 73 - 3 
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d .  mean errors of computed parameters 

Si = sM(Fii)4  
where Fit is the diagonal term of the inverse of  the normals. and 
e .  differences for all images. in micrometers . 

The program will proceed. but. later. human judgment may be that the mean 
error of matching is too high (anything over 2 .5J.Lm is considered high) .  Decisions 
will then be made as to whether the plate should be remeasured . or the data 
rerun with certain points rejected in advance (see appendix A) .  or if special 
circumstances explain a high mean error without prejudicing the data. 

4. 6. 8 Graphical Analysis of Differences 
The differences in x and in y are now regarded as two distributions of numbers 

and are subjected to histogram analysis. These distributions should approximate 
the normal .  because after the measurements of one set have been transformed 
to the other. the remaining differences should represent random noise only. To 
facilitate the comparison . a Gaussian normal curve is superimposed on the 
histogram. 

The logic for the histogram routine was developed by Erwin Schmid ( 1 965b) 
when limited computer facilities made it desirable that lhe same normal curve 
be used for all problems . A slandard curve with unit area was used: 

1 
�(t)  = v'2'; 

27T 
(39) 

To superimpose this curve on the histogram. the latter must be computed 
with the class interval. on the t-axis. in multiples of the standard deviation of 
the distribution. and the height.  on the �-axis. reduced in scale to make the 
lotal histogram area equal to unity. If II is class width and m the number of 
elements in a bar: 

area of each bar = mil 
total area of histogram 

= height scale factor llM 
scaled area of histogram 

m 1 M = L.llMll = ML.m = M = 1 

The disadvantage of this procedure is that thEt· resulting coordinates on the 
�-axis are very small . For convenience sake. all �-:coordinates for both histogram 
and normal curve are multiplied by a scale factor of 1 0 . 

In the Erwin Schmid method. the class width is always the reciprocal of an 
integer. N,  so the outer boundaries are adjustable and the choice of number of 
classes limited . The mean of the distribution is assumed to be zero . 

class width II = � 
N 

number of classes = 6N + 1 

6N+ l 
outer boundaries 

= 
± --

2N 



The boundaries between classes can be computed as: 

_ ( 6N+ 1 )  + L 
2N N where j = 1 .2 , . . . .  6N+ 1 

3 1 

In practice,  N is always 2, so the number of classes is always 1 3  and the ouler 
limits are ±3 .25 . Any values falling outside these limits are counled in the ouler 
classes. A more flexible histogram routine was nol considered necessary for this 
purpose. 

The actual plotting is done on an off-line CRT device, the FR-BO, from whence 
it is transferred to microfilm together with the printed output. 

4.7 Satellite Transformation 

4. 7. 1 Ope'ration 
Rotation, scale factors , and lack of perpendicularity are all related to the 

plate itself. or to the comparator. and are therefore the same for the satellile 
images as for the stars. The bias , however, is different. If the transformation 
paramelers from matching are applied to the secondary set of satellile 
measurements by eq . (27) . the remaining differences between these and the 
primary set will consist o� bias plus random noise. Taking the mean of the 
primary and the transformed secondary sets eliminates the bias. The final result.s 
for the satellite images consist of these meaned positions. 

4. 7. 2  Statistical Analysis 
The following are printed out for visual inspection: 

a .  differences for all images . in micrometers ; 
b .  mean of differences in x and y = bias; 
c .  mean error of transformation 

(40) 

where dz and d'll are the biases in x and y. 

4.B Curve Fit of Satellite Path 

4.8. 1 Gene'ral Discussion 
The filting of a mathematical curve to the path of the satellite . and statistical 

analysis of the results . is a useful tool in evaluation of the data. The curve fit 
is not made to the satellite's path in space, but to the x - and y-coordinates 
in turn , versus time as represented by the image number. Since the satellite's 
path must be smooth in time . the closeness of the measured poinls lo a 
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mathematical curve is a test of the photographic. measurement. and reduction 
procedures . 

Furthermore . it is not the coordinates of the data as measured (ultimately 
derived from the plate's orientation in the comparator) that are used. for these 
have no functional relationship to the satellite path. For the curve fit, the 
coordinates are rotated so that the trail of satellite images lies generally parallel 
to the X-axis. 

Extensive study was carried out as to what form of mathematical curve should 
be used . Polynomials of various orders, as well as combinations of polynomial 
and harmonic terms, were tested. It was decided that the fifth-order polynomial 
is the optimum form. Another order may be substituted if desired. 

4.8.2 De te'rmination of Cente'r 
The center image number, which will become the zero-point of the time 

dimension ,  is determined by 

4. 8.3 Rotation of Coo'rdinates 

N = _N..:..1_+_N----:..:.n C 2 

All measured points are rotated to a coordinate system in which the direction 
of the X-axis is defined by the two endpoints of the satellite trail (see eq. (4» .  

T = tan -1(Yl -Yn ) 
XI -X", 

xR = X cos T + Y sin T 

yR = Y cos T - X sin T 

where superscript R means rotated. All subsequent use of X and y in the curve 
fit section is assumed to mean rotated , and the superscript will be dropped. 

4.8. 4 FO'rmation and Solution of NOTmals 
Since the polynomial is linear, solution may be made directly by 

x = ao + a1 t + a2 t 2 + a3 t3 + a4 t�. + a5 t5 

y = bo + b i t  + b2 t2 + b
3

t3 + b4 t4 + b
5

t 5  
(4 1 ) 

where t = Ni - Nc '  and x and y are rotated . Since the normal matrix for the 
two equations is the same, two absolule columns are sel up and both are solved 
in one operation . The coefficients of the two polynomials are the resull .  

4.8.5 Residuals and Mean E" " OT 
Using the computed coefficients, the polynomial is evaluated at each point by 

eq.(4 1 ) ,  and the residuals in x and y are computed by 

Vy = yC - Y 

where x and y are the original rotated coordinates, and XC and yC are computed . 



The mean errors for a fifth-order polynomial are : 

C _ ( I;V.'�2 )i s - --z N-6 

s C = ( I;v1l 2 )
� 

11 N-6 

SC = ( I;Vz 2+ I;v1l 2 )
� 

2(N-6) 
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(42) 

where superscript C means curve fit.  These give a measure of the trail's lack of 
adherence to a smooth curve , the x in the direction of motion . and the y 
perpendicular to it .  

4.8. 6 Residual Check 
From experience. the criterion was established that any residual greater than 

20j.Lm must represent an erroneous point. If any such points are present. they 
are eliminated and the solution is repeated. New residuals and new mean errors 
are computed. 

4.8. 7 Craphical Analysis of Residuals: Histogl'am 
In a procedure similar to that for differences after matching . I.he residuals 

in x and y after curve fit are arranged in histograms and plotted. A normal 
curve [eq.(39)] is superimposed on each histogram. As in matching . a significant 
departure from the normal would show a need for further investigation. 

4. 8. 8 Cl'aphical Analysis of Residuals: Fl'equency Plot 
The mean errors and histograms are averages over the whole curve . It is 

possible that the mean error or the distribution might differ from one part of 
the curve to another; such differences signal plate distortion or systematic error 
of some kind. For this reason. the residuals in x and in y are plotted against 
their position along the satellite's track length as represented by the image 
number. The resulting chart resembles a frequency plot. so it has been given 
that name. Figure 6 shows a section of a frequency plot. Visual inspection can 
be used to determine if the pattern of residuals is well-behaved. 

4.9 Output 

4. 9. 1 Files of Data 
The output of the Plate Data' Reduction program consists of six files of data. 

The first two are the raw data sets A and 8 with images numbered (described 
in sec. 4 .5 .6 ) .  The next file is the output of matching. and the fourth file is the 
output of satellite transformation. These comprise the plate measuremenl data 
lhal will be used in all fulure compulations . The final lwo files are the d ifferences 
after matching and the residuals after curve fit. These are slored on magnetic 
tape for possible more delailed analysis in the fulure . 
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4. 9. 2  Weights 
The star position records in file 3 and the satellite position records in file 4 

also contain three terms of a weight matrix :  the weights for the x- and 
y-coordinates and the correlation term. In the past. experimentation was done 
on individual weighting of points . based on factors such as distance from the 
plate center and mean error of measurement ( if  the point was measured more 
than once) .  It was decided to eliminate individual weighting and instead to assign 
a weight to the plate as a whole . So all image records carry the individual weight 
matrix of 1 ,  1 ,  O .  

The plate weight is computed and printed after the curve fit routine. Il is 
based on the mean error of the star images. The mean error of the curve fit is 
assumed equivalent to the mean error of the satellite images. The mean error 
of unit weight of the Single Camera Orientation, for which the plate weight is 
being computed, is taken as 2 .5J,Lm. 

Therefore , 

S2 - S
2 + S

2 + S 2 
star - star measurement emulsion scintillation 

S
2 

curve fit = S
2 

satellite measurement + s
2

emulsion + S2 
scintillation 

S2 
star = S

2 
star meas. + S

2
curve fit - S

2 
sat.meas. 

(43) 

where SM ,  S
T, and S

C are from eq. (38) ,  (40) , and (42) respectively . Plate weight 
PI is computed by 

(2 .5) 2 
P, = 

-2 - ' 
S star 

(44) 
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5. STAR IDENTIFICATION 

5 . 1 Introduction 

The final step in preparing the input for the Single Camera Orientation program 
(Slama 1 972) is to associate each measured star image with the celestial 
coordinates of the star and with the time of exposure . This is the purpose of 
the last of the three major computer programs, Star Identification and Updating , 
program 380 on the CDC 6600 . 

The input consists of: 
a .  tolerances for star lookup,  usually 3' of arc in right ascension and in declination; 

b.  weights to be assigned to the stars' celestial positions according to the source 
of catalog information; 
c .  approximate camera orientation parameters (from Preliminary Reduction) ;  
d .  Independent Day Number parameters for all exposure times (sec. 1 . 3 .4 ) ;  
e .  reduced star measurements (file 3 of  output of Plate Data Reduction) .  

There is also standard input consisting of  the 20,29 1 stars selected from the 
SAO catalog , as discussed in sec. 2 .2 . 1 .  and a list of second -order day numbers 
J and J' taken from the American Ephemeris and Nautical Almanac . These are 
maintained on magnetic tape. At the beginning of every run of the Star 
Identification program these are stored on the computer disk for access during 
processing . 

The method to be followed is to compute the approximate celestial coordinates 
for each star image , then to search the catalog for an acceptable match . The 
time of exposure is located by matching time codes. 

5.2 Initial Steps of Processing 

The direction cosine matrix is computed from the approximate camera 
orientation by eq . (22) .  The Independent Day Number parameters are read in and 
stored in array DAYNUM. For each of up to 90 exposure times there are eight 
parameters in storage:  the local sidereal time of exposure , and the C, H, j, g ,  
h ,  i ,  and T parameters . The corresponding time codes are stored i n  XTRL. DAYNUM 
and XTRL are sorted on increasing time code. 

The star image measurements are read in and stored in array DATA. The seven 
pieces of information for each image include x and y measurements, weights in 
x and y and their correlation,  the image number, and the time code. DATA is 
sorted on increasing image number. 

5.3 Approximate Celestial Coordinates 

.5. 3. 1 Coo'rdinates at Time of Exposu're 
Using the plate measurements and the direction cosine matrix ,  approximate 

standard coordinates are computed for each image, using eq . (20)  and (23) .  These 
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in turn are used to compute the azimuth and zenith distance by eq . (25) .  Since 
this zenith distance is computed from a plate position. it is necessary to remove 
the effects of refraction (neglecting diurnal aberration ) to get a better 
approximation of the star's position by 

z' = z + R 
where z is the distance as computed. z' is after refraction effects are removed . 
and R is as defined in eq. { 1 3 } . 

The hour angle and declination are then computed by eq.(26 ) .  To compute 
the right ascension it is necessary to know the local sidereal lime. The lime 
code for each image is matched with the time codes in XTRL. and the appropriate 
set of parameters located in DAYNUM. 

5.3.2 Coordinates as of 1 950. 0 
The local sidereal time is stored in the seventh element of DATA for the image. 

replacing the time code which is no longer needed. The star position is backdated 
to the nearest Besselian year. the reverse of the process in eq.( 1 1 ) . and neglecting 
proper motion and the J and J' terms. 

0 ' = ex - f + 9 sin ( ex + C) tan 0 + ---'--_"":" [ h Sin(O +H) ] 
cos 15 

6' = 6 - [g cos (o+C) + h cos(ex +H) sin 6 + i cos 6 ]  

In  the early days of satellite triangulation. prior to  the publication of  the SAO 
catalog. the Boss and N30 catalogs were used. With these, the method of annual 
and secular variation was used for updating and also for backdating the 
approximate positions. When the SAO catalog and the Scott-Hughes ( 1 964) method 
of updating came into use. it was not necessary to change the backdating 
procedurp. because this usage is an approximation . Proper motion is neglected. 
In radian3: 

I:lT I:lT 2 050 = 0' - -/ - ( - ) 1/ 
100 1 00 

, I:lT ,  I:lT 2 , 
650 = 6 - -/ - ( - ) 1/ 

1 00 1 00 

where 050 • 650 are the right ascension and declination for 1 950, and 

/ = . 02234945 + .0097 169024 sin 0 tan 6 

I' = .0097 169024 cos a 

1/ = .000006763 1 5 1  + ( . 00485845 1 2 / cos 0 - .000002060458 1 sin a )tan 6 

(45) 

+ .00485845 1 2  /' sin a/cos2 6 

II' = - .000002060458 1 cos 0 - . 00485845 1 2 /  sin o. 

5.3.3 Sto'rage of 1 950 Coo'rdinates 
Each series of (usually) five images in a trail will have approximately the 

same star coordinates .  A mean is taken of these to arrive at a single approximation 
for each star measured.  The resulting positions are stored in array COORD. Also 
in COORD are the mean declination for the time of observation. the star number 
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( location code plus trail number) . the number of images in the trai l .  and the 
position in array DATA of the first image of the star. After all stars have been 
entered in COORD. the array is sorted on increasing right ascension. 

5 .4 S tar Lookup 

5. 4. t Catalog Information 
The catalog is stored on the disk in 298 groups of 68 stars each . plus a partial 

299th group. arranged in order of increasing right ascension . There are six pieces 
of information for each star: 1 950 right ascension and declination. proper motion 
in each. catalog number. and source catalog. The last two items require a brief  
explanation. The catalog number is not the one assigned by SAO . but one used 
for internal convenience only. The source catalog is the origin of the information 
as listed in the SAO catalog . which was compiled from previous sources. The FK4 
catalog is known to be more accurate than other sources; therefore. stars from 
this catalog are to be given more weight in the Single Camera Orientation 
procedure. An array RTSV in core contains the maximum right ascension of the 
data blocks on the disk. 

5. 4. 2 Principles of Catalog Search 
a .  The range of possible values of right ascension is computed as the approximate 
right ascension minus and plus a tolerance. Within this range . any star within 
the declination tolerance is assumed a match. 
b. Matching with the updated rather than the 1 950 position is the final criterion. 
c .  Binaries have not been completely removed from the catalog .. so it is possible 
that a measured star could pass all tolerance tests with the wrong star of a 
pair. For this reason a test must be made that there are not a pair of stars 
meeting the criteria ;  if there are. the measured star is not identified . but remains 
in the solution as an unknown. 
d .  The stars from the catalog actually searched for each identification are limited 
to a maximum of 68: either a single block from the disk, or a composite of two 
contiguous half blocks. Experience has shown that in practically all cases the 
range of right ascensions falls within such a grouping. 

5.4.3 Location of Right Ascension Range in Catalog 
After a star's range has been computed. the program logic. by comparison 

with array RTSV and with the section of catalog currently in core . determines 
whether the range is contained within the current section . within a single block 
on the disk. within two contiguous half blocks on the disk. or falls under one 
of three special cases concerned with the upper and lower ends of the catalog .  
The appropriate section o f  the catalog is then brought into array STARS. 

5. 4. 4 Determination of Match 
For each catalog star within the right ascension range, the declination is 

tested . If it falls within the declination range , the catalog star is updated to the 
initial time of observation for the trail, and the declinations are again compared . 
The position of the star for both 1 950 and time of observation is stored in array 
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ST, together with the star weight matrix assigned according to the source of the 
catalog information: 2.95, 2.95, 0 is used for FK4 stars, and 1 .66, 1 .66, 0 for all 
others. (These are based on a mean error of .3" for the FK4 stars and .4" for 
olhers, wilh a mean error of unit weight of 2.5�m . )  There are two columns in 
ST, so that if two matches are found lhey are bolh slored, lhe one with the 
updated declination closest to the original approximation in the first column. 

After all stars within the range have been checked, a decision is made whelher 
lhe slar is·· identified, unidentified, or binary. The last is the case if there are 
two stars in array ST whose updated declinations are less than 20" apart. If no 
matches were found, it is unidentified. If one match was found, or two matches 
were found with more than 20" difference in declination, the star in the first 
column of ST is taken as the identity. 

For an identified star, the updated coordinates in ST are transferred to COORD, 
replacing the approximate coordinates. For unidentified and binary stars, the 
star number in COORD is made negative as an indicalor. 

5. 4. 5 Unidentified Stars 
A star will not identify for one of several reasons: 

a. an error was made in choosing for measuring an image that did not appear 
on the star chart, i.e. is not in the selected catalog, 
b.  the renumbering procedure in section 4.6.4 assigned the wrong trail number 
to an image, so that it was later associated with the wrong exposure time , or 
c. the approximate camera orientation parameters are incorrect. In this case 
many or all stars will fail lo identify so the error will be obvious. 

5.5 Output 

5. 5. 1 Combined Trails 
The stars in COORD are rearranged so that stars with the same calalog number, 

if any, are together, and all unidentified stars are grouped at the end. As discussed 
in section 1 .3 . 3 ,  several trails of the same star may be measured. The differing 
backdating parameters applied to the coordinates of these images in different 
areas of the plate result in approximately the same 1 950.0 star coordinates; the 
same star will be identified for each of the trails. 

Since the celestial position of this star represents only two pieces of information 
no matter how many times it is used, it is necessary to combine a:l the trails 
of images for the input to Single Camera Orientation. To signal that this has 
been done, the star number is changed to an arbitrary number, sequentially 
from 1 for the first combined star on the plate. 

5.5.2 Output Star Record 
The updated star position is output from COORD to magnetic tape. In the case 

of a combined star, the star number is changed as explained above, and the 
number of images is now the total for all trails; for an unidentified star the only 
quantities outpul are lhe number of images and lhe star number. The formal 
used is:  
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rt. asc . dec. star weight star no. no.  of catalog 
matrix images no. 

E 14 .7 ,  E 14 .7 ,  3E 10 .3 ,  2X, 16 ,  2X, 13 ,  lX ,  A6 

The star record is immediately followed by its associated images. 

5. 5. 3 Output Image Records 
The associated image data for the star is located in DATA by means of the 

initial location stored in COORD. If the star was combined , · as many trails as 
necessary are located.  Each image is output to magnetic tape in format: 

x y 

F 12 . 10 ,  F 1 2 . 1 0 , 

plate weight 
matrix 

image star LST 
no.  no.  

3E 1 0 .3 ,  2X, 16 ,  16 ,  F l l .a 
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6 .  SATELLITE DATA 

The contents of file 4 of the output of Plate Data Reduction are now ready 
to be used as input to the Satellite Image Reduction program (Hanson 1 973 ) 
without further treatment. The format of each record is: 

x y 

E 14 .7 .  E 1 4 .7 .  

plate weight class 
matrix 

3E 1 0 .3 .  12 . 

image 
no.  

16 

Also input to the Satellite Image Reduction program are the camera orientation 
parameters resulting from Single Camera Orientation. plus exposure time for 
the initial image. and time interval between exposures for the plate. The exposure 
time for each satellite image after the initial image will be computed in the 
program: 

(46 ) 
where i refers to the initial image , N is image number. and !:J. the time interval .  
For the BC-4 camera, !:J. is  assumed constant to 10  microseconds. See appendix 
B for modifications necessary for other cameras. 
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APPENDIX A. PROVISION::; FOR REPROCESSING DATA 

At the lime of the reformulation in 1 968. all plates already processed were 
rerun under the new formulation. A data management decision had previously 
been made that the raw data directly from the comparator was not to be retained. 
but the first-step results of numbered images were to be accepted as a sufficient 
base. So. for rerun purposes. a program was written that is parallel to Plate 
Data Reduction, but takes into account the differences in input. This program 
is referred to as 382 . 

Even though the rerun has now been completed. there are circumstances 
under which a plate currently being processed might be rerun shortly after its 
initial passage through Plate Data Reduction . The most. common reason is a 
badly measured point. (or points) which show up with high residuals after matching 
or after transformation of satellite images. It is desirable to rerun with these 
points removed to obtain results undistorted by their presence. Another possible 
occurence is that of a plate rotated by an amount significantly different from 
1 800 between the A and B set.s. Unless this is known in advance . the input 
tolerance for the pre-matching check (sec . 4 .6 .5)  will be the standard 100J,Lm 
and many images will be rejected on this basis. When this has been noted in the 
first run. an immediate rerun takes place with a higher tolerance. Because the 
use of a standard procedure for rerun is efficient and convenient, all reruns 
take place on 382 even though the original input. t.o 383 may st.ill be available . 
The input to 382 consists of the first two files of output of 383. 

The special characteristics of 382 have been determined by ils double purpose 
of rerunning both old and new plates. For the old plates it contains various 
options to allow needed flexibility in the inpul data. because the plates were 
measured in various ways through the years of development. For the new plates, 
the defaull condition on all the options is such that the numbered raw data 
output from 383 goes directly in .  

The most substantial difference between 382 and 383 is that 382 does not 
contain the star-numbering routine. Since this procedure is quite insensitive to 
errors in input assumptions. being concerned only with relative position , it is 
assumed that once the star images are numbered there is no need for a repetition. 
The sa te l l ite num bering routi n e .  on the other han d .  is sensitive to various errors 

and is a frequenl reason for rerunning. So even though the satellite images have 
numbers in the input to 382 . these are ignored and the procedure is repeated 
in the program.  

To carry out its function of  rerunning current plates with problem conditions. 
382 contains several options for manipulating data prior to the various processing 
steps. 
a .  Up to 100 images of any type may be rejected at the time of input. This 
permits the removal of trouble-making images without the necessity for 
recreating the data file containi�g the input. 
b .  If there was a large plate shift between subsets. the processing of the plate 
could have been completed by using a large tol�rance for the pre-patching test. 
But this masks the real purpose of the test. which is to test for irregularities 
in the measurement of the drill holes. To get a better picture of the patching . 
operation . the large shift computed during the first patching run may be applied 
to the drill hole positions prior to patching in the rerun.  The standard tolerance 
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may then be used. and the patching computation can reveal small differences 
in the drill hole measurements. as it is intended to do. 
c.  The same principle is true for the matching operation; in fact. differences 
between the A and B sets are more common and more important than those 
between subsets. There is also an option to apply a shift or rotation to the B 
set prior to matching. 
d. Another common reason for rerunning. erroneous satellite numbering. is 
caused by problems in the Pre set. A rerun of Preliminary Reduction may be 
necessary. but no special options are needed in 382. 

507·908 0 . 73 • 4 
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APPENDIX B. CAMERAS OTHER THAN BC-4 

The BC-4 ballistic camera. used by the National Geodetic Survey for the 
Satellite Triangulation project. has a very accurate shutter mechanism; exposure 
times can be controlled to 1 0  microseconds. As discussed in section 6. the 
procedure for associating each satellite image with its exposure time depends 
on this accuracy. 

Certain stations in the Satellite Triangulation system have been operated by 
other groups cooperating with NGS. but using dlfferent kinds of equipment. Since 
NGS has the responsibility for measuring and processing all plates. a different 
satellite procedure had to be developed for plates exposed by cooperating agencies. 
This procedure is embodied in program 697. Plate Data Reduction for Non-Uniform 
Times. 

The brush tape time record tells the times at which the shutter was open. 
so each satellite image can be associated with its time. The problem is how this 
can be done efficiently and in such a way that the results can be merged with 
those plates exposed during the same event in BC-4 cameras. 

A different system of numbering is used. in which the image number represents 
actual time rather than a number of increments of lime. A base lime is selected. 
which must be the same as or earlier than the initial image times of all plates 
in the event. and must be in the exposure time series of the plate.{s) exposed 
in BC-4 cameras. so it can be used as time 1 in this series. For the nonuniform 
plates the image numbers are computed from: 

Nl = (T1 - Ttl) 1 05 

where Tl and Ttl are the exposure time and base time in seconds. 
The star image numbering is also done in a preliminary run. Then the data 

are processed in program 697. which is parallel to 383 in most ways except for 
the absence of image numbering. Because of the different form of satellite image 
numbers. there are differences in storage methods, and scale factors are applied 
to image numbers in curve fit and the frequency plot for more convenient 
handling of the large numbers. 

When satellite coordinate records are input to Satellite Image Reduction 
(Hanson 1973). a signal indicates whether or not the camera had uniform timing. 
For uniform plates. eq.(46) is used to compute exposure time. In the case of 
nonuniform liming. the exposure time is computed as: 

Tl = T, + (N1 - N,) 1 0 -5 

where i refers to the initial image on the plate. 
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1 1 2 I G  = G * 1 . E + b  + . 1  
I H  = H * 1 . E + b  + . 1  
P R I N T 8 2 4 , I T Y P , N P T , I G , I H  
N C T = N  C T +  1 

C M E A N  M E A S U R E M E N T S  O F  S A M E  P O I N T 
1 1 5 I F ( N O P T . N E . O )  G O  T O  1 1 8 

C 

1 1 7  N O P T  = N P T 
I D = I T Y P  
N = S UMX = S U M Y = O . 

1 1 8 I F ( N P T . N E . N O P T . O R . I D . N E . I T Y P ) G O  T O  1 2 5 
N = N + 1  
I F ( N . L E . 2 5 )  G O  T O  1 2 0 
P R I N T 9 0 2 , N P T  
N C T = N  C T + 3  
N = N - 1 
G O  T O  1 2 2 

1 2 0 S U M X = S U M X  + G 
S U M Y  CI S U M Y  + H 

1 2 2 I F ( I T E S T . E O . O )  G O  T O  1 1 0  
1 2 5  T N  = N 

X 2  CI S U M X / T N  
Y 2  CI S U M Y / T N 

C A P P L Y  C O M P A R A T O R  R E D U C T I O N 

C 

1 3 0 X b  = X 2 * R L ( 1 4 )  + Y 2 * S I N A * R L ( 1 5 )  
Y b  CI Y 2 * R L ( 1 5 )  
I F ( I D . E O . 3 )  G O  T O  1 3 1  
I F ( � . E O . 8 )  G O  T O  1 4 2 
P R I N T 9 0 3  
C A L L  L T R I O  ( I P , 4 8 , XX , X X , K S )  
G O  T O  1 0 0 

C S T O R E  DR I L L H O L E S  F O R  C O M P U T A T I O N 
1 3 1  M CI M + 1 

I F ( N O P T / 1 0 0 . E O . M )  G O  T O  1 3 2 
P R I N T 9 0 3  
G O  ' 0  1 1 7 

4 9  



5 0  

C 

1 3 2 X F ( M )  = X 6  
Y F ( M )  = Y 6  
I F ( M - 8 ) 1 1 7 , 1 3 5 , 1 3 1  

C C O M P U T E  C E N T E R  O F  D R I L L H O L E S  
1 3 5  CA L L  P L T C E N ( X F , Y F , X C , Y C )  

C 

0 1 3  � S O R T « X F ( 3 ) - X F ( 1 » * * 2 + ( Y F ( 3 ) - Y F ( 1 » * * 2 )  
0 2 4  = S O R T « X F ( 4 ) - X F ( 2 » * * 2 + ( Y F ( 4 ) - Y F ( 2 » * * 2 )  

C C O M P U T E  R O T A T I O N T O  F I D U C I A L S Y S T E M ,  A N D  O R I E N T A T I O N O F  C O O R D I N A T E S  
D E l X  � X F ( 3 )  - X F ( 1 )  

C 

D E L Y  � Y F ( 3 )  - Y F ( 1 )  
C A L L  A N G L E ( D E L Y , D E l X , T A U L )  

S N T L = S  I N < r A U L > 
C S T L =  C O S  < r A U L > 
y e O N = 1 . 
F 2  = ( Y F ( 2 ) - Y C ) * C S T L  - ( X F ( 2 ) - X C ) * S N T L  
F 4  = ( Y F ( 4 ) - Y C ) * C S T L  - ( X F ( 4 ) - X C ) * S N T L  
I F ( F 4 . L T . F 2 )  Y C O N  � - 1 . 

C S T O RE D R I L L H O L E S  A N D  S A T E L L I T E S  F O R  O U T P U T  
I I = 0 

c 

1 3 8 I I  = 1 1 + 1  
X 6  = X F  ( I I ) 
Y 6  = Y F ( I I )  
N O P T = I I * 1 0 0 
1 0 = 3  

1 4 2 X l l = X 6  - X C  

Y 1 1 = ( Y b - Y C ) * Y C O N  
I F ( I D . E O . 2 )  G O  T O  1 4 5 
I O H 1:1 I O H + 1 

I F C I D H . L E . 2 0 )  GO T O  1 4 3 
P R I N T 9 0 5  
G O  T O  1 5 0 

1 4 3 D S X ( I D H ) = X 1 1 
D S Y ( I D H ) = Y l l 
I D S D ( I D H ) = I D  
I D P T < I D H ) = N O P T  
I F ( I I - 8 )  1 3 8 , 1 5 0 , 1 5 0 

C S T O R F.  S T A R S  F O R  O U T P U T  

C 

1 4 5 I S R � I S R + l 
I F ( I S R . L E . 1 0 )  G O  T O  1 4 7 
P R I N T 9 0 4  
G O  T O  1 5 0 

1 4 7 X ( I S R ) = X 1 1 
Y (  I S R ) = Y 1 1 
N X Y < I S R ) = N O P T  
N U M ( I S R )  = N O P T / l 0 0 0  

1 5 0 I F ( I T E S T . E O . l )  G C  T O  1 6 0  

C P R O C E S S  S A T E L L I T E S  
I F ( I T Y P . L E . 7 ) G O  T O  1 1 7  

1 5 1  I F ( N C T . L T . 6 4 )  G O  T O  1 5 2 
I P A G E  = I P A G E + 1 
P R I N T 8 1 9 , I P A G E  
P R I N T 8 2 3  



C 

P R I N T 8 0 3 , E V , P L 
P R I N T 8 2 2  

N C T = 9 

1 5 2 I G  = G * 1 . E + 6  + . 1  
I H  = H * 1 . E + 6  + . 1  
P R I N T 8 2 4 , I T Y P , N P T , I G , I H  
N C T = N C T + 1 
I F ( I N D . E O . O )  G O  T O  1 5 5 
I N D = 0 
G O  T O  1 3 0 

1 5 5  X 2  = G 
Y 2  CI H 
N O P T" = N P T  
1 0  CI I T Y P  
N = 1 
C A L L  D B U F ( 1 ) 
D E C O D E  C 8 0 , 1 4 , B U F F C I N B U F » N P L T , I T Y P , N P T , G , H , I T E S T  
I F C I T Y P . G E . 7 ) G O  T O  1 3 0 
I F C I T E S T . E O . 1 )  G O  T O  1 3 0 
I N D CI 1 
G O  T O  1 5 1  

C O U T P U T  D R I L L H O L E S ,  S A T E L L I T E S  A N D  S T A R S  C O P T I O N A L )  

C 

1 6 0  I P A G E  = I P A G E + 1 

P R I N T 8 1 9 , I P A G E  
P R I N T 8 2 3  
P R I N T  8 0 3 , E V , P L 
P R I N T 8 2 5  
P R I N T 8 2 6 , D 1 3 , D 2 4 , X C , Y C 
P R I N T 8 2 7  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 5 0 , B U F C I B U F » I D U M 1  
l E N D  = 0 
D O  1 7 0 1 = 1 , I D H 
I F C I P U N ( 1 ) . E O . 1 )  G O  T O  1 6 8  
I F C I . E O . I D H )  l E N D  = 1 
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 2 1 , B U F C I B U F » D S X C I ) , D S Y C I ) , I D S D C I ) , I D P T C I ) , P L , I E N D  

1 6 8 P R I N T 8 2 8 , D S X C I ) , D S Y C I ) , I D S D C I ) , I D P T C I ) . P L 
1 7 0 C O N T I N U E  

C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 5 0 , B U F C I B U F » I O U M 1 
D O  1 7 5 1 = 1 , I S R 
1 0  CI 2 
I F C I P U N ( 2 ) . E O . 1 )  G O  T O  1 7 3 
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 2 1 , B U F C I B U F » X C I ) , Y C I ) ,  1 0 , N X Y C I ) , P L 

1 7 3 P R I N T 8 2 8 , X C I ) , Y C I ) , I D , N X Y C I ) , P L 
1 7 5 C O N T I N U E  

C R E A D  I N  U P D A T I N G P A RA M E T E R S  
I P A G E = I P A G E + 1  
P R I N T 8 2 9 , I P A G E  
P R I N T 8 0 3 , E V , P L 
P R I N T 8 2 1 
P R I N T 8 3 0  
N C T = 1 7  

5 1  



5 2  

c 

J I H a O  
J = I S  = 1 
C A L L  D B U F ( 1 ) 
D E C O D E  C 8 Q . 1 5 . B U F F C I N B U F »  I T R L C J ) . P L T . I V E AR . M O N T H . J D A V  
I F C P L . E O . P L T )  G O  T O  1 8 5 
P R I N T 9 1 0 . P L . P L T  
C A L L  L T R I O  C I P . 4 B . XX . XX . J S )  
G O  T O  1 0 0 

1 8 5 C A L L  D B U F ( 1 ) 
D E C O D E  ( 8 0 . 1 2 . B U F F C I N B U F » C R ( I ) . 1 = 1 . 3 )  
C A L L  D B U F ( 1 )  
C A L L D B U F ( 1 )  
D E C O D E  C 8 0 . 1 2 . B U F F C I N B U F »  C R C I ) . 1 = 4 . 6 )  
C A L L  D B U F ( l )  
D O  1 9 0 1 = 7 . 1 9 . 3  
1 2  a 1 + 2 
C A L L  D B U F ( 1 )  
D E C O D E  C 8 0 . 1 2 , B U F F C I N B U F »  C R C K ) . K = I , 1 2 )  

1 9 0 C O N T I N U E  
I F ( N C T . L E . 5 3 )  G O  T O  1 9 2 
I P A G E  = I P A G E + l  
PR I N T 8 2 9 , I PA G E  
P R I N T 8 2 3  
P R I N T 8 0 3 , E V , P L 
N C T a 7 

1 9 2 P R I N T 8 3 1 , I T R L C J ) , P L T , I Y E A R . M O N T H . J D A Y  
P R I N T 8 3 2 , C R C I ) , 1 = 1 , 2 1 ) 
N C T = N C T + 9  
P H I  = R ( 1 ) * R D G  + R ( 2 ) * R M I N  + R ( 3 ) * R S E C 
S T R ( J )  a R ( 4 ) * R H R  + R ( 5 ) * R T M I N  + R ( 6 ) * R T S E C 
I T  a I T R L C J )  
S H ( I l >  � S T R C J )  
G C P R C J )  = R ( 7 ) * R H R  + R ( 8 ) * R T M I N  + R ( 9 ) * R T S E C 
H C P R C J )  = R ( 1 0 ) * R H R  + R ( l l ) * R T M I N  + R ( 1 2 ) * R T S E C 
F F R C J )  a R ( 1 3 ) * R T S E C 
G S M R C J )  a R ( 1 4 ) * R S E C  
H S M R ( J )  a R ( 1 5 ) * R S E C  
S M I R C J )  = R ( 1 6 ) * R S E C 
TA U ( J )  a R C l 7 )  
J = J + l  

C R E A D  I N  S T A R  P O S I T I O N 
1 9 5 C A L L  D B U F ( 1 )  

D E C O D E  ( 8 0 , 1 6 , B U F F C I N B U F » R A , P M RA . D E C , P M D C , C A T N O , M T V P , M P T , 
1 I T R L ( J ) , P L T , M T E S T  

I F ( M T V P . E O . O )  G O  T O  1 8 5 
J J  = J - l  
I F C I I H . E O . l )  G O  T O  2 0 0  
I F C N C T . L E . 5 Z )  G O  T O  1 9 7 
I PA G E  = I PA G E + l  
P R I N T 8 2 9 , I P A G E  
P R I N , 8 2 3  
P R I N T 8 0 3 , E V , P L 
N C T = 7 

1 9 7 P R I N T 8 3 3  
I I H =  1 
N C T = N C T + 5  



5 3  

C 
C M A T C H  S T A R  P O S I T I O N W I T H S T A R  M E A S U R E M E N T S  

2 0 0  D O  2 0 5  L : I S , I S R 

C 

I F ( N U M ( L ) . E Q . M P T ) G O  T O  2 1 0  
2 0 5  C O N T I N U E  

I F ( M T E S T . E O . O )  G O  T O  1 9 5 
G O  T O  2 6 0  

2 1 0  I F ( L . E O . I S )  G O  T O  2 1 2  
T E M P : X ( L >  
X ( L >  : X ( I S ) 
X (  I S )  CI T E M P  
T E M P : Y ( L >  
Y ( L >  : Y ( I S )  
Y (  I S )  : T E M P  
T E M P  CI N X Y ( L )  
N X V ( L >  : N X V ( I S )  

N X Y ( I S )  : T E M P  
T E M P  CI N U M  ( L >  
N U M ( L >  : N U M ( I S )  
N U M < I S ) CI T E M P  

C C O M P U T E  T R A I L  N U M B E R  

C 

2 1 2  I T R A ( I S )  : ( N X Y ( I S ) - N U M ( I S ) * 1 0 0 0 ) / 1 0 0 
P R I N T 8 3 4 , R A , P M R A , D E C , P M D C , C A T N O , M T Y P , M P T , I T RA ( I S ) , P L 
N C T : N C T + 1 
P M R A  CI P M RA * 1 . E - O Z  
P M D C  : P M D C * 1 . E - 0 2  

C U P D A T E  T O  Y E A R  O F  O B S E R V A T I O N 
X L :  C O S ( R A ) * C O S ( D E C )  
Y L :  S I N ( R A ) * C O S ( D E C )  
Z : S I N ( D E C >  
P MX CI - P M R A * C O S ( D E C ) * S I N C RA )  - P M D C * C O S C R A ) * S I N C D E C )  
P M Y : P M R A * C O S ( D E C ) * C O S C RA )  - P M D C * S I N C R A ) * S I N C D E C )  
P M Z : P M D C * C O S C D E C )  
P M  S O  : P M R A * P M RA * C O S C D E C ) * C O S C D E C )  + P M D C * P M D C  
P M X D  CI - X l i  P M S O  
P M  Y O  : - Y L *  P M  S O  
P M Z D  : - Z  * P M S G  
T S O  : . 5 * R ( 1 8 ) * R C 1 8 )  
O ( 1 )  CI X L +  P M X * R ( 1 8 )  + P M X D * T S O  
O C Z )  : Y L +  P M Y * R C 1 S )  + P M Y D * T S O  
O ( 3 )  CI Z + P M Z * R ( 1 8 )  + P � Z D * T S O  
T : R C 1 8 > 1 1 0 0 .  
T S O  : T * T 
T C U = T S O  * T 
D E L TA : 2 3 0 4 . 9 4 8 * T  + . 3 0 2 * T S O  + . 0 1 8 * T C U 
Z E T A CI C D E L T A  + . 7 9 1 * T S O )  * R S E C 
D E L T A : D E L T A * R S E C 
T H E T A : C 2 0 0 4 . 2 5 5 5 * T  - . 4 2 6 * T S G  - . 0 4 2 * T C U )  * R S E C 
D C C 1 , 1 ) : C O S ( D E L TA ) * C O S C T H E T A ) * C O S C Z E T A )  - S I N ( D E L T A ) * S I N C Z E T A )  
D C ( 1 , 2 )  : - S I N C D E L T A ) * C O S C T H E T A ) * C O S ( Z E T A ) - C O S C D E L TA ) * S I N ( Z E T A ) 
D C ( 1 . 3 )  : - S I N ( T H E TA ) * C O S C Z E T A ) 
D C C 2 , 1 ) : C O S ( D E L T A ) * C O S C T H E T A ) * S I N ( Z E T A )  + S I N C D E L T A ) * C O S C Z E T A )  
O C ( 2 , 2 )  : - S I N ( D E L T A ) * C O S ( T H E T A ) * S I N C Z E T A ) + C O S C D E L TA ) * C O S ( Z E T A ) 
D C ( 2 , 3 )  : - S I N ( T H E T A ) * S I N ( Z E T A )  
D C C 3 , 1 ) : C O S C O E L T A ) * S I N ( T H E T A ) 



5 4  

C 

O C C 3 , 2 )  = - S I N C O E L T A ) * S I N C T H E T A ) 
O C C 3 , 3 )  = C O S C T H E T A ) 
D O  2 1 5  1 = 1 , 3  

O O C I )  = O .  
D O  2 1 5  K = 1 , 3 

O O C I )  = O O C I )  + O C C I , K ) * O C K )  
2 1 5  C O N T I N U E  

C A L L  A N G L E C O O ( 2 ) , 0 0 C 1 ) , R T A S C )  
S O  = S O R T C O O ( 1 ) * 0 0 C 1 )  + 0 0 ( 2 ) * 0 0 C 2 »  
O E C L  = A T A N C O O ( 3 ) / S O )  

C M A T C H  W I T H U P D A T I N G P A R A M E T E R S  

C 

D O  2 2 2  1 = 1 , J J 
I F C l T R L C I > ' E O . I T R A C I S »  G O  T O  2 2 5  

2 2 2  C O N T I N U E  
P R I N T Q 0 6 , I T R A ( I S )  
N C T = N C T + 3  
I F C M T E S T . E O . O )  G O  T O  1 Q 5 
G O  T O  2 6 0  

C u P D A T E  T O  T I M E O F  O B S E RV A T I O N 

C 

2 2 5  A S T A R  = R T A S C  + F F R C I )  + TA U C I ) * P M R A  + G S M R C ! ) * T A N C O E C L ) * S I N C R TA S C  
1 + G C P R C I »  + H S M R C I ) * S I N C R T A S C + H C P R C I » / C O S C O E C L )  

o = O E C L  + T A U C I ) * P M O C  + H S M R C I ) * S I N C O E C L ) * C O S C R TA S C + H C P R C I »  + 
1 G S M R C I ) * C O S C R T A S C · G C P R C I »  + S M I R C I ) * C O S C O E C L )  

A L S C  I S )  = A S T A R  
O L S C I S )  = 0 

C A D J U S T  F O R  D I U R N A L  A B E R R A T I O N 
I DA = 1 

C 

S L A T  = S I N C P H I > 
C L A T  = C O S ( P H I ) 

2 3 0  H P R  = S T R C I )  - A S T A R  
S H P R  = S ! N C HP R ) 
C H P R  CI C O S C H P R ) 
S N O L  CI S � N C O )  
C S O L  = C O S C O )  
I F C I O A . E O . 2 )  G O  T O  2 3 5  
A S TA R  = A S TA R  + C . 0 2 1 3 * R T S E C * C L A T * C H P R ) / C S O L  
o = 0 + . 3 2 * R S E C * C L A T * S H P R * S N O L  
I D A = 2 
G O  T O  2 3 0  

C A D J U S T  F O R R E F RA C T I O N 
2 3 5  C 5 Z  CI S N D L * S L A T  + C 5 D L * C H P R * C L A T  

I F C A B S C C S Z ) . L T . 1 . )  G O  T O  2 3 8  
R E F CI O .  
G O  T O  2 4 0  

2 3 8  S N Z  CI S O R T C 1 . - C S Z * C S Z ) 
T N Z  CI S N Z / C S Z  
S N O  = S H P R * C L A T / S N Z  
C S O  = C S L A T  - S N O L * C S Z ) / C C S O L * S N Z ) 
R M  = A P O * T N Z  - A P 1 * T N Z * * 3 + A P 2 * T N Z * * 5  
P A B A R  = R ( 2 0 ) * C 1 . - . 0 0 2 6 4 * C O S C 2 . * P H I )  - 2 . * R ( 1 9 ) / P C O N ) 
R E F = R M * P A B A R * C 1 . + B E T A * T O ) / C P O * C 1 . + B E T A * R C 2 1 » ) 

2 4 0  O P  = 0 + R E F * C S O  
S O P  = S I N C O P )  



C O P  = C O S ( D P )  
A P S T R  = A S T A R  + R E F * S N O / C D P  

C 
C C O M P U T E  S T A N DA R D  C O O R D I N A T E S  

H P R  = S T R ( I )  - A P S T R  

C 

C H P R  CI C O S ( H P R ) 

C S 2  : S D P * S L AT + C D P * CHP R * C L A T  
P S I ( I S )  = ( C L A T * S D P - S L A T * C D P * C H P R ) / C S Z  
A D A ( I S )  CI - C D P * S I N ( H P R ) / C S Z  
C A T N A C I S )  CI C A T N O  

C T E S T  F OR E N D  O F  D A T A  
I S  = I S + 1  

C 

I F ( I S . G T . I S R )  G O  T O  2 5 0  
I F ( M T E S T . E O . O )  G O  T O  1 9 5 
G O  T O  2 6 0  

2 5 0 I F C M T E S T . E O . 1 )  G O  T O  2 6 0  
C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 , 1 7 , B U F F ( I N B U F » M T E S T  
G O  T O  2 5 0  

C O U T P U T  S T A N DA R D  C O O R D I N A T E S  ( O P T I O N A L )  

C 

2 6 0  I S  = I S - 1  
I P A G E  = I PA G E + 1  
P R I N T 8 2 9 , I P A G E  
P R I N T 8 2 3  
P R I N T 8 0 3 , E V , P L 
I F ( I S . E O . I S R )  G O  T O  � 6 2  
I S 1 = I S + 1  
P R I N T 9 0 7  
D O  2 6 1  1 = I S 1 , I S R 
P R I N T 9 0 B , N X Y ( J )  

2 6 1  C O N T I N U E  
2 6 2  P R I N T B 2 �  

P R I N T 8 3 5  
D 0 2 6 5 1 = 1 , I S 
I F ( I P U N ( 3 ) . E O . 1 )  G O  T O  2 6 3  
C A L L  O B U F ( 1 )  
E N C O D E  ( B O , 2 2 , B U F ( I B U F » P S I ( I S ) , A D A ( I S ) , C A T N A ( I S ) , N X Y ( I S ) , P L 

2 6 3  P R I N T 8 3 6 , P S I ( I ) , A DA ( I ) , C A T N A ( I ) , N X Y ( I ) , P L 
2 6 5  C O N T I N U E  

C C O M P U T E  A P P R O X I MA T E  C A M E RA O R I E N TA T I O N U S I N G P L A T E  C O N S TA N T  M E T H O D  
I PA G E = I P A G E + 1  
P R I N 1 8 3 7 , I PA G E  
P R I N T 8 0 3 , E V , P L 
P R I N T 8 3 8 , P H I L H , P H I L M , P H I L S , X L A M L H , X L A M L M , X L A M L S  
N C T  = 1 3  
N = I S  
I C  = 0 
K 1 = N 

2 7 3  D O  2 7 5  1 = 1 , 9 6 
F ( J )  = O .  

2 7 5  C O N T I N U E  
I F ( N C T . L E . 3 7 )  G O  T O  2 7 8  
I P A G E  = I P A G E + 1  
P R I � T 8 3 7 , I PA G E  

5 5  



5 6  

P R I N T 8 2 3  
P R I N T 8 0 3 , E V , P L  
N C T = 7 

2 7 8  P R I N T 8 2 5  
P R I N T 8 3 9 , N  
N C T = N C T + 6  
M = 2 * N  
J = - 1  
D O  2 9 3  I = l , N  
J = J + 2  
S ( J , 1 )  = P S ! ( I  ) 
S ( J + 1 , 2 ) = P S I ( I )  
S ( J , 3 )  = A D A ( I )  
S ( J + 1 , 4 )  = A D A ( ! )  
S ( J , 5 )  = 1 . 0 
S ( J + 1 , 6 )  CI 1 . 0 
S ( J , 7 )  = - P S ! ( ! ) *  X C I )  
S ( J + 1 , 7 ) CI - P S I ( I ) *  Y ( I )  
S ( J , 8 ) = - A DA ( ! ) * X C I )  
S ( J + l , 8 ) = - AD A ( I ) *  Y ( I )  
S C J , 9 )  = X C I )  
S ( J + l , 9 )  CI Y e I )  
S ( J , 2 ) = S ( J + l , 1 ) = S ( J + l , 3 ) = S ( J , 4 ) : S ( J + l , S ) : S ( J , 6 ) : O . 

2 9 3  C O N T I N U E  

D O  2 9 5  1 = 1 , 8  
D O  2 9 5  J = l , 9  
D O  2 9 5  L = l , M  
F ( I , J ) = F C I , J ) + S C L , I ) * S ( L , J )  

2 9 5  C O N T I N U E  
C A L L  E R W I N  ( 8 , 1 , F , I S , 8 , l Z )  
I F C I S . G T . O )  G O  T O  3 0 0  
P R I N T 9 0 9  
G O  T O  1 0 0 

3 0 0  A l  = F < 1 , 9 )  
A 2  = F ( 2 , 9 ) 
8 1  = F C 3 , 9 ) 
8 2  = F C 4 , 9 ) 
C l  = F ( S , 9 )  
C 2  CI F C 6 , 9 )  
A D  = F C 7 , 9 ) 
B O  = F ( 8 . 9 ) 

AP = A 1 * B 2 - A 2 * B 1  
A O P  = C A 2 * B O  - A O * B 2 ) / A P 
A 2 P = A O * C 2 - A 2  
B O P  = ( A O * B l  - A l * B O > / A P  
B 2 P = AO * C l - A l  
A L P HA = A T A N  C A D )  
O M E GA = A T A N  ( B O I  ( S O R T  ( A O * * 2 + 1 . 0 » ) 
C A L L  A N G L E  ( A 2 P , B 2 P , R K A P P A )  
X Y  = A O * * 2 + B O * * 2 + 1 . 0 
X P  = ( A O * A l  + B O * B l  + C l ) / X Y  
Y P  = ( A O * A 2 + B O * B 2 + C 2 ) / X Y  
C = « A P * * 2 * ( 1 . 0 + A O P * X P + B O P * Y P ) * * 3 ) / ( 1 . 0 + A O P * C l + B O P * C Z » * * . 2 5  
G A L P H A  = A L P H A  * R D T O G R  
G O M E G A = O M E G A * R O T O G R  
G K A P PA CI R K A P P A  * R D T O G R  
P R I � T 8 4 0 , G A L P H A , G O M E G A , G K A P P A , X P , V P , C 



N C T = N C T + 6  

c 
C C O M P U T E  S T A N D A R D  C O O R D I N A T E S  F R O M  C A M E R A  O R I E N TA T I O N ,  
C A N D  F I N D  R E S I D U A L S  

C 

S I N A L P  = S I N  ( A L P H A ) 
C O S A L P  � C O S  < A L P H A ) 
S I N O M E  = S I N  < O M E GA ) 
C O S O M E  = C O S  ( O M E GA ) 
S I N K A P  = S I N  ( R K A P P A ) 
C O S K A P  = C O S  < R K A P P A ) 
A 1  = - C O S A L P * C O S K A P  + S I N A L P * S I N O M E * S I N K A P  
8 1  = - C O S O M E * S I N K A P  
C 1  = S I N A L P * C O S K A P  + C O S A L P * S I N O M E * S I N K A P  
A 2  � - C O S A L P * S I N K A P  - S I N A L P * S I N O M E * C O S K A P  
8 2  � C O S O M E * C O S K A P  
C 2  � S I N A.L P * S I N K A P  - C O S A L P * S I N O M E * C O S K A P  
o = S I N P L P * C O S O M E  
E � S I N O M E  
F F =  C O SA L P * C O S O M E  
P R I N T 8 4 1 1 
D O  3 0 5  1 = 1 , N  
D E  = ( X ( I ) - X P ) * C 1 + ( Y ( I ) - Y P ) * C 2 + C * F F  
T I  = C C X C I ) - X P ) * A l  + C Y C I ) - Y P ) * A 2  + C * D ) / D E 
E I  = C ( X ( I ) - X P ) * B 1  + ( Y ( I ) - Y P ) * B 2 + C * E ) / D E 
V S  ( I , 1 )  � P S  I ( I )  - T I 

V S  ( I , 2 )  = A D A  ( I )  - E I 
P R I N T 8 4 1 , T I , E ! , V S ( I , 1 ) , V S ( ! , 2 ) , N X Y ( I )  

3 0 5  C O N T I N U E  
N C T � N C T + N + 7  

C T E S T  R E S I D UA L S  A GA I N S T  T O L E RA N C E  
V M A X  = A B S ( V S (  1 , 1 »  

C 

J K  = 1 
I C T = 0 
D O  3 0 6  1 = 1 , N  
I S I G  = 0 
D O  3 0 6  J :-: 1 , 2  
I F ( A B S ( V S ( I , J » . L E . C R I ) G O  T O  3 0 4  
I F ( I S I G . E O . O )  I C T = I C T + 1 
I S I G  � 1 

3 0 4  I F ( A B S ( V S C I , J » . L E . V MAX ) G O  T O  3 0 6  
V M AX = A B S C V S ( I , J »  
J K  � I 

3 0 6  C O N T I N U E  
I F ( I C T . E O . O )  G O  T O  3 1 0  
I F ( N . E O . 4 ) G O  T O  4 0 0  
I F ( I C T . G T . l )  G O  T O  3 0 9  

C I F  R E S I D U A L  E X C E E D S  T O L E R A N C E , R E M O V E  S T A R  A N D  R E C O M P U T E  
P R I N T 8 4 2 , N X Y ( J K )  
N C T = N C T + 4  
N � N - l  
K 1 = N 
I F ( J K . E O . N + 1 ) G O  T O  2 7 3 
D O  3 0 8  I = J K , N  
P S I < I )  = P S I < I + 1 ) 
A DA C I )  � A D A < I + l ) 

5 7  



5 8  

C 

C A T N A C J )  = C A T N A ( I + 1 ) 
X C I >  = X C I + 1 ) 
Y ( I )  CI Y C l + 1 )  
N X Y C I )  = N X Y C l + 1 ) 
N U M ( I )  = N U M C I + 1 ) 
A L S ( I )  = A L s e l + 1 ) 
D L S C I )  = D L S C I + 1 ) 
I T R A C I )  = l i R A C 1 + 1 ) 

3 0 8  C O N T I N U E  
G O  T O  2 7 3 

C I F  M A N Y  R E S I D U A L S  E X C E E D  T O L E R A N C E , R E M O V E  E A C H  S T A R  I N  T U R N  
C A N D  R E C O M P U T E  

C 

3 0 9  I C  = I C + 1  
J K  = K 1 - I C + 1  
I F C J K . E O . O )  G O  T O  4 0 0  
P R I N T 8 4 2 , N X Y C J K )  
N C T = N C T + 4  
N = K 1 - 1  
I F ( J K . E O . K 1 ) G O  T O  2 7 3  
T E M P  CI P S I C J K )  
P S I C J K )  CI P S I C K 1 > 
P S I C K 1 > = T E M P  
T E M P  = A DA C J K )  
A DA C J K )  CI A DA C K 1 ) 
A D A C K 1 ) = T E M P  
T E M P  CI C A T N A C J K )  
C A T N A C J K )  = C A T N A ( K 1 ) 
C A T N A ( K 1 ) CI T E M P  
T E M P  = X C J K )  
X C J K )  = X C K 1 > 
X ( K 1 > = T E M P 
T E M P  = Y C J K )  
Y C J K )  = Y ( K 1 ) 
Y ( K 1 > = i E M P  
T E M P  CI N X y e J K )  
N X y e J K )  CI N X Y ( K 1 ) 
N X Y C K 1 ) = T E M P  
T E M P  CI N U M ( J K )  
N U M C J K )  = N U M C K 1 ) 
N U M C K 1 ) CI T E M P  
T E M P  CI A L S C J K )  
A L S ( J K )  = A L S C K 1 ) 
A L S ( K 1 > = T E M P  
T E M P  CI D L S ( J K )  
D L S C J K )  = D L S C K 1 ) 
D L S C K 1 ) = T E M P  
T E M P  = I T R A C J K )  
I T R A C J K )  = I T RA C K 1 ) 
I T R A C K 1 > = T E M P  
G O  T O  2 7 3  

C O U T P U T  P R E L I M I N A R Y  CAM E RA O R I E N T A T I O N ,  L O C A L  
3 1 0  C A L L  O B U F ( 1 ) 

E N C O D E  C 8 0 , 5 0 , B U F ( I B U F » I D U M 2  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 2 3 , B U F C I B U F » G A L P H A , G O M E G A , G K A P P A , P L 



C 

C A L L O B U F ( 1 ) 
E N C O D E  ( 8 0 . 2 3 . B U F ( I B U F »  X P . Y P . C . P L 
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 . 5 0 . B U F ( I B U F » I D U M 2  

C R O T A T E  C A M E R A O R I E N T A T I O N T O  R E F E R E N C E  S T A T I O N 
P H I L  = P H I L H * R D G  + P H I L M * R M I N  + P H I L S * R S E C 
P H I R  = P H I R H * R D G  + P H I R M * R M I N  + P H I R S * R S E C 
X L A M L  � X L A M L H * R D G  + X L A M L M * R M I N  + X L A M L S * R S E C 
X L A M R  = X L A M R H * R D G  + X L A M R M * R M I N  + X L A M R S * R S E C 
S I N P H L  = S I N  ( P H I L )  

C 

c a S P H L  = C O S  ( P H I L )  

S I N P H R  � S I N  ( P H I R )  
C O S P H R  = C O S  ( P H I R )  

S I N L A L  = S I N  ( X L A M L )  
C O S L A L  = C O S  ( X L A M L ) 
S I N L A R  = S I N  ( X L A M R ) 
C O S L A R = C O S  ( X L A M R ) 
A 1 P  = - C O S L A L * S I N P H L * A 1  + S I N L A L * B 1  + C O S L A L * C O S P H L * C 1  
B 1 P  = - S I N L A L * S I N P H L * A 1  - C O S L A L * 8 1  + S I N L A L * C O S P H L * C 1 
A 2 P  � - C O S L A L * S I N P H L * A 2 + S I N L A L * B 2 + C O S L A L * C O S P H L * C 2 
B 2 P  � - S I N L A L * S I N P H L * A 2  - C O S L A L * B 2 + S I N L A L * C O S P H L * C 2 
C 2 P  = C O S P H L * A 2  + S I N P H L * C 2 
D P  = - C O S L A L * S I N P H L * D  + S I N L A L * E  + C O S L A L * C O S P H L * F F  

E P  = - S I N L A L * S I N P H L * D  - C O S L A L * E  + S I N L A L * C O S P H L * F F  
F P  � C O S P H L * D  + S I N P H L * F F  
B 1 P P a S I N L A R * A 1 P  - C O S L A R * B 1 P  
A 2 P P  = - S I N P H R * C O S L A R * A 2 P  - S I N P H R * S I N L A R * B 2 P  + C O S P H R * C 2 P  
B 2 P P  = S I N L A R * A 2 P  - C O S L A R * B 2 P  
C 2 P P  = C O S P H R * C O S L A R * A 2 P  + C O S P H R * S I N L A R * B 2 P  + S I N P H R * C 2 P  
D P P  � - S I N P H R * C O S L A R * D P - S I N P H R * S I N L A R * E P  + C O S P H R * F P 
E P P  a S I N L A R * D P - C O S L A R * E P 
F P P  = C O S P H R * C O S L A R * D P + C O S P H R * S I N L A R * E P  + S I N P H R * F P  
I F ( E P P . E O . O . )  G O  T O  3 1 2  
C O S O M R  a S O R T ( 1 . - E P P * E P P ) 
O M E G A R  � A T A N ( E P P / C O S O M R ) * R D T O G R  
S I N A L R  = D P P / C O S O M R  
C O S A L R  = F P P / C O S O M R  
C A L L  A N G L E ( S I N A L R . C O S A L R . A L P H A R ) 
A L P H A R  a A L P H A R * R D T O G R  
S I N K A R  = - B 1 P P / C O S O M R  
C O S K A R  = 8 2 P P / C O S O M R  
C A L L  A N G L E  ( S I N K A R . C O S K A R . R K A P P R ) 
R K A P P R  a R K A P P R * R D T O G R  
G O  T O  3 1 5  

3 1 2  R K A P P R  � O .  
S I G N = 1 .  
I F ( E P P . L T . O . )  S I G N = - 1 . 
O M E G A R  � 1 0 0 . * S I G N 
S I N A L R  = - A 2 P P / S I G N 
C O S A L R  a - C 2 P P / S I G N 
C A L L  A N G L E  ( S I N A L R . C O S A L R . A L P H A R ) 
A L P H A R  = A L P H A R * R D T O G R  

C P R I N T R O T A T E D  P R E L I M I N A R Y  C A M E R A  O R I E N T A T I O N 
3 1 5  I F ( N C T . L E . 5 6 )  G O  T O  3 1 8  

I P A G E  m I P A G E + 1  

5 9  



6 0  

C 

P R I N T 8 3 7 , I PA G E  
P R I N T 8 2 3  
P R I N T 8 0.3 , E V , P L 
N e T = 7 

3 1 8  P R I N T 8 4 3  
P R I N T 8 4 0 . A L P H A R . O M E GA R . R K A P P R . X P . V P . C 

C O U T P U T  S I N G L E  CAM E RA H E A D E R S  ( R E G U L A R , O R  P R E L I M I N A R V  O P T I O N A L ) 
I P A G E  = I PA G E + 1  
P R I N T 8 4 4 , I P A G E  
C A L L  O B U F ( 1 )  
E N C O D E  ( 8 0 . 5 0 , B U F ( I B U F » I D U M 3  
I F ( I P R E . E O . O )  G O  T O  3 2 0  
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 3 6 , 8 U � ( I B U � » B L A N K  
C A L L  O B U F ( 1 )  
E N C O D E  ( S O , 3 7 , B U F ( I B U F » N 

P R I N T 8 5 3  
G O  T O  3 2 5  

3 2 0  C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 2 4 . B U F ( I B U F » B L A N K  
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 2 5 , BU F ( l B U F » I D U M O  
P R I N T 8 4 5  

3 2 5  C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 2 6 , B U F ( I B U F » T E M , P R E S  
C A L L  O B U F ( 1 ) 

E N C O D E  ( 8 0 , 2 7 , B U F ( I B U F » E V , DATE 
C A L L  O B U F ( l )  
E N C O D E  C 8 0 , 2 8 , B U F ( I B U F » P L , C A M , U N I T  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 2 9 , B U F ( I B U F » C O M M , D P E R  
P R I N T 8 4 6 , T E M , P R E S , E V , D A T E , P L , C A M , U N I T , C O M M , O P E R  
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 3 0 , B U F ( I B U F » I S T A 1 . ( A N ( I ) . 1 = 1 , 3 ) , I S I G S , P H I L H , P H I L M ,  

1 P H I L S . X L AM L H , X L A M L M , X L A M L S , E L 1  
P R I N T 8 4 7 . I S TA 1 . ( A N ( I ) , 1 = 1 . 3 ) . I S I G S , P H I L H , P H I L M . P H I L S . X L A M L H . 

1 X L A M L M , X L A M L S , E L 1  
I F ( I P R E . E O . 1 )  G O  T O  3 2 8  
C A l l  O B U F ( 1 )  
E N C O D E  ( S O , 3 0 , B U F ( I B U F » I S T A 2 , ( A N ( I ) , 1 = 4 , 6 ) , I S I G R , P H I RH , P H I R M ,  

1 P H I R S . X L A M R H , X L A M R M , X L A M R S . E L Z  
P R I N T 8 4 7 , I S T A 2 . < A N < I ) , I = 4 , 6 ) , I S I G R , P H I R H , P H I R M , P H I R S , X L A M R H , 

1 X L A M R M , X L A M R S , E L 2  
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 3 1 , B U F C I B U F » X P C , V P C  
P R I N T 8 4 8 . X P C . V P C  

3 2 8  C A L L  O B U F ( 1 ) 
E N C O D E  C 8 0 , 3 2 , B U F C I B U F » G A L P H A , G O M E G A , G K A P P A  
C A L L  O B U F ( 1 )  
E N C O D E  ( 8 0 , 3 Z , B U F < I B U F » Z E R O , X P , V P 
C A L L  O B U F ( 1 ) 
E N C O D E  C 8 0 , 3 Z , B U r C I B U F » C , C , Z E R O 
P R I N T 8 4 9 , GA L P HA , G O M E G A , G K A P P A , Z E R O , X P , V P , C , C . Z E R O  
C A L L  O B U F ( 1 )  
E N C O D E  ( 8 0 . 3 Z . B U F C I B U F » Z E R O . Z E R O . Z E R O  
C A L L  O B U F ( 1 )  



E N C O D E  ( 8 0 , 3 2 , B U F ( I B U F » Z E R O , Z E R O , Z E R O  
C A L L  O B U F ( 1 ) 
E N C O D E  C 8 0 , 3 2 , B U F C I B U F »  Z E R O  
P R I N T 8 4 Q , 2 E R O , Z E R O , Z E R O , Z E R O , Z E R O , Z E R O , Z E R O  

I F C I P R E . E O . O )  G O  T O  3 3 0  
C A L L  O B U F ( 1 )  
E N C O D E  ( 8 0 , 3 8 , B U F ( I B U F » I D U M O  
C A L L O B U F ( 1 )  
E N C O D E  C 8 0 , 3 9 , B U F C I B U F »  I D U M 1 
P R I N T 8 5 4  

G O  T O  3 3 2  
3 3 0  C A L L  O B U F ( l ) 

E N C O D E  C 8 0 , 3 3 , B U F C I B U F » B L A N K  
P R I N T 8 5 1  

3 3 2  C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 3 4 , B U F C I B U F » B L A N K  
C A L L  O B U F ( 1 ) 
E N C O D E  ( 8 0 , 3 5 , B U F ( I B U F » B L A N K  
P R I N T 8 5 2  
I F C I P R E . E O . O )  G O  T O  3 3 5  
C A L L  O B U F ( 1 ) 
E N C O D E  C 8 0 , 4 0 , B U F C I B U F » C N U M C I ) , I T R A C I ) , I = l , N )  
P R I N T 8 5 5 , C N U M C I ) ,  I T R A C I ) , I = l , N )  
D O  3 3 3  l = l , N  

C A L L O BU F ( 1 )  
E N C O D E  C 8 0 , 4 1 , B U F C I B U F »  A L S C I ) , D L S C I ) , N U M C I ) ,  I T R A C I ) , C A T N A C I )  
P R I N T 8 5 6 , A L S C I ) , D L S C I ) , N U M C I ) ,  I T R A C I ) , C A T N A C I )  
I T  CI I T R A C I )  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 4 2 , B U F C I B U F »  X C I ) , Y C I ) , N X Y C I ) , N U M C I ) , I T R A C I ) , S T L C I T )  
P R I N T 8 5 7 , X C I ) , Y C I ) , N X Y C I ) , N U M C I ) , I T RA C I l , S T L C I T )  

3 3 3  C O N T I N U E  
3 3 5  P R I N T 8 5 t:.  

C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 5 0 , B U F C I B U F » I D U M 3  

C 
C O U T P U T  P L A T E  D A T A  R E D U C T I O N H E A D E R S  

C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 5 0 , B U F C I B U F » I D U M 5  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 4 3 , B U F C I B U F » E V , P L 
P R I N T 8 5 9 , E V , P L 
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 4 4 , B U F C I B U F » I C O M , C R L C I ) , 1 = 1 , 4 )  
D O  3 4 0  K = 5 , 3 0 , 5  
M O  = K + 4  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 3 2 , B U F C I B U F » C R L C I ) , I = K , M O )  

3 4 0  C O N T I N U E  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 3 2 , B U F C I B U F » G A L P H A , G O M E G A , G K A P P A  
C A L L  O B U F ( 1 ) 
E N C O D E  C 8 0 , 3 2 , B U F C I B U F » X P , Y P , C  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 , 4 5 , B U F C I B U F » I S T A 1 , C A N C I ) , 1 = 1 , 3 ) , I S I G S , P H I L H , P H I L M ,  

1 P H I L S , X L A M L H , X L A M L M , X L A M L S , E L l  
P R I � T 8 6 0 , I C O M , C R L C I ) , 1 = 1 , 3 4 )  

507-908 0 - 73 - 5 
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b 2  

P R I N T S 4 9 , G A L P HA , G O M E GA , G K A P PA , X P , V P , C  

P R I N T S b l , I ST A 1 , ( A N ( I ) , I = 1 , 3 ) . I S I G S , PH I L H , P H I L M , P H I L S , X L A M L H , 
1 X L A M L M , X L AM L S , E L l  

C A L L  O B U F (  n 
E N C O D E  ( S O , 5 0 , B U F ( I B U F » I D U M 5  

C A L L  O B U F ( O )  

G O  T O  1 0 0 

4 0 0  PR I N T 9 1 1 

G O  T O  1 0 0 
1 F OR M A T ( l S X , A 3 , A 9 , 5 A l 0 )  

2 F O RMA T < 2 X , A S ,  5 X , A 4 , 6X , A S ,  l X ,  1 1 ,  4 X , 3 < 1 X ,  1 1 )  , A 4 ,  5 X , 1 1 )  

3 F O RMAT ( 3 X , A 4 , 3 A S , l l , l X , 2 F 4 . 0 , F S . 4 , F 5 . 0 , F 4 . 0 , F S . 4 , E 1 4 . 8 )  

4 F O R M A T ( 4X , A 8 , 6X , A 3 , 6X , A 1 0 , A 7 , bX , 3 A 8 ) 

5 F O RMA T ( 5 X , A 1 0 , bX , A l 0 , 2 ( 5 X , F 7 . 4 »  

b F O R M A T ( 4 X , A 8 , A6 , 9 X , 2 A 1 0 , S X , A 4 , 9 X , A 5 )  

7 F O RMAT < 5 X ,  1 3 , 2 ( l X ,  I 2 ) , bX ,  1 3 , 2 ( l X ,  1 2 ) , 7XA 1 0 , 9X , 2 A l 0 )  

S F O R M A T ( S X , 3 ( F 2 . 0 , l X ) , 6X , F 4 . 0 , 6X . 2 ( F 2 . 0 , 1 X ) , F 4 . 1 , 1 0X , F 4 . 0 , bX ,  

1 2 ( F Z . 0 , 1 X ) , F 4 . 1 )  

9 F O R HAT ( 9X , F Z . O , 9X , F 5 . 1 , 1 1 X , 2 ( F 2 . 0 , 3 X ) , 5 X , F 2 . 0 , 3 X , F 2 . 0 ) 

1 0  F O R M A l ( 3 X . F 3 . 0 , 2 ( 1 X , F 2 . 0 ) , 6X , F 3 . 0 , Z ( l X . F 2 . 0 ) , 1 2 X . F 3 . 0 . l X . F 2 . 0 .  

1 l X , F S . 5 >  

1 1  F O RMA T < l X , 7 8 H  
1 • 1 1 >  

1 2  F O R M A T ( 5 C 1 X , E 1 4 . S »  

1 3  F O RMAT < 1 1  X ,  1 1  , 3 X . 4 ( 1 X .  E 1 4  . S ) ) 

1 4  F O RMAT { 1 4 , l l , l b , 2 F b . b , 5 bX . I 1 )  

1 5  F O RMAT C 6 3 X , 1 1 , 3 X . A 4 . 3 1 2 )  

1 6  F O R M A T C 4 C F 1 ' . S , 1 X ) , 2 X . A 6 , 2 X , 1 2 . 1 3 , I ' , 3 X , A 4 , S X , 1 1 )  
1 7  F O R M A T ( 7 9X . 1 1 )  
2 0  F O R M A T c * B J O B  S T E P  * , A 3 , A 9 . 5 A l 0 )  

2 1  F O RMAT < 2 E  1 4 . 7 ,  3 0 X . 1 2 ,  1 6 , 1  X ,  A 4 . S X . 1 1  ) 
2 2  F O R H A T ( 2 E 1 4 . 7 , 2 X , A 6 . 1 4 X . 1 6 . 1 X , A 4 i  

2 3  F O RMA T ( 3 C 1 X . E 1 4 . 7 ) . 2X . A 4 . 2 0X . 1 2 '  

2 4  F O RMAT C A 4 , 3 6 H S I N G L E  C A M E R A  O R I E N T AT I O N � R O G  3 7 7 )  

2 5  F O RMAT < I 1 . 4X . 1 H O . 4 X . 1 H 1 . 4 X . 1 H 1 . 4 X . 1 H O .  5 X . 1 H O , 3 X . 1 H O . 4 X . 1 H 2 .  4 X . 1 H 1  
1 , S X ,  1 H 1 , 3X , 1 H O  , 4X , 1 H O  , 3 X  • 2 H 1 0  ) 

2 6  F O RMAT ( 2 0 H + 1 0 0 0 0 0 - 0 6 + 1 0 0 0 0 0 - 0 1 . 2 A 1 0 . 4 0 H + 6 5 0 0 0 0 - 0 1 + 3 0 0 0 0 0 - 0 2 + 1 2 6 0 0 0  
1 + 3 0 + 1 0 0 0 0 0 - 0 6 ) 

2 7  F O RM A T ( A 5 , 1 X , A 1 0 , A 7 )  
2 8  F O RH A T ( A 4 , Z X . A 8 . 6X . A 3 ) 
2 9  F O RMAT C A 8 , 2 X , 3 A S , 1 7X , 5 H 3  6 9 )  

3 0  F O R MA T ( A 4 . 2 X . 3 A 8 . 2 X . l l , 2 X , 2 F 3 . 0 , F 8 . 4 . 3 X . 2 F 3 . 0 . F 8 . 4 . 3 X . F l 1 . 4 )  
3 1  F O RMAT ( 7X . F 7 . 4 , 3 X , F 7 . 4 )  
3 2  F O RMA T ( S C 1 X , E 1 4 . 7 »  
3 3  F O RMA T ( A 1 , 7 9H 1 0 1  + 0 0 1 5 1 5 + 1  + 2 1 1 6 1 6 + 1  + 2 1 0 1 0 1  

1 + 0 0 0 1 0 1  + 0 0 )  
3 4  F O RMAT ( 3 6 H  2 6 5 0 0 0 0 0 + 0 1  2 6 5 0 0 0 0 0 + 0 1 0 0 0 0 0 0 0 0 + 0 0 , A 1 ) 
3 5  F O RMAT C 3 6 H  1 0 0 0 0 0 0 0 + 0 1  1 0 0 0 0 0 0 0 + 0 1  O O O O O O O O + O O , A l ) 

3 6  F O RMA T ( A 4 . 3 3 H S I N G L E  CAM E RA O R I E N TAT I O N P R E  R U N ) 

3 7 F O RMAT < 1 H 1 , 4X , 1 H O  • 2 ( 4 X ,  1 H 1 ) , 4X , 1 H O  • 4X , 1 2 .  3 X , 1 H 1 , 2  ( 4 X ,  1 H O ) , 5 X , 1 H 2  , . 

1 3X , 1 H O . 4 X , 1 H 5 , 4 X , l H O )  

3 8  F O RMA T ( 1 1 , * 4 0 4  1 0 0 0 0 0 0 0 + 2 1 0 9 0 9  1 0 0 0 0 0 0 0 + 2 1 1 0 1 0  1 0 0 0 0 0 0 0 + 2 1 1 1 1 1  1 0 0 
1 0 0 0 0 0 + 2 1 1 2 1 2  1 0 0 0 0 0 0 0 + 2 1 * )  

3 9  F O RMA T ( 1 2 ,  * 1 3  1 0 0 0 0 0 0 0 + 2 1 1 4 1 4  1 0 0 0 0 0 0 0 + 2 1 1 5 1 5  1 0 0 0 0 0 0 0 + 2 1 1 6 1 6  1 0 0 
1 0 0 0 0 0 + 2 1 0 1 0 1  0 0 0 0 0 0 0 0 + 0 0 * )  

4 0  F O RMA T ( 1 0 ( 1 X . 1 2 . 1 1 »  

4 1  F O RhAT < 2 C E 1 4 . 7 ) , 3 0 H  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 0 0 0 0 E + 0 0 , 4 X . 1 3 . 1 1 , 4 X .  



6 3  

l l H l , l X , A 6 , l X , l H O )  

4 2  F O RMAT ( 2 F 1 2 . 1 0  , 3 0 H  . 1 0 0 0 E + O l . 1 0 0 0 E + O l  . 0 0 0 0 E + 0 0 , 1 6 , 2 X , 1 3 , l l , l X ,  

l F l 0 . 8 , 2 X , l H O )  
4 3  F ORHAT ( A 5 , l X , A 4 )  
4 4  F O RHA T ( 1 1 X , l l , 3X , 4 ( l X , E 1 4 . 7 »  

4 5  F O R H A T ( 3 X , A 4 . 3 A 8 , l l , l X , Z ( F 3 . 0 , l H . ) , F S . 4 , F 4 . 0 , l H  . •  F 3 . 0 . l H  . •  F S . 4 .  

1 E 1 4 . 7 ) 

5 0  F O R H A T ( 7 8X . I Z )  

S O l  F O R H A T ( l H l . 3 0 ( / ) . 6 0 X . . J O B  S T E P  • •  A 3 1 1 1 1 5 0X . A 9 . 5 A l 0 )  

8 0 2  F O RHAT ( l H l . 7 Z X . 5 H PAGE . I Z I Z 4 X  • •  P R E L I M I N A R V  DATA R E D U C T I O N * )  

8 0 3  F O R H A T ( I I Z 3 X . 6H E V E N T  . A 5 . 5 X . 6 H P L A T E  . A 4 I i  

8 0 4  F ORHA T ( 3 1 X . l 0 H C OMP . N O  . •  A S ) 
8 0 5  F O RHA T ( 1 1 1 9X 5 H P R I N T . 1 6X . 5 H P U N C H . 9X . 5 H P U N C H / 1 9X . 4 H D A T A . 1 8X ,  

1 1 8 H D . H .  P U N C H  S T A N D / 1 8X . 6 H R E C O R D . 1 7X , 1 8 H SA T . S T A R S  C O O R . I  

Z Z l X . l l . 1 4X . 3 ( 6X . l l »  
8 0 6  F O R M A T ( I I S X . 6 H C A M E R A . 6X . 4 H U N I T . 1 3 X . 4 H D A T E . 1 9 X . S H O P E RA T O R / 4 X . A S .  

1 6X . A 3 . 6X . A 1 0 . A 7 . 6X . 3 A S ) 

8 0 7  F ORMA T ( 1 1 4 X . 1 2 H  T E M P E RA T U R E . 6X . 9H P R E S S U R E . 7X . 3 H X P . 9X . 3 H  V P / 5 X .  

1 A l 0 . 6X . A l 0 . 2 ( 5 X . F 7 . 4 »  

8 0 8  F ORMA T ( 1 1 3 X . 5 H L O CA L . 8X . S H L O C A L ) 
8 0 9  F O RMAT ( 1 1 4X . 4 H R E F . •  9X . 4 H R E F . )  
8 1 0  F OR MA T e  2 X . 7 H S TA . N O . •  5 X . 9 H S TA . N A H E . 1 4 X . 8 H L A T I T U D E . 8 X . 9 H L O N G I T U D E . 

1 7 X , 9 H E L E VA T I O N / 3 X . A 4 . 3 A 8 . l l . 1 X . 2 F 4 . 0 . F 8 . 4 . F 5 . 0 . F 4 . 0 . F 8 . 4 . E 1 4 . 7 )  

8 1 1 F O R H A T ( l H l . 7 2 X . 5 H PAGE . 1 2 I 2 4X . 3 2 H S A T E L L I T E T R I A N G U L A T I O N R E C O R  
1 0  I I )  

8 1 2  F ORMAT ( 2 5 X . 7 H E V E N T  . A 5 . 8 X . 7 H P L A T E  . A 4 1 1 3 2 X . l 0 H S A T E L L I T E . A S . A 6 1 1  
1 3 1 X . 5 H DATE . A l 0 . A 7 1 1 1 )  

8 1 3  F O RHA T ( 3 3 X . 1 2 H S T AT I O N DATA l l l 0 X . b H N U M B E R . 2 2 X . 4 H N P M E , 2 0 X . 8 H L O C AT I O N 
1 1 1 0 X . A 4 . 1 � X . 3 A 8 . 5 X . 2 A l 0 1 1 9X . 8 H L A T I T U D E . 1 S X . 9 H L O N G I T U D E . 1 7 X .  
Z 9 H E L E V A T I O N / 6 X . Z F 3 . 0 . F 8 . 4 . 1 Z X . Z F 3 . 0 . F 8 . 4 . 1 4 X . F l l . 4 1 1 1 )  

8 1 4  F O RHAT ( 3 4 X . l l H C A H E R A  DATA I I  7 X . l 1 H U N I T  N U M B E R . l b X . l 1 H L E N S  N U  
l H B E R . 1 4X . 1 3 H L E N S  A P E R T U R E  I l 1 X . A 3 . 2 2 X . A 8 . 1 9X . A 4 I I  5 X . 1 5 H E L E VAT I O  
2 N  A N G L E . 1 3 X . 1 4 H A Z I H U T H ( N O RT H ) . 1 3 X . l l H S L A N T  RA N G E  I S X . 3 1 3 . 1 8 X . 3 I 3 .  

3 1 8X . A 5 . 1 X . 2 H K H  I I  7 X . l l H T E H P E RA T U R E . 1 8X . 8 H P R E S S U R E . 1 9X . 7 H W E A T H E R  I 
4 bX . A l 0 . 1 X . 1 H C . 1 6X . A l 0 . 1 X . 2 H H M . l 0 X . 2 A l 0 1 1 1 )  

8 1 5  F OR H AT ( 3 S X . 9H T I H E DAT A I 1 6X . 5 H S TART . 2 1 X . 1 5 H SAT E L L I T E T R A I L . 2 1 X .  
1 4 H T I H E / l X . 1 5 H P R E - C A L I BRA T I O N . Z X . 1 9 H F I R S T  S A T E L L I T E N O  . •  F 4 . 0 .  
Z 6 H  T I H E . F Z . 0 . 2 H H  . F 2 . 0 . 2 H H  . F 4 . 1 . 1 H S . 5 X . l 0 H C O R R E C T I O N / 3 X . F Z . O . 

3 2 H H  . F 2 . 0 . 2 H M  . F Z . O . 1 H S . 5 X . 1 8 H L A S T  SAT E L L I T E N O  . •  F 4 . 0 . b H T I M E . 

4 F 2 . 0 . 2 H H  . F 2 . 0 . 2 H M  . F 4 . 1 . 1 H S . 2 X . F 2 . 0 . 2 H H  . F 2 . 0 . 2 H M  . F 8 . 5 . 1 H S / ) 
8 1 6  F O RHA T ( 3 4 X . 1 1 HA C S  H O N I T O R / 9X . l l H S T A R  F O R M A T . 1 4 X . 3 H P R E . 4 X . 4 H P O S T . 

1 1 3 X . l 0 H D A V  N U M B E R / 1 3 X . F Z . 0 . 1 4 X . 5 HO P E N . F Z . 0 . 3 H H S . Z X . F Z . 0 . 3 H M S . 
2 1 5 X . F S . 1 / 2 8X . 6 H C L 0 5 E  . F 2 . 0 . 3 H M S . 2 X . F 2 . 0 . 3 H M 5 1 1 1 )  . 

8 1 7  F ORHA T ( 2 2 X . 1 5 H R I G H T  A 5 C E N S I � N . 5 X . l 1 H D E C L I N A T I O N / l bX . 2 ( 9 X . F 3 . 0 ) 1 1 1  
1 3 0 X . 1 7 H P O L A R  C O O R D I N AT E S / 3 4X . 1 HX . 9X . 1 H V / 2 7 X . Z ( 3 X . F 7 . 4 »  

8 1 8  F OR HA T C I I I  36X . 7 H R E M AR K 5  I )  
8 1 9  F O RHA T C 1 H l . 7 2 X . 5 H PAGE . I Z / 2 4 X • •  P R E L I M I N A R V  CO MPARATOR R E D U C T I O N o )  
8 2 0  F ORHAT C 3 4X . 9 H C O H P . N O  . • 1 3 )  
8 2 1 F O RHA T ( / 3 7X . 5 H I N P U T / ) 
8 Z Z  F OR M A T C Z 4X . 5 H PO : N T . 4 X . 5 H PO I N T / 2 4 X . 5 H C L A S S . 3 X . b H N U M S E R . bX . 1 HX . 8 X .  

1 l H V )  

8 2 3  F OR H A T ( 3 bX . 7 H ( C O N T . »  
8 2 4  F O R HAT ( 2 5 X . 1 2 . 2 X . 3 ( 3 X . l b »  
8 2 5  F ORM4 T ( 1 1 3 7X . f H OU T P U T  I )  
8 2 6  F ORHA T ( I I Z 6X . l 0 H D R I L L H O L E . 7 X . l 0 H D R I L L H O L E / Z 7X . 9 H D I S T .  1 - 3 . 8 X .  

1 9 H D I S T .  Z - 4 / Z 4 X . E 1 4 . 7 . 3 X . E 1 4 . 7 1 1 2 8 X . 7 H T R A N S  X . l 0 X . 7 H T R A N S  V I  



8 2 7  F O R M A T ( 5 5 X . 5 H P O I N T . 3 X . 5 H P O I N T / 9 X . 2 H CX . 1 bX . 2 H C Y . 2 bX . 2 0 H C L A S S  N U M B E  
1 R  P L A T E ) 

8 2 8  F O R M A T ( 4X . E 1 4 . 7 . 4 X . E 1 4 . 7 . 2 0 X . I 2 . 4 X . l b . 3 X . A 4 )  
8 2 9  F O R M A T ( 1 H 1 . 7 2 X . 5 H P A G E  . 1 2 I 2 bX . 2 b H P R E L I M I N A R Y  S T A R  R E D U C T I O N ) 
8 3 0  F O R M A T ( 6 0 X . 1 8 H T RA I L  P L A T E  D A T E  I 6 X . 7 H L A T - D E G . 8 X . 7 H L A T - M I N . 8  

1 X . 7 H L A T - S E C I 6 X . 7 H L S T - H R  . 8 X . 7 H L S T - M I N . 8 X . 7 H L S T - S E C  I 8 X . 5 H G - H R  • 

2 8 X . 7 H G - M I N . 8 X . 7 H G - S E C / 8 X . 4 H H - H R . l 1 X . 5 H H - M I N . l 0X . 5 H H - S E C / 9X .  
3 1 H F . 1 4 X . 1 H G . 1 4 X . 1 H H / 9 X . 1 H I . 1 3 X . 3 H T A N . l 0 X . 7 H D E L T A  T / 5 X . 9 H E L E V A T I O  
4 N . 6 X . 8 H P R E S S U R E . 6X . 1 1 H T E M P E RA T U R E )  

8 3 1  F O R M A T < l 6 2 X . l 1 . 5 X . A 4 . 1 X . 3 1 2 )  
8 3 2  F O R M AT ( l X . 3 ( 1 X . E 1 4 . 7 »  
8 3 3  F O R M A T ( 1 1 5 X . 5 H R I G H T . 4 3 X . 4 H B O S S . 4 X . 5 H C L A S S . 3 X . 5 H P O I N T / 3 X . 9 H A S C E N S I O  

1 N . 5 X . 5 H P M R A . 4 X . 1 1 H D E C L I N A T I O N . 4 X . 6 H P M  D E C . 5 X . 6 H N U M B E R . 2 X . 6 H N U M B E R  
2 . 2 X . b H N U M B E R . 1 X . 5 H P L A T E / )  

8 3 4  F O RMA T C  1 X .  4 ( 1 )(  • F 1 1  . 8 )  . 3 X . A 6  • 4X . 1 2 .  4 X . I 3  . 1 1  . 4 X  • A 4 )  
8 3 5  F OR M A T ( 9X . 2 1 H S TA N DA R D  C O O R D I N A T E S . 2 3 X . 4 H B O S S . 8 X . 5 H P O I N T / 9X . 3 H P S I .  

1 1 5 X . 3 H E TA . 2 2 X . 6 H N U M B E R . 6 X . 6 H N U M B E R . 5 X , 5 H P L A T E / )  
8 3 6  F O R M A T ( 4 X . E 1 4 . 7 . 4X . E 1 4 . 7 . 1 6 X . A6 . 6 X . l b . 6 X . A 4 )  
8 3 7  F O R M A T C 1 H 1 , 7 2 X , 5 H P A G E  . 1 2 / 2 4 X , 3 0 H P R E L I M I N A R Y  C A M E RA O R I E N TA T I O N ) 
8 3 8  F O R M A T C / 2 0 X . 8 H L A T I T U D E . 2 3 X , 9 H L O N G I T U D E / 1 7 X . 2 F 3 . 0 . F 8 . 4 . 1 8 X . 2 F 3 . 0 ,  

1 F 8 . 4 1 1 1 )  
8 3 9  F O R M A T ( I 1 3 X . 4 5 H P R E L I M I N A R Y  C A M E RA O R I E N TA T I O N C O M P U T E D  W I T H . 1 2 

1 . 6 H  S TA R S ) 
8 4 0  F O R M A T ( I 2 1 X , 5 H A L P H A . 1 0 X . 5 H O M E GA . 1 0 X , 5 H K A P P A  I 1 5 X , 3 ( 1 X , E 1 4 . 7 ) 

1 I I  2 2 X . 2 HX P . 1 3 X . 2 H Y P . 1 4 X , l H C I  1 5 X . 3 C 1 X . E 1 4 . 7 » 
8 4 1 1 F O R M A T ( 1 1 1 9X , * S TA N D A R D  C O O R D I N A T E S  A N D  R E S I D U A L S  C O M P U T E D  F R O M  O R I 

1 E N T A T I O N * l l b 5 X . b H P O I N T / 1 0 X . 4 H P S I , 1 1 X . 4 H E T A . 8X . 1 0 H D E L T A  P S I . 
2 5 X . l 0 H D E L TA E T A . 2 X . 7 H N U M B E R )  

8 4 1  F O R M A T C 4 X , 4 C i X . E 1 4 . 7 ) . l X , 1 6 )  
8 4 2  F O R M A T ( 1 1 1 2X . b O H * P R E L I M I N A R Y  C A M E R A  O R I E N T A T I O N T O  B E  R E C O M P U T E D  

1 W I T H S T A R  . 1 6 . 1 0 H R E M O V E D  * )  
8 4 3  F O R MA T C  I I I  2 0 X . 3 8 H R O T A T E D  P R E L I M I N A R Y  C A M E R A  O R I E N T A T I O N )  

8 4 4  F O R M A T ( l H l . 7 Z X . 5 H P A G E  , I Z 1 3 Z X . 1 4 H S . C . 0 .  H E A D E R S  I )  
8 4 5  F O R M A T ( 5 X . 3 6 H S I N G L E  C A M E R A  O R I E N T A T I O N P R O G  3 7 7 / 1 X . 1 H O . 4 X . 1 H O .  

1 2 ( 4 X . 1 H 1 ) . 4 X . 1 H O , 5 X . 1 H O . 3 X , l H O . 4 X . 1 H 2 , 4 X . 1 H 1 . 5 X . 1 H 1 . 3 X . l H O . 4 X .  
2 1 H O . 3 X . 2 H 1 0 )  

8 4 6  F O R M A T ( l X . 2 0 H + 1 0 0 0 0 0 - 0 6 + 1 0 0 0 0 0 - 0 1 . 2 A 1 0 . 4 0 H + b 5 0 0 0 0 - 0 1 + 3 0 0 0 0 0 - 0 2 + 1 2 6 
1 0 0 0 + 0 0 + 1 0 0 0 0 0 - 0 b / 1 X . A 5 . 1 X , A 1 0 . A 7 / 1 X . A 4 , 2 X . A 8 , b X . A 3 / 1 X . A 8 . 2 X ,  
2 3 A 8 . 1 7X . 5 H 3  6 9 )  

8 4 7  F OR M AT < 1 X .  A 4  , 2 X . 3 A B  • 2 X . 1 1  • 2 X . 2 F 3 . 0 ,  F B • 4 • 3 X . 2 F 3 . 0 .  F B • 4 • 3 X . F 1 1  . 4 )  
8 4 8  F O R M A T C 8 X , F 7 . 4 , 3 X , F 7 . 4 )  
8 4 9  F O R M A T ( 2 X . E 1 4 . 7 . 1 X . E 1 4 . 7 . 1 X . E 1 4 . 7 )  
8 5 1  F O R M A T ( 1 X . 8 0 H  1 0 1  + 0 0 1 5 1 5 + 1  + 2 1 1 6 1 6 + 1  + 2 1 0 1 0 1  

1 + 0 0 0 1 0 1  + 0 0 ) 
8 5 2  F O R M A T ( l X . 3 b H  2 6 5 0 0 0 0 0 + 0 1  2 6 5 0 0 0 0 0 + 0 1  0 0 0 0 0 0 0 0 + 0 0 / 1 X . 3 b H  1 0 0 0 0 0 0 0 +  

1 0 1  1 0 0 0 0 0 0 0 + 0 1  0 0 0 0 0 0 0 0 + 0 0 ) 
8 5 3  F O R M A T ( 5 X . 3 3 H S I N G L E  C A M E R A  O R I E N TA T I O N P R E  R U N / 1 X . 1 H 1 . 4 X . 1 H O . 2 ( 4 X ,  

1 1 H 1 ) . 4 X , 1 H O . 4 X . 1 2 . 3 X . 1 H 1 . 2 ( 4 X . 1 H O ) . 5 X . 1 H 2 , 3 X . 1 H O . 4 X , 1 H 5 , 4 X . 1 H O )  
8 5 4  F O R M A T < 1 X . 8 0 H 0 4 0 4  1 0 0 0 0 0 0 0 + 2 1 0 9 0 9  1 0 0 0 0 0 0 0 + 2 1 1 0 1 0  1 0 0 0 0 0 0 0 + 2 1 1 1 1 1  

1 1 0 0 0 0 0 0 0 + 2 1 1 2 1 2  1 0 0 0 0 0 0 0 + 2 1 / 1 X . 8 0 H 1 3 1 3  1 0 0 0 0 0 0 0 + 2 1 1 4 1 4  1 0 0 0 0 0 0 0 + 2 1 
2 1 5 1 5  1 0 0 0 0 0 0 0 + 2 1 1 6 1 6  1 0 0 0 0 0 0 0 + 2 1 0 1 0 1  0 0 0 0 0 0 0 0 + 0 0 )  

8 5 5  F O R M A T ( 1 X . 1 0 ( 1 X . I 2 . 1 1 »  
8 5 b  F O R M JI T < 1 X . 2 E 1 4 . 7  . 3 0 H  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 0 0 0 0 E + 0 0 . 4 X , I 3 . 1 1 , 4 

1 X . 1 H 1 . 1 X . A 6 . 1 X , l H O )  
8 5 7  F O R M AT < l X . 2 F 1 2 . 1 0 . 3 0 H  . 1 0 0 0 E + 0 1  . 1 0 0 0 E + 0 1  . 0 0 0 0 E + 0 0 , l b , 2 X . I 3 . I 1 . 1  

1 X . F 1 0 . 8 . 2 X . 1 H O )  
8 5 8  F O R M A T ( 1 1 2 5 X , * P L A T E  D A T A  R E D U C T I O N H E A D E R S  * / )  



6 5  

8 5 9  F O R M A T C 1 X . A S . 1 X . A 4 )  
8 6 0  F O R M A T C 1 Z X . 1 1 . 3 X . 4 C 1 X . E 1 4 . 7 ) / C Z X . E 1 4 . 7 . 1 X . E 1 4 . 7 . 1 X . E 1 4 . 7 . 1 X . E 1 4 . 7 .  

1 1 X . E 1 4 . 7 »  
8 6 1  F O R MA T <  4 X . A 4  • 3 A 8  • 1 1  • 1 X .  Z C F 3 . 0 .  1 H . ) • F 8 . 4 .  F 4 . 0 .  1 H . •  F 3 . 0 .  1 H . •  F 8 . 4 .  
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C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 , 8 0 6 , B U F F I N ( I N B U F »  ( 8 ( 1 ) , 1 = 4 , 6 )  
C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 , 8 1 6 , B U F F I N ( I N B U F »  ( S T A N A M ( I ) , 1 = 1 , 4 ) , ( B ( I ) , 1 = 7 , 1 3 ) , 

1 ( S T A N A M ( I ) , 1 = 5 , 6 ) 
I F ( B ( 7 ) . L T . 1 . )  B ( 7 )  = O .  
C A L L  D B U F ( 1 )  
D E C O D E ( 8 0 , 8 1 8 , B U F F I N ( I N B U F » ( I S S ( I ) , I D U M 1 ( 1 ) , I D U M 2 ( 1 ) , 1 = 1 , 9 )  
K C T = 0 
D O  1 2 0 1 = 1 , 9  
I F ( I S S ( I ) . E O . O )  G O  T O  1 2 0 
K C T  = K C T  + 1 
l S I  = I S S ( I )  
I I < l S I >  = I D U M 1 < I )  
N I ( I S I ) = I D U M 2 ( 1 )  
C O N T I N U E  

P R I N T H E A D E R S  

P R I N T 9 9 9  
C A L L  D A T E C  ( O A T ) 
P R I N T 9 0 1 , D A T , N V E N T , I P L T , N C O M  
I N D ( 1 ) = I N D ( 2 ) = 1  
P R I N T 9 1 3 , ( I N D ( I ) , 1 = 1 , 2 2 )  
P R I N T 9 0 2  
P R I N T 8 2 2 , ( X F P ( I ) , Y F P ( I ) , 1 = 1 , 8 )  
P R I N T 9 0 3  
P R I N T 8 2 3 , ( X P S ( I ) , Y P S ( I ) , P T N ( I ) , 1 � 1 , N P )  
I F ( I N O ( 1 5 ) . E O . O )  G O  T O  1 2 3 
P R I N T 9 0 4  
D O  1 2 2 1 = 1 , 1 2 

I P L A  = I P U 1 )  
I F ( I . G T . 6 )  I P L A  = I P L ( Z )  
K = I 
I F ( I . G T . 6 )  K = 1 - 6 
D O  1 2 1  J = 1 , 6  

I F ( A P A R ( J , I ) . N E . O . )  G O  T O  1 2 1 5  
C O N T I N U E  

G O  T O  1 2 2 
P R I N T 8 2 4 , ( A P A R ( J , I ) , J = 1 , 6 ) , I P L A , K  
C O �! T  I N U E  

I F ( I N D ( 1 6 ) . E O . 0 )  G O  T O  1 2 5  



C 

P R I N T 9 0 5  
P R I N T 8 2 4 , { B P A R e J ) , J = 1 , 6 )  

1 2 5  P R I N T  9 2 5  
P R I N T  8 2 4 , ( B < 1 ) , I = 1 , 6 )  
P R I N T 8 2 7 , ( S T A N AM ( I ) , I = l , 4 ) , ( B ( I ) , 1 = 7 , 1 3 ) , ( S T A N A M C I ) , I = 5 , 6 ) 
P R  I N T  9 2 6  
P R I N T  8 3 9 , ( I S S (  I ) ,  I D U M l ( I )  , I DU M 2 ( I )  , 1 = 1 , K C T >  
I F ( I R . E O . O ) G O  T O  1 2 6  

P R I N T 9 3 8  
P R I N T  8 3 6 , { N R E J e ] ) , 1 = 1 , I R )  

1 2 6 P R I N T 9 6 0 . T O L  

PR I N T Q b 1 , R ( 3b ) , T L M C H , T L NUM 
PR I N T 96 2 , « T M T P ( J , I ) , J = 1 , 4 ) , ] S T A ( I ) , I T N \ I ) , ( T M T P ( J , l ) , J = 5 , b ) , 

1 l = l , N F )  

I F C I N O ( 1 5 ) . E O . O )  G O  T O  1 2 7  
DO 1 2 6 5  1 = 1 , 1 2  

A P A R ( 3 . 1 )  = A P A R ( 3 , ! ) * C 8  
A P A R ( 6 , 1 )  = A P A R { 6 , 1 ) * C 8  

1 2 6 5  C O N T I N UE 
1 2 7  I F ( I N D ( 1 6 ) . E O . O )  G O  T O  1 2 7 5  

B P AR ( 3 )  = B P AR ( 3 ) * C 8 
B PA R ( 6 )  = B P AR ( 6 ) * C 8 

1 2 7 5 A L P H A  � C C l  • B ( l )  
O M E G A = C C l  * 8 ( 2 )  
C A P P A  � C e l  * 8 ( 3 )  

S I N A L P  = S I N  ( A L P HA ) 

C O S A L P  : C O S  ( A L P H A ) 
S I N O M G  : S I N  ( O M E G A ) 
C O S O M G  = C O S  < O M E G A ) 
S I N C O P  = S I N  ( CA P P A ) 
C O S  C O P  = C O S  ( C AP P A ) 
A l  � - C O S A L P  * C O S  C O P  + S I N A L P  * S I N O M G  * S I N C O P  
8 1  g - C O S O M G  * S I N C O P  
C 1  = S I N A L P  * C O S C O P  + C O S A L P  * S I N OM G  * S I N C O P  
A 2  � - C O S A L P  • S I N C O P  - S I N A L P  • S I N OM G  • C O S  C O P  
8 2  = C O S O M G  * C O S  C O P  
C 2  = S I N A L P  * S I N C O P  - C O S A L P  * S I N O M G  * C O S  C O P  

D O  = S ! NA L P . C O S O M G  
E E  = S I N O M G  

F G  � C O S A L P  * C O S O M G  
P I N R � C 6 * A B S ( B ( 8 »  + e 7 * A B S ( B ( 9 »  + e 8 * A B S C B ( 1 0 »  
I F C B ( 7 ) . E O . l . )  P I N R � - P I N R 
S I N L A T  = S I N  ( P I N R )  
C O S L A T  = C O S  ( P I N R )  
W X = R ( 1 3 )  $ W Y = R ( 1 4 )  $ W X Y = R ( 1 5 )  
J = M = N O P T = O  
I T P � 1 

7 5  

C R E A D  P L A T E  M E A S UR E M E N T S  A N D  S T O R E  O N  T A P E  
C 

1 3 0 CA L L  D B U F ( 1 )  
D E C O O E ( 8 0 , 8 0 7 , B U F F I N ( I N BU F »  N P L T . I T Y P , N P T , X T , Y T ,  I C O O E , J T E S T . I T E S T  
I F � J T E S T . N E . O . O R . I T E S T . N E . O )  G O  T O  1 4 5 
K P L T  = N P L T  
I F < I S G 4 . E O . O . O R . I T V P . N E . 0 )  G O  T O  1 3 2 
I J  = J J + l  
I L = I J - I K 



7 6  

C 

J = M = I S G 4 = O  
1 3 2 C A L L  S B U F C 5 , I T P )  

N C T = I X B U F C  I T P )  
B U F T C N C T , I T P ) = X U F T C N C T + 1 , I T P ) = Y ll F T C N C T + 2 , I T P ) =  I T Y P  
B U F T ( N C T + 3 ,  I T P ) = N P U F T C N C T + 4 , I T P ) = I C O D E  
I C N T ( I J )  = I C N T C I J )  + 1 
I F ( I T Y P . E O . 0 . O R . I T Y P . E O . 3 )  G O  T O  1 3 3 
I F C I D . E Q . 3 )  G O  T O  1 4 2 
I D = I T Y P  $ N O P T = O  
G O  T O  1 3 0 

C C O U N T  A N D  M E A N  F I D U C I A L S  A N D  D R I L L H O L E S  
C 

C 

1 3 3 I F C N O P T . N E . O )  G O  T O  1 3 5  
1 3 4 N O P T  = N P T  

1 0  = I T Y P  
N = S U M X = S U M Y = O  

1 3 5 I F C N P T . N E . N O P T . O R . I D . N E . I T Y P )  G O  T O  1 3 8 
N = N + 1  
I F C N . L E . 2 5 )  G O  T O  1 3 6 
P R I N T 9 5 1  
G O  T O  9 9  

1 3 6 I F ( I T Y P . E O . O )
·

G O  T O  1 3 0 
I X 1 ( N )  = X T * 1 . E + 6  + . 0 0 1  
I Y 1 ( N )  CI Y T * 1 . E + b + . 0.0 1 
I C D  ( N )  = I C O D E  
S U M X CI S U M X + X T  

S U M Y  : S U M Y  + V T  

G O  T O  1 3 0 
1 3 8 I F ( I D . e O . 3 )  G O  T O  1 4 2 

M CI M + 1  
I F ( M . L E . 8 ) G O  T O  1 4 0 
P R I N T 9 5 2  
G O  T O  9 9  

1 4 0 N U M ( M )  CI N 
G O  T O  1 3 4 

C C H E C K  A N D  S T O R E  D R I L L H O L E S  
C 

C 

1 4 2 J = J + 1  
C A L L  D R H C H K  ( J . N . I N U M . I X 1 . I V 1 . I C D . I S G 2 . I S G 3 . I S G 4 . I P G )  
T N  = N 
X 2  = S U M X I T N 
Y 2  = S U M V I T N  
CA L L  R E D U C E  ( X 2 , V Z , X 6 , Y 6 )  
X S T O R ( J . I J )  CI X 6  
Y S T O R C J , I J )  = Y 6  
N S T O R C J )  = N O P T  
I F ( I T V P . E O . 3 )  G O  T O  1 3 4 
1 0  = I T Y P  
N O P T  = 0 
G O  T O  1 3 0 

C L A S T  C A R D  O F  S E T  ( A N D  E R R O R  2 C A R D S ) 
C 

1 4 5 I F ( I i E S T . E O . Z )  G O  T O  1 3 0 
I F ( I T E S T . N E . O ) G O  T O  1 4 6 



C 

J T E S T CI 0 
I K  = I J  
G O  T O  1 3 0 

7 7  

C L E A S T  S � U A R E S  T RA N S F O R M A T I O N O F  D R I L L H O L E S  T O  B E S T  S U B S E T  ( P A T C H ) 
C 

1 4 6 I K 1 = I K + 1 
I F ( I N D ( 1 S ) . E O . 0 )  G O  T O  1 4 6 3  
L = 6 
D O  1 4 6 2  1 = I K 1 . I J 

L = L + 1  
D O  1 4 6 2  J = 1 . 6  

A P AR ( J , I )  = A P A R ( J , L ) 
1 4 6 2  C O N T I N U E  
1 4 6 3  N U  = 0 

D O  1 4 6 4  1 = 1 . 6  
N U  = N U  + I N O  ( I ) 

1 4 6 4  C O N T I N U E  
X N U  = N U 
D O  1 6 1  I E = 1 , 2  
P R I N T 9 9 9  
P R I N T 9 0 7 , I P L ( I E )  
P R I N T 8 2 5 . J C A M . I CA M . I P L T , I P L < I E ) . N C O M . ( R (  1 ) , 1 = 3 . 6 ) 
P R I N T 8 2 6 , ( R ( I ) .  1 = 7 , 3 6 )  
I A  = 1 
I F ( I E . E O . 2 )  I A  = I K 1  
I B = I K 
I F ( I E . E O . 2 ) I B  = I J  
C A L L  P L T C E N  ( X S T O R , Y S T O R , 1 2 , I A , X S , Y S ,  I E )  
D O  1 4 6 5  K = I A , I B  

Z U M A ( K )  = S O R T ( Z U M X ( K ) * * 2 + Z U M Y ( K ) * * 2 )  
D O  1 4 6 5  L = 1 . 8  

X S T O R ( L . K )  CI X S T O R ( L , K )  - X S ( I E )  
Y S T O R ( L . K )  = Y S T O R ( L . K )  - Y S ( I E )  

1 4 6 5  C O N T I N U E  
I S M 1  = I A  
I F ( I A . E O . I B )  G O  T O  1 4 7 �  
I K 2 = I A  + 1 
D O  1 4 7 K = I K 2 . I B  

I F ( Z U MA ( K ) . L T . Z U M A ( I S M 1 » I S M 1  = K 
1 4 7 C O N T I N U E  

1 4 7 5  I S N = I S M 1  - I A  + 1 
P R I N T 9 0 8 , I S N 
P R I N T 9 1 2  
D O  1 4 8 K = 1 . 8  

XXX CI X S T O R ( K . I S M 1 ) + X S ( I E )  
Y Y Y  = Y S T O R ( K . I S M 1 ) + Y � ( I E )  
P R I N T 8 3 0 1 . XXX . Y Y Y , N S T O R ( K )  
X C K )  = X S T O R ( K , I S M 1 > 
Y C K )  CI Y S T O R ( K ,  I S M 1 ) 
N X Y ( K )  = N S T O R ( K )  
X F ( K . I E )  = X ( K )  
Y F ( K , I E )  = Y ( K )  

1 4 8 C O N T I N UE : 

I S M ' I E )  = I S M 1  
I F ( i A . E O . I B )  G O  T O  1 6 i  
D O  1 6 0 I L = I A . I B  

507·908 0 • 73 · 6  



C 

I F ( i L . E O . I S M ( I E »  G O  T O  1 6 0 
I N  CI 1 L  - I A  + 1 
P R I N T 9 0 9 , I N , I S N 
I N O = 0 
I F ( I N D ( 1 5 ) . E O . O )  G O  T O  1 5 2 

D O  1 5 1  J = 1 . 6  
P AR ( J )  = A P AR ( J , I L )  

1 5 1  C O N T I N U E  
D O  1 5 1 5  J = 1 , 8  

C A L L  T R A N S F  ( P A R , X S T O R ( J , I L ) , Y S T O R ( J , I L »  
1 5 1 5  C O N T I N U E  

1 5 2 D O  1 5 4 J = 1 , 8  
O X  = X ( J )  - X S T O R ( J , I L >  
D Y  = Y ( J )  - Y S T O R ( J , I L )  
I F ( A B S ( D X ' . L T . R ( 3 6 ) . A N D . A B S ( D Y ) . L T . R ( 3 6 »  G O  T O  1 5 3 
P R I N T 9 6 4 . N X Y ( J ) , D X , D Y 
N X Y ( J )  = 0 
G O  T O  1 5 4 

1 5 3 XX ( J )  CI X S T O R ( J , I L )  
Y Y ( J )  = Y S T O R ( J , I L >  
I N O = I N O + 1 

1 5 4 C O N T I N U E  
I F C I N O . G E . N U )  G O  T O  1 5 6 
P R I N T 9 5 3 , I N O 
E N D  F I L E 5 
G O  T O  1 0 0 

1 5 6 D O  1 5 7 1 = 1 , 6  
P A R < I )  = O .  

1 5 7 C O N T I N U E  
C A L L  L S T S O  ( P A R , I N O , I N O , X N U , O , R O , D U M M , D U M M ) 
R O E  ( I L )  CI R O  
D O  1 5 8 J = 1 , 8  

C A L L  T RA N S F  ( P A R , X S T O R ( J , I L > , Y S T O R ( J , I L »  
X F ( J , I E )  = X F ( J , I E )  + X S T O R ( J , I L >  
Y F ( J , I E )  = Y F ( J , I E )  + Y S T O R ( J , i L >  

1 5 8 C O N T I N U E  
D O  1 5 9 1 = 1 , 6  

O P A R ( I , I L )  = P A R ( I )  
1 5 9 C O N T I N U E  
1 6 0 C O N T I N U E  
1 6 1  C O N T I N U E  

I S M 1  CI I S M ( 1 )  S 1 5 M 2  CI I S M ( 2 )  

C F I N D C E N T E R  O F  P L A T E  F RO M  M E A N  O F  P A T C H E D  D R I L L H O L E S  
C 

1 6 3 D O  1 6 7 1 = 1 , 2  
T N  CI I K  
I F ( I . E O . 2 )  T N  = I J - I K  
D O  1 6 4 J = 1 , 8  

X F e J , I )  = X F e J ,  I ) / T N  
Y F e J , I )  = Y F e J , I ) / T N  

1 6 4 C O N T I N U E  
C A L L  P L T C E N  e X F , Y F , 2 , I , X C , Y C , I )  
D E L X  = X F e 3 , 1 )  - X F ( 1 , I )  
D E L Y  = Y F ( 3 , 1 )  - Y F e 1 , I )  
C A L L  A N G L E  e D E L Y , D E L X , T A U L ) 
S N T L  = S I N C T A U L >  



C 

C S T L  = C O S  e T A U L )  
Y C O N  = 1 .  
F Z  = e V F e Z , I ) - V C e l » r C S T L  

� 4  = ( V � ( 4 , I ) - V C ( I » r C S T L  

'I F ( F 4 • L T . F 2 )  Y C O N = - 1 . 
X C ( I )  � X C ( I )  + X S ( I )  
v c e l )  = v c e l )  + V s e l )  

1 6 7 C O N T I N U E  

- e X F e Z , I ) - X C e l » r S N T L  

- e X � e 4 , 1 ) - X C e l » * S N T L  

P R I N T 9 1 1 ,  I P L ( 1 ) ,  I P L e Z ) , X C e 1 ) , V C e 1 ) , X C e Z ) , V C ( Z )  

7 9  

C T RA N S F O R M  P R E - I D E N T I F I E D S A T E L L I T E S  T O  S Y S T E M  O F  - 8 - A N D  - A - S E T S  
C 

C 

D O  1 6 4 4  1 = 1 , Z  
P R I N T 9 1 4 , I P L < I >  
D O  1 6 4 0  J = 1 , 8  

x e J )  = X F ( J , I )  + X S ( I )  - X C ( I )  
V ( J )  = V F ( J , I )  + V S ( I )  - V C ( I )  
Y ( J )  = Y ( J ) * Y C O N  
N X Y ( J )  = N S T O R ( J )  
X X  ( J )  = X F P C J ) 
Y V ( J )  � Y F P ( J )  

1 6 4 0  C O N T I N U E  
D O  1 6 4 1  J = 1 , S  

P A R ( J )  � O .  
1 6 4 1  C O N T I N U E  

I F ( I . E O . 1 )  P A R ( 6 )  = P I / C 8 
I F ( I . E O . 2 )  P A R ( 6 )  � O .  
I N D e 1  ) = I N D e Z ) = o 
CA L L  L S T S O  ( PA R , 8 , 8 , 3 . , O , D U M M , D U M M , D U M M ) 
D O  1 6 4 Z  J = 1 , N P 

X P S S ( J , I )  = X P S ( J )  
V P S S ( J ,  I )  = Y P S ( J )  
C A L L  T R A N S F  ( P A R , X P S S ( J , I ) , Y P S S ( J , I »  

1 6 4 Z  C O N T  I N U E  
S I N C O  = S I N ( P AR ( 6 »  
c o s c o  = C O S ( P A R ( 6 »  
XXX = P A R ( 6 ) * 2 0 0 . / P I  
P R I N T 9 1 S , PA R ( 4 ) , PA R ( S ) , XXX , S I N C O , C O S C O , Y C O N  
P R I N T 9 0 3  
D O  1 6 4 3  J = l , N P 

XXX = X P S S ( J , I )  + X C ( I )  
V V Y  � Y P S S ( J , I )  + V C e I )  
P R I N T 8 2 3 , XXX , Y Y Y , P T N ( J )  

1 6 4 3  C O N T I N U E  
1 6 4 4  C O N T I N U E  

CA L L  S B U F ( O , 1 )  
1 7 9 I F  ( U N I T , 1 )  1 7 9 , 1 8 0 , 1 8 0 , 1 8 0 
1 8 0 R E W I N D 1 

M O D E ( 1 ) = 1  S L E N ( 1 ) = O 
I F I R S T ( 1 ) = N E T X ( 1 ) = 1  
CA L L  S B U F ( 0 , 1 )  

C D E C I D E W H I C H  S E T  I S  T O  B E  T H E  P R I M A R Y  S E T  F O R  MAT C H I N G 
C 

I C T 1  � 0 
D O  1 8 4 0  J = 1 , I K 

I t T 1  � I C T 1  + I C N T ( J )  



8 0  

C 

1 8 4 0  C O N T I N U E  
I C T Z  CI 0 
D O  1 8 4 1  J = I K 1 , I J 

I C T Z  CI I C T 2  + I C N T e J )  
1 8 4 1  C O N T I N U E  

I C T 3  CI I C T 1  + I C T Z  
M C T ( 1 ) = M C T < Z ) = 0 
I F e Z U M A e I S M 1 ) . L T . Z UM A C I S M Z » G O  T O  1 8 4 Z  
I E = 1  $ I L = O  
I H D S ( 1 )  CI I P L C Z )  $ I H D S C Z )  CI I P L ( 1 )  
G O  T O  1 8 5 

1 8 4 Z  D O  1 8 4 5  J = 1 , I C T 1  
C A L L  S B U F C 5 , 1 )  

1 8 4 5  C O N T I N U E  
I E = Z  $ I L = I K  
I H D S ( 1 )  CI I P L ( 1 )  $ I H D S ( Z )  = I P L C Z )  

C P E R F O R M  C O M P A R A T O R  R E D U C T I O N O N  S T A R S  A N D  S A T E L L I T E S  A N D  S H I F T T O  
C C E N T E R  O F  P L A T E  

C 

C 

1 8 5 I L  CI I L + 1  
I C  CI I C N T < I L >  

N O P T = I D = L L = L R T = O  
D O  1 8 5 5  L = 1 , 6  

PA R C L )  CI O P A R C L , I L )  
RA P C L >  CI APA R C L ,  I L >  

1 8 5 5  C O N T I N U E  
D O  1 9 0 K = 1 , I C 

CA L L  S B U F C 5 , 1 )  
N C T CI I X B U F ( 1 )  

X Z = B U F T e N C T , 1 ) $ Y Z = B U F T e N C T + 1 , 1 ) $ I T Y P = B U F T C N C T + Z , 1 )  
N P T = B U F T C N C T + 3 , 1 ) $ I C O D E = B U F T e N C T + 4 , 1 )  
I F C I T Y P . E O . 0 . O R . I T Y P . E O . 3 )  G O  T O  1 9 0 
CA L L  R E D U C E C X Z , Y Z , X 6 , Y 6 )  
X 6  = X 6  - X C C I E )  
Y 6  = Y 6  - Y C U E )  
I F C I N D ( 1 5 ) . N E . 0 )  C A L L T R A N S F  C RA P , X 6 , Y 6 )  

C P A T C H  S T A R  A N D  S A T E L L I T E M E A S U R E M E N T S , N U M B E R  S T A R S  A N D  S A T E L L I T E S  
C A N D  S T O R E  O N  T A P E  
C 

I F C I L . N E . I S M 1 . A N D . I L . N E . I S M Z ) CA L L  T R A N S F  e P A R , X 6 , Y 6 )  
X R  = X 6  
Y R  CI Y 6 * Y C O N  
I F C I T Y P . E O . Z . O R . I D . E O . Z .  G O  T O  1 8 9 5  

1 8 9 3  CA L L  S A T N U M  C X R , Y R , N P T , I N O P T , I E )  
CA L L  S B U F C 5 , Z )  
N C T CI I X B U F C Z )  
B U F T C N C T , Z ) = X � F T C N C T + 1 , 2 ) = y e F T C N C T + 2 . 2 ) = I T Y P  

B U F T C N C T + 3 , Z ) = N P T  
N C T 4  = N C T + 4  

E N C O D E  C 1 0 , 8 1 9 . B U F T C N C T 4 , Z »  I N O P T  
M C T C I E )  = M C T C I E )  + 1 
G O  T O  1 8 9 7  

1 8 9 5  C A L L S T R N U M C N P T . N O P T , I T V P . I D . X R , V R )  
I F C I T Y P . E O . 9 )  G O  T O  1 8 9 3  

1 8 9 7  I � C K . N E . I C . O R . I T Y P . N E . 2 )  G O  T O  1 9 0 



c 

I T V P  = 9 
C A L L S T R N U M  C N P T . N O P T . I T V P . I D . X R . V R )  

1 9 0 C O N T I N U E  
I F C I L . N E . I K . A N D . I L . N E . I J )  G O  T O  1 8 5 
I F C Z U M A C I S M 1 ) . L T . Z U M A C I S M 2 » G O  T O  1 9 0 3  
I F C I L . E O . I J )  G O  T O  1 9 0 7  
I E  = 2 
G O  T O  1 8 5 

1 9 0 3  I F ( I L . E O . I K )  G O  T O  1 9 0 7  
1 9 0 4  I F  ( U N I T . l )  1 9 0 4 . 1 9 0 5 . 1 9 0 5 . 1 9 0 5  
1 9 0 5  R E W I N D 1 

L E N ( 1 ) = O 
I F I R S T ( 1 ) = N E TX ( 1 ) = 1  
C A L L  S B U F ( 0 . 1 )  
I E = 1  $ I L = O  

G O  T O  1 8 5 

8 1  

C O U T P U T  RAW D A T A  W I T H S T A R S  A N D  S A T E L L I T E S  N U M B E R E D  
C 

1 9 0 7  I F  ( U N I T . 1 )  1 9 0 7 . 1 9 0 8 . 1 9 0 8 . 1 9 0 8  
1 9 0 8  R E W I N D 1 

L E N ( 1 ) = 0 
I F I R S T ( 1 ) = N E T X ( 1 ) = 1  
C A L L  S B U F ( O . n 
C A L L  S B U F C O . 2 )  

1 9 0 9  I F  ( U N I T . 3 )  1 9 0 9 . 1 9 1 0 . 1 9 1 0 . 1 9 1 0  
1 9 1 0  R E W I N D 3 

M O D E ( 2 ) = 1  S L E N ( 2 ) = 0 
I F I R S T ( 2 ) = N E T X C Z ) = 1  
C A L L  S B U F ( 0 . 2 )  
L E N G T = 0 
J F I R S T  = N E X T  = 1 
C A L L  O B U F  ( 1 )  
E N C O D E  C 8 0 . 9 4 4 . B U F F I N C I N B U F »  C H E A D C I ) . I = 1 . 7 )  
J C T = K C T = 0 
D O  1 9 1 6  I E = 1 . 2  
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 . 8 4 7 . B U F F I N ( I N B U F »  I CA M . I P L T . I P L C I E ) . N C O M . C R C I ) . I = 3 . 6 )  
D O  1 9 1 1 N 0 1 = 7 . 3 Z . 5  

N 0 6  = N O l  + 4 
C A L L  O B U F ( 1 )  
E N C O D E  C 8 0 . 8 4 8 . B U F F I N C I N B U F » C R C I ) . I = N 0 1 . N 0 6 ) 

1 9 1 1 C O N T I N U E  
I F ( Z U M A ( I S M 1 ) . G E . Z U M A ( I S M 2 »  G O  T O  1 3 5 7  
I F C I E . E O . 2 )  G O  T O  1 9 1 4  
I J K = M C T ( 2 )  
D O  1 9 1 2  J = l . I J K 

C A L L  S B U F ( 5 . 2 )  
1 9 1 2  C O N T I N U E  

G O  T O  1 3 5 7  
1 9 1 4  I F  C U N I T . 3 )  1 9 1 4 . 1 9 1 5 . 1 9 1 5 . 1 9 1 5  
1 9 1 5  R E W I N D 3 

L E N ( 2 ) = 0 
I F I R S T ( 2 ) = N E T X C 2 ) = 1  
C A L L  S B U F C O . 2 )  

1 3 5 7  C A L L  S B U F C 5 . 1 )  
J C T = J C T + 1 



8 2  

N C T = I X B U F ( 1 )  
X T = B U F T ( N C T , 1 ) S Y T = B U F T ( N C T + 1 , 1 ) S I T Y P = B U F T ( N C T + 2 , 1 )  
I C O D E = B U F T ( N C T + 4 , 1 )  
I X  = X T * 1 . E + 6  + . 0 0 1  
I Y  = Y T * 1 . E + 6  + . 0 0 1  
I F ( I T Y P . N E . 0 . A N D . I T Y P . N E . 3 )  G O  T O  1 3 5 9  
N P T = B U F T ( N C T + 3 , 1 )  
G O  T O  1 3 6 0  

1 3 5 9  C A L L  S B U F ( 5 , 2 )  
N C T = I X B U F ( 2 )  
N P T  = B U F T ( N C T + 3 , l )  
I F C I T Y P . N E . 2 )  G O  T O  1 3 6 0  
I F C N P T . E O . O )  G O  T O  1 3 7 2  

1 3 6 0  K C T = K C T + 1 
K R N T ( K C T , 1 ) = I T Y P  S K R N T C K C T , l ) = N P T  S K R N T ( K C T , 3 ) = I X  
K R N T C K C T , 4 ) = I Y  S P R N T C K C T ) = B U F T ( N C T + 4 , 2 )  

1 3 6 1  I F C K C T . L T . 1 6 8 . A N D . J C T . N E . I C T 3 )  G O  T O  1 3 7 1  
M 1  = 5 6  
I F C M 1 . GT . K C T ) M 1  = K C T 
P R I N T 9 3 3 , N V E N T , I P L T  
D O  1 3 7 0  1 = 1 , M 1 

I F C C I + 1 1 2 ) . G T . K C T )  G O  T O  1 3 6 3  
N M  = I + 1 1 1 
G O  T O  1 3 6 4  

1 3 6 3  I F C ( I + 5 6 ) . G T . K C T )  G O  T O  1 3 6 7  
N M  = I + 5 6  

1 3 6 4  P R I N T 8 4 0 , ( C K R N T C K , M ) , M = 1 , 4 ) , P R N T C K ) , K = I , N M , 5 6 )  
G O  T O  1 3 7 0  

1 3 6 7  P R I N T 8 4 0 , ( K R N T C I , M ) , M = 1 , 4 ) , P R N T C I )  
1 3 7 0  C O N T I N UE 

K C T = 0 
1 3 7 1  C A L L  O B U F  C 1 >  

E N C O D E  ( 8 0 , 8 4 1 , B U F F I N ( I N B U F » K P L T , I T Y P , N P T , I X , I Y , I C O D E , I D U M  

1 3 72 I F ( J C T . N E . I C T 1 . A N D . J C T . N E . I C T 3 )  G O  T O  1 3 5 7  
C A L L  O B U F ( 1 )  

E N C O D E  C 8 0 , 8 1 2 , B U F F I N ( I N B U F »  I T  
1 9 1 6  C O N T I N U E  

C 
C M A T C H I N G S E C O N D A R Y  S E T  T O  P R I M A R Y  S E T  C S T A R S  O N L Y ) 
C 

C 

1 9 2 I F  ( U N I T , 3 )  1 9 1 , 1 9 3 , 1 9 3 , 1 9 3 
1 9 3 R E W I N D 3 

L E N ( 2 ) = 0 
I F I R S T ( 2 ) = N E T X ( 2 ) = 1  
C A L L  S B U F C O , 2 )  
I C T 1 = M C T ( 1 )  $ I C T 2 = M C T ( 2 )  
I F C Z U M A C I S M 1 ) . G E . Z U M A C I S M 2 » G O  T O  1 9 4 
I C T 1 = M C T ( 2 )  S I C T 2 = M C T ( 1 )  

1 9 4 P R I N T 9 9 9  
P R I N T 9 2 3 , I H D S ( 1 ) , I H D S ( 2 ) , I H D S ( 1 )  
N U  CI 0 
D O  1 9 6 1 = 1 , 6  
N U  = N U  + I N D ( I + 6 )  

1 9 6 C O N T I N U E  
X N U  = N U  

C R E A D  S E C O N D A R Y  S E T  F R O M  S T O R A G E  



C 

C 

I N O = I R E S C K = K = K L = O  
D O  Z O Z  L = 1 , I C T 1 
C A L L  S B U F ( 5 , Z )  
N C T CI I X B U F ( 2 )  
X T = B U F T ( N C T , Z ) $ V T = B U F T ( N C T + 1 , Z ) $ I T V P = B U F T ( N C T + 2 , 2 )  
N O P T = B U F T ( N C T + 3 , 2 )  
I F ( N O P T . E O . O )  G O  T O  Z 0 2  
I F ( I R . E O . O )  G O  T O  1 9 8 
D O  1 9 7 I = 1 , I R 

I F ( N O P T . E O . N R E J ( I »  G O  TO Z O Z  
1 9 7 C O N T I N U E  
1 9 8 X T  = - X T 

Y T  = - Y T  
I F ( I N D ( 1 6 ) . E O . 0 )  G O  T O  1 9 9 
C A L L  T R A N S F  C B P A R , X T , V T )  

1 9 9 I F ( I T V P . G T . 7 )  G O  T O  2 0 1  
K = K + 1 
XX ( K )  = X T  
V V ( K )  = V T  
N X V ( K )  CI N O P T  
G O  T O  Z O Z  

2 0 1  K L  = K L + 1 
X S A T 2 C K L >  = X T  
Y SA T 2 ( K L )  CI Y T  

N S A T 2 ( K L )  = N O P T  
Z 0 2  C O N T I N U E  

L L  = L L L  = K 
K L L  = K L  

C R E A D  P R I M A R V  S E T  A N D  L O OK F O R M A T C H  
C 

P R I N T 9 Z 4 , I H O S ( 1 )  
P R I N T 9 4 5  
L 1 N C N T  = 6 
K = 1  $ I = M = K L = O  

2 0 5  J CI K 
Z 0 6  CA L L  S B U F C 5 , 2 )  

N C T = I X B U F ( 2 )  
X T = B U F T ( N C T , 2 ) $ V T = B U F T C N C T + 1 , 2 ) $ I T V P = B U F T C N C T + Z , 2 )  
N O P T = B U F T C N C T + 3 , 2 )  
I = 1 + 1  
I F ( N O P T . E O . O )  G O  T O  Z 1 3  
I F C I T V P . G T . 7 ) G O  T O  2 1 1 

2 0 7  I F ( N X V ( J ) . E O . N O P T ) G O  T O  2 1 2  
J CI J + 1  
I F C J . L E . L L L )  G O  T O  2 0 7  
P R I N T 8 3 0 , X T , V T , W X , W V , WX V , I T V P , N O P T  
L I N C N T  = L I N C N T  + 1 
I F C M . L T . 1 5 0 )  G O  T O  2 1 0  
P R  I N T  9 6 6 , I H O S  C 1 ) 
G O  T O  2 9 1  

2 1 0  M F  = 1 0 0 0 - M  
X ( M F )  = X T  
Y C M F )  = V T  
N A M C M + 1 ) = N O P T  
M = M + 1  

8 3  



8 4  

C 

I F ( I - I C T 2 ) 2 0 5 , 2 1 5 , 2 0 5  
2 1 1  K L  CI K L + '  

X S A T C K L >  = X T  
Y S A T ( K L >  = Y T  
N S A T ( K L >  = N O P T  

2 1 3  I F ( I - I C T 2 ) 2 0 6 , 2 1 5 , 2 0 6  
2 1 2  D E L X  = X X ( J )  - X T  

D E L Y  = Y Y ( J )  - Y T  
I F ( A B S ( D E L X ) . L E . T L M C H . A N D . A B S ( D E L Y ) . L E . T L M C H )  G O  T O  2 1 4  
P R I N T 9 5 5 , X T , Y T , W X , W Y , WX Y , I T Y P , N O P T , D E L X , D E L Y  
L I N C N T  CI L I N C N T  + 1 
T E M P  = XX ( L L L >  

XX ( L L L >  = XX ( J ) 
XX ( J )  = T E M P  
T E M P  = Y Y ( L L L >  
Y Y ( L L L > = Y Y ( J )  
Y Y C J )  = T E M P  
T E M P  = N X Y C L L L >  
N X Y ( L L L )  = N X Y ( J )  
N X Y ( J )  = T E M P  
L L L  CI L L L  - 1 
I F C I - I C T 2 ) 2 0 5 , 2 1 5 , 2 0 5  

2 1 4  X ( K )  = X T  
Y ( K )  = Y T  
T E M P  = XX ( K )  
XX ( K )  = XX ( J )  
XX ( J )  CI T E M P  
T E M P  = Y Y ( K )  

Y Y C I O  = V V ( J )  
Y Y ( J )  = T E M P  
T E M P  = N X V ( K )  
N X Y ( K )  CI N X Y ( J )  
N X Y ( J )  CI T E M P  
K = K + 1  
I N O = I N O + 1 
I F ( I - I C T 2 ) 2 0 5 , 2 1 5 , 2 0 5  

2 1 5  I F ( M . E O . O )  G O  T O  2 2 1 

C L O O K  F O R  M E A S U R E M E N T  M A T C H  A N D  R E N U M B E R  
C 

I H D CI 0 

D O  2 2 0  I O = 1 , M  
I F ( K - 1 . E O . L l )  G O  T O  2 2 1  
M F  CI 1 0 0 1 - 1 0  
D O  2 1 7 J O = K , l L 

D E L X  = XX C J O )  - X ( M F )  
D E L Y  = Y Y ( J O )  - Y ( M F )  
I F C A B S ( D E L X ) . L E . T L N U M . A N D . A B S ( D E L Y ) . L E . T L N U M ) G O  T O  2 1 8  

2 1 7  C O N T I N U E  
G O  T O  2 2 0  

2 1 8  i F C I H D . G T . O )  G O  T O  2 1 9  
P R I N T 9 4 6 , I H D S ( 2 ) , I H D S C 1 )  
I H D = 1 

2 1 9  P R I N T 9 4 7 , N X V C J O ) , N A M ( I O )  
X C i O  = X ( M F )  
V ( K )  = Y ( M F )  
N X V ( J O )  CI N X V ( K )  



C 

N X Y C K )  = N A M C I O )  
T E M P  = XX C K )  
X X C K )  CI XX C J O )  
XX ( J O )  = T E M P  
T E M P  = Y Y C K )  
Y Y C K )  = Y Y C J O )  
Y Y C J O )  = T E M P  
K = K + 1  
I N O = I N O + 1 

2 2 0  C O N T I N U E  
2 2 1  K K  = K K K  CI K - 1 

I F C I N O . G E . N U )  G O  T O  2 2 3  
P R I N T 9 5 3 , I N O 
G O  T O  2 9 1  

2 2 3  D O  2 2 4  J = 1 , 6  
P A R C J )  = O .  

2 2 4  C O N T I N U E  
CA L L  L S T S O  C P A R , K K , I N O , X N U , 6 , R O E S , X M E A N , Y M E A N ) 

C C H E C K  R E S I D U A L  S I Z E 

C 

C 

I F ( I R E S C K . E O . 1 )  G O  T O  2 2 9  
I F C R E J E C T . E O . O . )  R E J E C T = 3 .  
R E J X  CI R E J E C T * X M E A N  
R E J Y  = R E J E C T * Y M E A N  
D O  2 2 8  J = 1 , K K 

I F C A B S C VX C J » . L T . R E J X . A N D . A B S C V Y C J » . L T . R E J Y )  G O  T O  2 2 8  
I F C I R E S C K . E O . 1 )  G O  T O  2 2 7  
P R I N T 9 9 9  
P R I N T 9 2 7 , R E J E C Y 
I R E S C K = 1 

2 2 7  T E L G  CI VX C J )  • 1 . E + 6  
T E J G  CI V Y C J )  * 1 . E + 6  
P R I N T 9 4 0 , N X Y C J ) , T E L G , T E J G  
I N O = I N O - 1 
N T X = N X Y C J ) / 1 0 0 0  
I F C J R . E O . O )  G O  T O  2 2 7 5  
D O  2 2 7 3 L 1 = 1 , J R 

I F C N T X . E O . N C R C L 1 » G O  T O  2 2 7 7  
2 2 7 3 C O N T I N U E  
2 2 7 5  J R  = J R + 1 

N C R ( J R )  = N TX 
2 2 7 7  N X Y ( J )  = 0 

2 2 8  C O N T I N U E  
I F C I R E S C K . E O . 1 )  G O  T O  2 2 3  

C S T O R E  M A T C H E D  S T A R  P O I N T S  O N  T A P E  
C 

2 2 9  I F  C U N I T , 1 )  2 2 9 , 2 3 0 , 2 3 0 , 2 3 0  
2 3 0  R E W I N D 1 

M O D E ( 1 ) = L E N ( 1 ) = 0 
I F I R S T ( 1 ) = N E TX C 1 ) = 1  
N S  = 0 
D O  2 3 2  J = 1 , K K 

I F C N X Y C J ) . E O . O )  G O  T O  2 3 2  
N S  CI N S  + 1 
X M  = C X C J )  + X O e J » / 2 .  

8 5  



8 6  

C 

Y M  a C Y C J )  + Y O C J » / 2 .  
C A L L  S B U F C 4 . 1 )  
N C T = I X B U F ( 1 )  
B U F T C N C T . 1 ) = X � F T C N C T + 1 . 1 ) = Y H F T C N C T + 2 . 1 ) = I T P 2  
B U F T C N C T + 3 . 1 ) = N X Y C J )  

2 3 2  C O N T I N U E  
K K 1  a K K + 1 
I F C K K 1 . G T . L L )  G O  T O  2 3 6  
P R I N T 9 2 8 . I H D S ( 2 )  
P R I N T 9 4 5  
D O  2 3 4  J = K K 1 . L L 

C A L L  T RA N S F  ( PA R . X X C J ) . Y Y C J »  
P R I N T 8 3 0 . XX ( J ) . Y Y ( J ) . WX . W Y . WX Y . I T P 2 . N X Y ( J )  

2 3 4  C O N T I N U E  
2 3 6 CA L L  H I S T O  C X M E A N . Y M E A N . K K . I N O . I H I S T . T I T L E ) 

P R I N T 9 9 6  
K K S  = K K  
D O  2 3 7  J = 1 . K K 

X O ( J )  = N X Y ( J )  
2 3 7  C O N T I N U E  

C R O TA T I O N A N D  T R A N S L A T I O N O F  S A T E L L I T E P O I N T S  
C 

P R I N T 9 9 9  
P R I N T 9 2 9 . I H D S ( 1 )  
P R I N T 9 4 5  
K L 1  = K L L - 1 
D O  2 3 8  J = 1 . K L 1  

I = K l L - J  
D O  2 3 8  K = 1 . 1  

I F C N SA T 2 C K ) . L T . N S A T 2 C K + 1 » G O  T O  2 3 8  
T E M P  a X S A T 2 ( K )  
X S A T 2 ( K )  = X S A T 2 ( K + 1 ) 
X S A T 2 C K + 1 ) a T E M P  
T E M P  = Y S A T 2 C K )  
Y S A T 2 ( K )  = Y S A T 2 C K + 1 ) 

Y SA T 2 ( K + l ) : T E M P  
T E M P  = N SA T 2 ( K )  
N S A T 2 ( K )  = N S A T 2 ( K + 1 )  
N SA T 2 C K + 1 ) = T E M P  

2 3 8  C O N T I N U E  
K L 1  = K L - 1 
D O  2 3 9  J = 1 . K L 1  

I = K L - J  
D O  2 3 9  K =  1 .  I 

I F ( N SA T ( K ) . L T . N S A T ( K + 1 »  G O  T O  2 3 9  
T E M P  = X S A T C K )  
X S A T ( K )  = X S A T ( K + 1 ) 
X S A T ( K + 1 ) = T E M P  
T E M P  = Y S AT < K )  
Y S A T ( K )  = Y SA T ( K + 1 ) 
Y S A T ( K + 1 ) a T E M P  
"'!" E M P  = N S AT C K )  
N S A T ( K )  a N S AT ( K + 1 ) 
N S AT ( K + 1 ) = T E M P  

2 3 9  C O N T I N U E  
N B = � D = S U M = X S U M = Y S U M = X S U M S = Y S U M S = O  



C 

L = 1 

D O  2 4 6  J = 1 , K l 
I F ( I R . E O . O )  G O  T O  2 4 1  
D O  2 4 0  K = 1 , I R 
[ F ( N S A T ( J ) . E O . N R E J ( K »  G O  T O  2 4 6  

2 4 0  C O N T I N U E  
2 4 1  I F ( L . G T . K L L )  G O  T O  2 4 1 5  

I F ( N S AT ( J ) - N S A T 2 ( L »  2 4 1 5 , 2 4 3 , 2 4 2  
2 4 1 5  P R I N T 8 3 0 , X S A T ( J ) , Y SA T ( J ) , W 1 , W 2 , W 3 ,  I T P 9 , N S A T ( J )  

G O  T O  2 4 6  
2 4 2 N B  = N B  + 1 

XX ( N B )  = X S A T 2 ( L )  
Y Y ( N B )  = Y S A T 2 ( L )  
XX ( N B + 7 5 0 )  = N S A T 2 ( L )  
L = L + t 
G O  T O  2 4 1  

2 4 3  X A = X S A T ( J )  S Y A = Y S A T ( J )  
X B = X S A T 2 ( l )  $ Y B = Y S A T 2 ( l )  
L = L + 1  
O E L X  = X B  - X A  
D E L Y  = Y B  - Y A  
I F ( A B S ( O E L X ) . L E . T L M C H . A N O . A B S ( O E L Y ) . L E . T L M C H ) G O  T O  2 4 4  
P R I N T 9 5 5 , X A , Y A , W 1 , W 2 , W 3 , I T P 9 , N S A T ( J ) , O E L X , O E L Y  
N B  = N B  + 1 
XX ( N B )  = X B  
Y Y ( N B )  CI Y B  
XX ( N B + 7 5 0 )  = N S A T ( J )  
G O  T O  2 4 6  

2 4 4  CA L L  T RA N S F  ( P AR , X B , Y B )  
X R  = ( XA + X B ) / 2 .  
Y R  = ( Y A + Y B ) / 2 .  
S U M  = S U M  + 1 .  
O X  CI 2 . * ( XA - X R ) 
O Y  = 2 . * ( Y A - Y R ) 
X S U M  = X S U M  + O X  
Y S U M  = Y S U M  + O Y  
N O  = N O  + 1 
C A L L S B U F ( 4 , 1 )  
N C T = I X B U F ( 1 )  
B U F T ( N C T , 1 ) = X � F T ( N C T + 1 , 1 ) = Y e F T ( N C T + 2 , 1 ) = I T P 9  
B U F T ( N C T + 3 , 1 ) = N SA T ( J )  
X ( N O )  = O X * 1 . E + 6  
Y ( N O )  = O Y * 1 . E + 6  
N X Y ( N O )  CI N S AT ( J )  

2 4 6  C O N T I N U E  

C P R I N T D I F F E R E N C E S  A F T E R  S A T E L L I T E T RA N S F O R M A T I O N 
C 

M 1 CI 1 
M 2  = S 4  

2 4 7  I F ( M 2 . G T . N D )  M Z  = N O  
P R I N T 9 4 2 , N V E N T , I P L T  
D O  2 5 3  J = M 1 , M 2 

I F « J + 1 6 2 ) . G T . N O )  G O  T O  2 4 8  
N M  = J + 1 6 2 
G O  T O  2 S 1 

2 4 8  1 � ' ( J + 1 0 8 ) . G T . N O )  G O  T O  Z S O  

8 7  



8 8  

C 

N M  CI J + 1 0 8 
G O  T O  2 5 1 

2 5 0  I F C ( J + 5 4 ) . G T . N O )  G O  T O  2 5 2  
N M  = J + 5 4  

2 5 1  P R I N T 9 4 0 . ( N X V C K ) . X C K ) . V ( K ) . K = J . N M . 5 4 )  
G O  T O  2 5 3  

2 5 2  P R I N T 9 4 0 . N X V ( J ) . X ( J ) . V ( J )  
2 5 3  C O N T I N U E  

M 1  = M 1  + 2 1 6  
M 2  = M 2  + 2 1 6  
I F C M 1 . L E . N O )  G O  T O  2 4 7  
C A L L  S B U F C O . 1 )  

2 5 5  I F  ( U N I T . 1 )  2 5 5 . 2 5 6 . 2 5 6 . 2 5 6  
2 5 6  R E W I N O 1 

M O O E ( 1 ) : 1  $ L E N ( 1 ) = 0 
I F I R S T ( 1 ) = N E TX ( 1 ) = 1  
C A L L  S B U F C O . 1 )  
X M  = X S U M / S U M * 1 . E + 6  
Y M  = Y S U M / S U M * 1 . E + 6  

DO 2 5 8  J = 1 . N O 
X ( J )  = X ( J )  - X M  
Y ( J )  = V ( J )  - Y M  
X S U M S  = X S U M S  + X ( J ) * * 2 
V S U M S  = V S U M S  + V ( J ) * * 2 

2 5 8  C O N T I N U E  
E R R X  = S O R T ( X S U M S / C 4 . * N O »  
E R R V  CI S O R T C V S U M S : ( 4 . * N O·» 
E R R X V  = S O R T « X S U M S + V S U M S ) / ( 8 . * N O »  
P R I N T 9 3 1 . X M . V M . E R RX . E R R V . E R R X V  
E R R X V  = E R R X V  • 1 . E - 6  
I F ( N B . E O . O )  G O  T O  2 6 3  
P R I N T 9 3 2 . I H O S ( 2 )  
D O  2 6 1  J = 1 . N B 

C A L L  T RA N S F  ( PA R , XX ( J ) , Y Y ( J »  
N P P T  = XX ( J + 7 S 0 ) 

P R I N T 8 3 0 . XX ( J ) . Y Y ( J ) . W 1 . W 2 . W 3 . I T P 9 . N P P T  
2 6 1  C O N T I N U E  

C P R I N T O U T P U T  A N D  W R I T E O N  T A P E  
C 

2 6 3  P R I N T 9 3 6  
I F ( 2 U M A < I S M 1 ) . L T . 2 U M A ( I S M 2 »  P R I N T 9 6 5  
P R I N T 9 4 5 1  
L l N C N T  = 5 
L K  = N S  + N O  
J = 0 S K = 1 
D O  2 7 7  I = 1 . L K 

C A L L  S B U F ( 4 . n  
N C T = I X B U F ( 1 )  
X R = B U F T ( N CT . 1 ) S V R = B U F T ( N CT + 1 . 1 ) S I T Y P = B U F T ( N C T + 2 . 1 )  
N O P T = B U F T ( N C T + 3 , 1 )  
I F ( Z U MA ( I S M 1 ) . L T . Z U MA ( I S M 2 » X R  = - X R  
I F ( Z U MA ( I S M 1 ) . L T . 2 U MA C I S M 2 » V R  = - V R  
C A L L  O B U F ( 1 )  
I F ( I T V P . G T . 7 ) G O  T O  2 7 1  
E N C O D E  ( 8 0 . 8 1 1 . B U F F I N ( I N B U F » XR . Y R . W X . W V . W X V . I T V P . N O P T . I P L T  
P R I N T 8 3 0 2 . X R . V R . WX . W V . W X V .  I T V P . N O P T . I P L T  



I F ( I . N E . N S )  G O  T O  2 6 5  
I N F = I N B U F  + 6 
E N C O D E  ( 2 0 . 8 4 9 . B U F F I N ( I N F »  N O P T . I P L T . I T  

2 6 5  T N O P  = N O P T  
D O  2 6 9  L = K . K K S  

L = L 
I F ( T N O P . E O . X O ( L »  G O  T O  2 7 0  

2 6 9  C O N T I N U E  
2 7 0 XX ( L )  � X R  

Y Y <  L >  = Y R  
K = l + 1  

N TX : N O P T / 1 0 0 0  
I F ( M R . E O . O )  G O  T O  2 7 0 7  
D O  2 7 0 5  L 1 = 1 . M R 

I F ( N T X . E O . M E A ( L 1 » G O  T O  2 7 6 
2 7 0 5  C O N T I N U E  
2 7 0 7  M R  = M R + 1 

M E A ( M R )  � N TX 
G O  T O  2 7 6  

2 7 1  E N C O D E  ( 8 0 . 8 1 1 . B U F F I N ( I N B U F »  X R . Y R . L·l1 . W 2 , W 3 . I T Y P , N O P T , I P L T  
P R I N t 8 3 0 2 . X R . Y R . W 1 . W 2 . W 3 .  I T Y P . N O P T . I P L T  
J = J + 1  
X ( J )  = X R  
V C J )  = V R  
N X Y C J )  = N O P T  

2 7 6 L I N C N T  � L I N C N T  + 1 
I F C L I N C N T . L T . 6 0 )  G O  T O  2 7 7  
P R I N T 9 3 7  
P R I N T 9 4 5 1 
L I N C N T  = 3 

2 7 7  C O N T I N U E  
I N F  = I N B U F  + 6 
E N C O D E  ( 2 0 . 8 4 9 , B U F F I N ( I N F »  N O P T , I P L T , I T  
I F ( I N O ( 2 0 ) . E O . 0 )  G O  T O  2 8 5  

2 7 8  I F ( X O ( K K S ) . N E . O . ) G O  T O  2 8 0  
K K S  = K K S - 1 
G O  T O  2 7 8  

2 8 0  D O  2 8 3  1 = 1 . K K S  
I F ( X O ( I ) . E O . O . )  G O  T O  2 8 3  
N P P T  = X O ( I )  
C A L L  O B U F  ( 1 )  

8 9  

E N C O D E  ( 8 0 , 8 3 8 , B U F F I N ( I N B U F »  X X ( I ) . Y Y ( I ) , VX ( I ) , V V ( I ) , N P P T . I P L T  
2 8 3  C O N T I N U E  

I N F = I N B U F  + 6 
E N C O D E  ( 2 0 . 8 5 0 . B U F F I N ( I N F »  N P P T , I P L T . I T  

C 
C C U R V E  F I T ,  H I S T O G R A M , G R I D  P L O T , S U M M A R Y  S H E E T  
C 

2 8 5  I F ( I N D ( 1 9 ) . E O . 0 )  G O  T O  2 9 0  
I F ( I C F . N E . O )  I O R D E R ( 1 )  = I C F 
C A L L  C U R V F T  ( N D , I H I S T . I N D ( 2 1 ) . I O R D E R . R O E S , E R RXV . R SX , R S Y ) 

2 9 0  C A L L  G R I D ( I R . J R . M R . I U )  
R O E S = R O E S * 1 . E + 6  $ E R R X Y = E R R X V * 1 . E + 6  $ R S X = R SX * 1 . E + 6  $ R S Y = R S Y * 1 . E + 6  
X M E A N = . 5 * X M E A N * 1 . E + 6  $ Y M E A N = . 5 * V M E A N * 1 . E + 6  
D O  2 8 9 9 I = 1 . I J 

I F c I . E O . I S M 1 . 0 R . I . E O . I S M 2 ) G O  T O  2 8 9 9  
0 F' A R ( 6 , I )  CI O P A R C 6 . 1 ) / C 8 



9 0  

R O E C I )  = R O E C I ) * 1 . E + 6  
o P A R  C 1 , I ) = 0 P A R  C 1 , I ) * 1 . E + 6 $ 0 P A R  C 2 , I ) = (".p A R C 2 , I ) * 1 . E + 6 
O P A R C 4 , 1 ) = O P A R C 4 , 1 ) * 1 . E + 6  $ O P A R C S , I ) = O PA R C S , I ) * 1 . E + 6  

2 8 9 9  C O N T I N U E  
P A R ( 1 ) = P A R C 1 ) * 1 . E + o  $ P A R ( 2 ) = P AR ( 2 ) * 1 . E + o  $ P AR ( 4 ) = P A R ( 4 ) * 1 . E + o  
P A R C S ) = P A R ( S ) * 1 . E + 6  $ P A R ( 3 ) = PA R C 3 ) / C 8 $ P A R ( 6 ) = P A R C 6 ) / C 8 
P U N C H  8 1 7 , N V E N T , I P L T , R O E S , I N O , N V E N T , I P L T , E R RX , E R R Y , E R R X Y , N D 
C A L L  S H I F T O ( S T A N A M ( 1 ) , N S TA , 2 4 )  
C A L L  M I C A R D  ( I P L T , N V E N T , N S TA , D U M , D U M , D U M , O , O ) 
P R I N T 9 9 9  
P R I N T 9 7 3  
I O M 1  = N V E N T  $ I D M 2  � I P L T  
D O  2 9 0 9  I E = 1 , 2  
l A  CI 1 
I F ( I E . E O . 2 )  I A  = I K 1  
I B � I K  
I F ( I E . E O . 2 )  I B  CI I J  
I F C I E . E O . 2 )  I D M 1  = I D M 2  = 1 H  
I F C I S M < I E ) . N E . I A )  G O  T O  2 9 0 1 
P R I N T 9 6 8 , I D M 1 , I D M 2 , N C O M , I P L ( I E ) , I T , Z U M X ( I A ) , Z U M Y C I A ) , S X ( I A ) , 

1 S Y ( I A )  
G O  T O  2 9 0 2  

2 9 0 1 P R I N T 9 6 8 , I D M 1 , I D M 2 , N C O M , I P L ( I E ) , I T , Z U MX C I A ) , Z U M Y ( I A ) , SX ( I A ) , 
1 S Y ( I A ) , ( O PA R ( J , I A ) , J = 1 , 2 ) , ( O P A R C J , I A ) , J = 4 , 6 ) , R O E ( I A )  

2 9 0 2  P R I N T 9 9 8  
I F C I A . E O . I B )  G O  T O  2 9 0 9  
I K 2 CI I A  + 1 
D O  2 9 0 4  1 = I K 2 , I B  

I L  = I - I A  + 1 

I F C l . E O . I S M < I E ) \ G O  T O  2 9 0 3  
P R I N T 9 6 9 , I P L ( I E ) , I L , Z U M X ( I ) , Z U M Y C I ) , S X C I ) , S Y C I ) , C O P A R C J , I ) ,  

J = 1 , 2 ) , C O P A R C J , I ) , J = 4 , 6 ) , R O E C I )  
G O  T O  2 9 0 4  

2 9 0 3  P R I N T 9 6 9 , I P L C I E ) , I L , Z U M X C I ) , Z U M Y C I ) , SX C I ) , S Y C I )  
2 9 0 4  P R I N T 9 9 8  
2 9 0 9  C O N T I N U E  
2 9 1 0  P R I N T 9 7 4  

I S N 2  = I S M 2  - I K  
I F ( Z U M X C I S M 1 ) . L T . Z U M X ( I S M 2 » G O  T O  2 9 1 1 
P R I N T 9 7 1 ,. I P L ( 1 ) , I S M 1 , ( P A R ( J ) , J = 1 , 6 ) , X M E A N . V M E A N . R O E S  
P R I N T 9 7 Z , I P L ( Z ) , I S N Z , E R RX , E R R V , E R R X V , N D , R SX , R S Y  
G O  T O  2 9 1  

2 9 1 1 P R I N T 9 7 1 . I P L ( 2 ) , I S N 2 . C PA R ( J ) , J = 1 , 6 ) , X M E A N , Y M E A N , R O E S  
P R I N T 9 7 2 , I P L ( 1 ) , I S M 1 , E RRX , E R R Y , E R R X Y , N D , R SX , R S Y  

2 9 1  C A L L  O B U F ( O )  
E N D  F I L E S 
G O  T O  1 0 0 

7 2 0  F O R M A T  ( * 1 J O B  S T E P  A B O R T E O * I *  I N P U T  A R E A * I I )  
7 2 2  F O R M A T  C 4 X , 8 A 1 0 )  
7 9 9  F O R M A T ( F 5 . 1 , 2 ( 3 X , E 1 4 . 8 »  
8 0 0  F O R M A T C 1 8 X , A 3 , S A 1 0 , A 9 )  
8 0 1  F O R M A T C 2 2 I 2 , F 6 . 2 , 1 0 X , A S , 4 X , I 1 )  
8 0 2  F O R M A T C 2 E 1 4 . 8 )  
8 0 3  F O R M A T ( 2 E 1 4 . 8 , 3 2 X , F 6 . 0 , 1 3 X , 1 1 )  
8 0 4  F O R M A T ( 6 E 1 2 . 8 , 7X , I 1 )  
8 0 S  F O R M A T C A 1 , A 4 , 1 X , A 4 )  
8 0 6  F OR M A T ( 1 X , E 1 4 . 8 , 1 X , E 1 4 . 8 , 1 X , E 1 4 . 8 , 1 X , E 1 4 . 8 , 1 X , E 1 4 . 8 ) 



8 0 7  F O R M A T C I 4 . 1 1 . 1 3 , 2 F 6 . 6 , 4 8 X , 1 1 , 9X , 2 1 1 )  
8 0 8  F O R M A T e A 1 , 1 X , 1 1 )  
8 1 0  F O R M A T C 1 1 X , 1 1 , 3 X . 4 C 1 X . E 1 4 . 8 »  
8 1 1  F O R M A T C 2 E 1 4 . 7 , 3 E 1 0 . 3 . 1 2 , 1 6 , 1 X . A 4 )  
8 1 2  F O R M A T C 7 9X , 1 1 )  
8 1 3  F O R M A T C I 6 . 7 3 X , 1 1 )  
8 1 4  F O R M A T ( 3 A 1 0 . A 4 . A 1 . 1 X . I 1 . A 1 0 . A 8 , 2 4 X . I 1 )  
8 1 b  F ORMAT ( A 7 , 3A 8 , F l . 0 , l X , 2 F 4 . 0 , F 8 . 4 , F 5 . 0 , F 4 . 0 , F 8 . 4 , 2 A 7 )  
8 1 7  F O R M A T ( 1 X , A 5 , 1 X . A 4 , 2 9X . F 6 . 2 . 1 4 , 2 8 X , 1 H 1 / 1 X , A 5 . 1 X , A 4 , 2 7X . 3 F 5 . 1 . I 3 ,  

1 2 1 X . 2 H - 2 )  
8 1 8  F O R M A T C 1 X , 9 C I 1 , 1 2 , 1 X , 1 2 . 2 X »  
8 1 9  F O R M A T e 1 6 )  
8 2 2  F O R M A T ( 2 X , 2 E 1 4 . 7 ) 
8 2 3  F O R MA T C 2 X , 2 E 1 4 . 7 , 3 2 X , F 6 . 0 )  
8 2 4  F O R M A T ( 1 X , 6 E 1 4 . 7 , 5 X , A 1 , 1 H - , 1 1 )  
8 2 5  F O R M A T C 1 X , A 1 , A 4 . A 4 , A 1 , 1 3 . 3 X , 4 C 1 X , E 1 4 . 7 » 
8 2 6  F O R M A T C 3 X . E 1 4 . 7 , 1 X . E 1 4 . 7 . 1 X . E 1 4 . 7 , 1 X , E 1 4 . 7 , 1 X , E 1 4 . 7 ) 
8 2 7  F O R M A T C 1 X . A 7 . 3 A 8 . F 1 . 0 . 1 X . 2 F 3 . 0 . F 8 . 4 . F 4 . 0 . F 3 . 0 . F 8 . 4 . 2 A 7 ) 
8 3 0  F O R M A T C 1 X . 2 E 1 4 . 7 , 3 E 1 0 . 3 . 1 2 . I 6 . 1 X . A 4 )  

8 3 0 1  F O R M A T C 1 X , 2 E 1 4 . 7 , 3 2 X . I 6 )  
8 3 0 2  F O R M A T e * T * . 2 E 1 4 . 7 , 3 E 1 0 . 3 ,  1 2 .  I 6 . 1 X . A 4 )  

8 3 6  F O R M A T e 1 9 )  
8 3 8  F O R M A T C 4 C 1 X . E 1 4 . 7 ) . 1 X . I 6 . 1 X , A 4 )  
8 3 9  F O R M A T e 2 X . 9 C  I 1 . 1 2 . 1 X ,  1 2  , 2 X »  
8 4 0  F O R M A T ( * T * . 3 C 1 X . 1 1 . 1 X . 1 6 , 2 X . I 6 . 2 X . 1 6 . 3 X . A 6 . 1 0 X »  
8 4 1  F O R M A T e I 4 . I 1 . 3 I 6 . 4 5 X . I 1 . 1 0 X . I 1 >  
8 4 7  F O R M A T C A 4 . A 4 . A 1 . 2 X . I 1 . 3 X . 4 C 1 X , E 1 4 . 7 »  
8 4 8  F O R M A T C 5 C 1 X , E 1 4 . 7 »  
8 4 9  F O R M A T C I 6 , 1 X . A 4 , 8 X , I 1 )  
8 5 0  F O R M A T e 1 X .  I 6 . 1 X . A 4 .  7 X . 1 1 )  
9 0 0  F O R M A T ( 1 H 1 . 3 0 ( / ) . 6 0 X . *  J O B  S T E P  * . A 3 . 1 1 1 1 5 2 X , 5 A 1 0 . A 9 )  

9 1  

9 0 1 F O R M A T ( *  P L A T E  D A T A  R E D U C T I O N * . 4 0 X . * D A T E  O F  C O M P U T A T I O N * A 1 0 1 1  
1 3 X . 1 1 H E V E N T  N O  . •  A 5 . 1 1 H  P L A T E  N O  . •  A 4 . 5 X . 1 5 H C O M P A R A T O R  N O . , I 3 
2 , , / )  

9 0 2  F O R M A T C I I *  · P R E L I M I N A R Y  D R I L L H O L E S * / )  
9 0 3  F O R M A T C I 1 2 7 H P R E - I D E N T I F I E D S A T E L L I T E S / ) 
9 0 4  F O R M A T C I 1 3 1 H  I N P U T  P A RA M E T E R S  F O R  P A T C H I N G / ) 
9 0 5  F O R M A T C I 1 3 1 H  I N P U T  P A R A M E T E R S F O R  M A T C H I N G / ) 
9 0 7  F O R M A T C 1 5 X . 2 0 H  * * * * * * * *  D A T A  S E T  . A 1 . 1 X . 9 H * * . * * * * * 1 1 1 1 2 3X , 1 4 H I N  

1 P U T  H E A D E R S / )  
9 0 8  F O R M A T C I I 1 1 6X . * S U B S E T * I 3 . * T A K E N  A S  S T A N D A R D  * )  
9 0 9  F O R M A T C 1 H 1 / 2 5 X . * P A T C H  S U B S E T * I 3 . * T O  S U B S E T * I 3 I )  
9 1 1 F O R M A T C 1 H 1 / 5 X . * C E N T E R  S H I F T F O R  - * , A 1 . 5 H - S E T , 1 5 X , . C E N T E R  S H I F T 

1 F O R  - * , A 1 . 5 H - S E T I 1 6 X , 8 H T R A N S  X . 7 X . 8 H T RA N S  Y . 1 7X . 8 H T R A N S  X , 7X ,  
2 8 H  T RA N S  Y / 2 X , 2 C 1 X . E 1 4 . 7 ) . 1 0 X . 2 C 1 X . E 1 4 . 7 ) 1 1 )  

9 1 2  F O R M A T ( 1 1 1 3 H D R I L L H O L E S / ) 
9 1 3  F O R M A T ( *  P A T C H I N G A N D  M A .· C H I N G S O L U T I O N S  S E T  A T  * . 6 I 2 . 1 X . 6 I 2 1 1  

1 * O T H E R  O P T I O N S  * , 5 1 X , 1 0 I 2 )  
9 1 4  F O R M A T  C 1 H 1 , *  T R A N S F O R M A T I O N O F  P R E - I D E N T I F I E D S A T E L L I T E S  T O  - * .  

1 A 1 , S H - S E T >  
9 1 5 F O R M A T C 1 1 3 3 X . * T RA N S F O R MA T I O N P A R A M E T E R S * 1 1 4 X , 8 H T R A N S  X , 7 X , 8 H T 

1 R A N S  Y . 5 X . 1 1 H R O T ( G R A D S ) . 8 X . 4 H S I N . 1 1 X , 4 H C O S . 1 0 X , 5 H Y C O N / 6 ( 1 X ,  
2 E 1 4 . 7 ) / )  

9 2 3  F O R M A T ( *  S E T  - *  A 1 , * - T A K E N  A S  S T A N DA R D  F O R  M A T C H I N G * 1 1 1 1 1 7 X , 2 4 H  
1 * * * *  • •  * *  M A T C H I N G S E T  - A 1 . 1 0 H - � O  S E T  - A 1 , 1 0 H - * . * * * * * * 1 1 )  

9 2 4  r O R M A T C *  U N M A T C H E D  - .  A 1 , * - S T A R  P O I N T S . / )  
9 2 5  F O R M A T ( 1 1 3 7 H C A M E R A  O R I E N T A T I O N A N D  S T A T I O N D A T A l ) 



9 2  

9 2 6  F O R M A T ( 1 1 5 1 H  I N I T I A L I M A G E  A N D  N U M B E R  O F  I M A G E S  F O R  E A C H  T R A I L / ) 
9 2 7  F O R M A T ( 8 7 H  S O L U T I O N M U S T  B E  R E C O M P U T E D  B E C A U S E  T H E  F O L L O W I N G P O I N  

1 T S H A V E  R E S I D U A L S  G R E A T E R  T H A N  , F c . 2 , 2 2 H  T I M E S  T H E  S O R T  O F  S U M I I  
2 2 2 H  P T  N O  D L X D L Y ) 

9 2 8  F O R M A T ( 1 H 1 1 *  T R A N S F O R M E D  U N M A T C H E D  - *  A 1 , t - S T A R  P O I N T S  * / )  
9 2 9  F O R M A T ( *  U N M A T C H E D  - t  A 1 , * - S A T E L L I T E P O I N T S  * / )  
9 3 1 F O R M A T ( 1 1 1 1 H S U M  DX / N  , F 7 . 3 , 1 4 H S U M  D V / N  , F 7 . 3 , 1 4 H M E R R  

1 X , F 7 . 3 , 1 4 H M E R R  V , F 7 . 3 , 1 5 H M E R R  X Y  , F 7 . 3 / )  
9 3 2  F O R M A T ( 1 H 1 1 *  T RA N S F O R M E D  U N M A T C H E D  - *  A 1 , * - S�T E L L I T E P O I N T S  * / )  
9 3 3  F O R M A T ( 3 H T P G , 4 1 X , 4 3 H  O R I G I N A L  M E A S U R E M E N T S  W I T H P O I N T S  N U M B E R E D ,  

1 2 0 X , 7 H E V E N T  A 5 , 9 H P L A T E  A 4 / 1 H T , 5 4 X , 1 6 H ( - B - S E T  F I R S T ) / * T * I  
2 * T t , 3 ( 3 4 H  C P T  N O  X V S A T  P T , 1 0 X »  

9 3 6  F OR M AT ( 3 H T P G , 1 3 H  O U T P U T  D A T A / * T * ) 
9 3 7  F O R M A T ( 3 H T P G , 2 1 H  O U T P U T  D A T A  ( C O N T . ) / * T * ) 
9 3 8  F O R M A T ( 1 1 4 0 H  T H E  F O L L O W I N G P O I N T S  A R E  T O  B E  R E J E C T E D  I )  
9 4 0  F O R M A T ( 4 ( 1 X , I 6 , 1 X , F 7 . 3 , 1 X , F 7 . 3 , 4 X »  
9 4 2  F O R M A T ( 1 H 1 , 5 X , 1 7 H S A T E L L I T E P O I N T S , 1 1 X . 4 3 H  D I F F E R E N C E S  A F T E R  T RA N S  

1 F O R M A T I O N ( M I C R O N S ) , 1 7 X , 7 H E V E N T  A 5 , 9 H P L A T E  A 4 1 1 4 ( 2 2 H  P T  N O  
2 D L X  D L V , 5 X »  

9 4 4  F O R M A T ( 1 8 H B  J O B  S T E P  , A 3 , 5 A 1 0 , A 9 )  
9 4 5  F O R M A T ( 7 X , 2 H L X , 1 2 X , 2 H L V , 1 0 X , 2 H W X , 8 X , 2 H W Y , 8 X , 3 H W X Y , 6 X , 5 H P T  N O )  

9 4 5 1 F O R M A T ( 1 H T , 6 X , 2 H L X , 1 2 X , 2 H L Y , 1 0 X , 2 H W X , 8 X , 2 H W Y , 8 X , 3 H W X Y , 6 X , S H P T  N O ) 
9 4 6  F O R M AT ( I I I I * T H E  F O L L O W I N G P O I N T S  W E R E  M A T C H E D  B U T  N U M B E R E D  I N C O R  

l RE C T L Y * 1 1 2 0 H  I N C O R R E C T  N U M B E R  ( , A l , 2 0 H )  C O R R E CT N U M BE R  ( , A 1 . 
Z 1 H )  ) 

9 4 7  F O R M A T ( 8 X , 1 6 , 1 6 X , 1 6 )  
9 5 1  F O R M A T ( 3 2 H  M O R E  T H A N  2 5  R E A D I N G S  P E R  P O I N T )  
9 5 2  F O R M AT ( 3 0 H  I N CO R R E C T  N U M B E R  O F  F I D U C I A L S ) 
9 S 3  F O R M A T ( 1 8 H N O  S O L U T I O N O N L Y  I S , 1 S H M A T C H E D  P O I N T S ) 
9 S 5  F O R M A T ( 1 X , 2 E 1 4 . 7 , 3 E 1 0 . 3 , 1 2 , 1 6 , 2 X , 2 9 H  C O M M O N  P O I N T R E J E C T E D  OX � 

1 E 9 . Z , 6 H O V  � E 9 . Z )  

9 6 0  F O R M A T ( I I *  T O L E RA N C E F O R  D R I L L H O L E  C H E C K  T O T A L . F 6 . 1 , *  
1 1 N D I V I D U A L  3 . S * )  

9 6 1  F O R M A T ( I I *  P R E - P A T C H I N G  T O L E RA N C E * E 1 4 . 7 1 1 1 *  P R E - M A T C H I N G T O L E R  
1 A N C E * E 1 4 . 7 , S X , * R E N U M B E R I N G T O L E R A N C E . E 1 4 . 7 ) 

9 6 2  F O R M A T ( I I *  T I M E A N D  T E M P E R A T U R E  D A T A  * I I C 1 X , 3 A 1 0 , A 4 , A 1 . 1 H - . 1 1 ,  

1 A 1 0 , A 8 »  
9 6 4  F O R M A T ( *  C O M M O N  P O I N T * I 6 , 1 6 H R E J E C T E D  O X  � E 1 4 . 7 , 6 H D V  = E 1 4 . 7 ) 
9 6 S  F O R MA T ( * T D A T A  R O T A T E D  1 8 0 D E G R E E S  T O  - A - O R I E N T A T I O N * I * T * ) 
9 6 6  F O R M A T ( *  M O R E  T H A N  1 S 0 U N M A T C H E D  - *  A 1 , t - P O I N T S  * )  
9 6 8  F O R M A T ( 1 X . A S . 2 X . A 4 . 1 X . I Z . 3 X . A 1 . 1 H - . 1 ' . 2 X . 2 ( ' X . F S . 1 ) . ' X . 2 F S . 2 . 4 X .  

1 Z ( 1 X , F S . 2 ) , 1 X , Z ( 1 X , F 6 . 2 ) , 2 X , F 6 . 2 , 1 X , F S . 2 )  
9 6 9  F O R M A T ( 1 8 X , A 1 , 1 H - , 1 1 , 2 X , Z ( 1 X , F 5 . 1 ) , 1 X , 2 F 5 . 2 , 4 X , Z ( 1 X , F S . 2 ) , 1 X ,  

1 2 ( 1 X , F 6 . 2 ) , 2 X , F 6 . 2 . 1 X , F S . 2 )  
9 7 1  F O R M A T ( 1 8 X , A 1 , 1 H - , 1 1 , 2 X , Z " 1 X , F 6 . 2 ) , 3 ( 1 X , F 5 . 2 ) , 1 X , F 6 . 2 , 1 X , 3 F S . 2 / )  
9 7 2  F O R M A T ( 1 8 X , A 1 , 1 H - , 1 1 , S 9 X , 3 F S . 2 .  I S , 2 ( 1 X , F S . 2 ) / )  
9 7 3  F O R M A T ( 1 1 1 1 1 1 1 1 1 1 2 2 X , 2 8 H  * C L O S  U R E * , 1 1 X , 1 6 H P A T  

1 C H I N G , 1 1 X . 2 H * ! 1 8 8 H  E V E N T  P L T  C M P  S E T  0 H S H I F T M N  E 
2 R R O R  S C A L E  D E L T A  R O T  M E / Z 6X , 4 7 H  X V 
3 X V X V X V I ) 

9 7 4  F O R M A T ( 1 1 1 1 1 2 2 X , 2 H  * , 1 9 X , 1 6 H M A T  C H I 
1 E L L  I T E S , 6X , 2 b * 1 I 2 7 X , 8 6 H  S C A L E  
2 M E A N  E R R O R  M E A S  M E R R  P T S  
3 V X V X V 
4 X V I ) 

9 9 6  F O R M A T ( 3 H T Q O )  
9 9 7  F O R M A T < 1 H T >  

N G , 1 9X , 2 H  * , 7 X , 2 0 H  S A T  
A L  D E L T A  R O T  

C R V F T  M E R R / Z 6 X , 8 S H  X 
X V  X V X V  



9 9 8  F O R M A T < 1 H ) 
9 9 9  F O R M A T < 1 H 1 ) 

E N D  

507-008 0 - 73 - 7 

9 3  



9 4  

S U B R O U T I N E R E D U C E  ( X Z , Y Z , X 6 , Y 6 )  
C O M M O N  I R D I  R ( 3 6 ) , I N D ( Z Z )  
S I N A = S I N ( R ( 1 9 » 
X 4  = X Z * R ( 1 6 )  + Y Z * R ( 1 7 ) * S I N A 
Y 4  = Y Z * R ( 1 7 ) 
I F ( I N D ( 1 4 » 3 4 , 3 3 , 3 4 

3 3  X 5 = Y 5 = O  
G O  T O  3 5  

3 4  F I X 4  c R ( 1 8 ) * X 4  
F I Y 4  = R ( 1 8 ) * Y 4 
S N X 4 = S I N  ( F I X 4 )  
C S X 4 = C O S  ( F I X 4 )  
S N Y 4 = S I N  ( F I Y 4 )  
C S Y 4 = C O S  ( F I Y 4 )  
S N Z X 4 = Z . * S N X 4 * C S X �  

C S Z X 4 = ( Z . * C S X 4 * * Z ) - 1 . 
S N 2 Y 4 =  2 . *  S N Y 4 * C S Y 4  

C S 2 Y 4 = ( 2 . * C S Y 4  * * 2 ) - 1 . 
S N 3 X 4 = ( 3 . * S N X 4 * C S X 4 * * Z ) - S N X 4 * * 3 
C S 3 X 4 = C S X 4 * * 3 - ( 3 . * S N X 4 * * Z * C S X 4 ) 
S N 3 Y 4 = ( 3 . * S N Y 4 * C S Y 4 * * Z ) - S N Y 4 * * 3 
C S 3 Y 4 = C S Y 4 * * 3 - ( 3 . * S N Y 4 * * Z * C S Y 4 ) 
X 5  = ( R ( Z 1 ) / Z .  + R ( Z Z ) * C S X 4  + R ( Z 3 ) * S N X 4  + R ( Z 4 ) * C S Z X 4  + R ( Z 5 ) *  

1 S N Z X 4  + R ( Z 6 ) * C S 3 X 4  + R ( Z 7 ) * S N 3 X 4 ) 
Y 5  = ( R ( Z 8 ) / Z .  + R ( Z 9 ) * C S Y 4  + R ( 3 0 ) * S N Y 4  + R ( 3 1 ) * C S Z Y 4  + R ( 3 Z ) *  

1 S N Z Y 4  + R ( 3 3 ) * C S 3 Y 4  + R ( 3 4 ) * S N 3 Y 4 )  
3 5  X 6  = X 4  + X 5  

Y 6  = Y 4  + Y 5  
R E T U R N  
E N D  



S U B R O U T I N E D R H C H K  ( J , N ,  I N U M , l X I , I Y 1 , l C D ,  I S G 2 , I S G 3 , I S G S , I P G )  
D I M E N S I O N I X I ( Z S ) , I Y I ( Z S ) , I C D ( Z 5 ) , I N U M ( 4 , Z ) , L ( Z ) , M E S ( Z )  
C O M M O N  I BA S I D U M ( 9 0 0 0 ) , I P L T , N V E N T  
C O M M O N  I D H I  T O L , S U M X ( 1 Z ) , S U M Y ( 1 Z ) , S E X ( 1 Z ) , S E Y ( 1 Z ) , D 1 ( 8 ) , D Z ( 8 ) ,  

1 T M ( 6 , 1 Z ) , I S TA ( 1 Z ) , I T N ( 1 Z ) , N F ,  I J ,  l K ,  I L ,  I N  
C O M M O N  I C D B U F I  L E N G T , N E X T , J F I R S T , I N B U F , B U F F I N ( 1 0 Z 4 ) , E N D F L O , J S A P  

1 , I T I , I T O 
C O M M O N  I S V I  SAV E ( S 1 Z ) , I S V 
D A T A  M E S / Z H , Z H * * I  

I P L TS T  = l H B 
I F ( I K . G T . O )  I P L T S T  = 1 H A 
I F C J . N E . 1 >  G O  T O  9 

D O  1 M = 1 , 8  
D H M )  I!I 1 0 0 0 . 
D Z ( M )  = 1 0 0 0 . 
C O N T I N U E  

I F C I P G . L E . O )  P R I N T Z O O  
I F ( I P G . E O . 1 )  P R I N T 2 0 1  
I F C I P G . G E . O )  G O  T O  Z 
P R I N T Z O Z  
I P G = 0 

2 D O  b I N = 1 , N F 
I F C I S TA C I N ) . N E . I P L T S T ) G O  T O  b 
I F C I T N ( J N > . E O . I L >  G O  T O  7 

6 C O N T I N U E  
P R I N T 1 5 0 , 1 L . I P L T S T  
I N  1:1 0 
G O  T O  9 

7 P R I N T 1 5 1 , ( T M C M , I N ) , M = 1 , 4 ) , I S TA C I N ) , I T N C I N ) , ( T M ( M , I N ) , M = 5 , b )  
9 I S G = O  $ J K = 1  

D O  1 0  I = Z , N  
I F C I C D C I > . E O . I C D C I - 1 » G O  T O  1 0  
I S G  = I S G  + 1 
I P  = 1 - 1  

1 0  C O N T I N U E  
I F ( I S G . E O . 1 )  G O  T O  3 0  
I F C J . G T . 4 )  G O  T O  Z O  
N N U M = I N U M ( J , 1 )  + I N U M C J , Z )  
I F C N N U M . N E . N ) G O  T O  1 Z  
I P  = I N U M C J , 1 >  
G O  T O  3 0  

1 Z  J K  = Z 
I F C N . L T . b ) G O  T O  9 9  
I P  = N / Z  
G O  T O  3 0  

Z O  D O  Z 5  I = 1 , Z  
L e i )  = 0 

9 5  

I F C I N U M ( 1 , I ) . E O . I N U M C Z , I ) . A N D . I N U M ( 1 , I ) . E O . I N U M ( 3 , I »  L ( I )  = 4 
I F ( I N U M C 1 , I ) . E O . I N U M C Z , I ) . A N D . I N U M C 1 ,  1 ) . E O . I N U M C 4 , 1 »  L C I )  B 3 
I F ( I N U M ( 1 , 1 ) . E O . I N U M ( 3 , 1 ) . A N D . I N U M C 1 ,  1 ) . E O . I N U M C 4 , I »  L C I )  B Z 
I F ( I N U M C Z , I ) . E O . I N U M ( 3 , 1 ) . A N D . I N U M ( Z , I ) . E O . I N U M C 4 , 1 »  L C I )  B 1 
I F C I N U M ( 1 , I ) . E O . I N U M C Z , I ) . A N D . I N U M ( 1 , I ) . E O . I N U M ( 3 , 1 ) . A N O . 

1 I N U M ( 1 , I ) . E O . I N U M C 4 , 1 »  L ( I )  = 5 
Z 5  C O N T I N U E  

I F C L ( 1 ) . E O . 5 . A N D . L C Z ) . N E . 0 )  G O  T O  Z 7  
I F C L ( 2 ) . E O . 5 . A N D . L ( 1 ) . N E . 0 ) G O  T O  2 7  
I F C L ( 1 ) . N E . 0 . A N D . L C 1 ) . E G . L C Z »  G O  T O  Z 7  



9 6  

G O  T O  2 9  
Z 7  K = 1 

I F ( L <  1 )  . E O . 1 . 0 R . L ( 2 )  . E O . 1 )  K = 2  
N N U M = I N U M ( K . 1 )  + I N U M ( K . Z )  
I F ( N N U M . N E . N )  G O  T O  1 2  
I P  = I N U M ( K . 1 )  
G O  T O  3 0  

Z 9  J K  = Z 
I F ( N . L T . 6 ) G O  T O  9 9  
I P  = N / Z  

3 0  I X Z = I Y Z = I X 3 = I Y 3 = 0  
D O  3 5  M = 1 . I P 

I X Z = I X Z + I X I ( M )  
I Y Z = I Y Z + I Y I ( M )  

3 5  C O N T I N U E  
X Z  = F L OA T ( I X Z ) / F L O A T ( I P )  
Y Z  = F L OA T ( I Y Z ) / F L O A T ( I P )  

1 0  = I P + 1  
D O  3 6  M = I O . N  

I X 3 CI I X 3 -t. I X I  ( M )  
I Y 3 CI I Y 3 + I Y I ( M )  

3 6  C O N T  I N U E  
I R  CI N - I P  

X 3  = F L OA T ( I X 3 ) / F L OA T ( I R )  
Y 3  = F L OA T ( I Y 3 ) / F L OA T ( I R )  
D 1 ( J )  = X '3 - X 2  
D Z ( J )  CI Y 3  - Y Z  

S U MX ( I J ) = S U MX ( I J )  + o 1 ( J )  
S U M Y ( I J )  = S U M Y ( I J )  + D Z { J )  
I F ( J . E O . 1 )  P R I N T 7 9  
P R I N T 8 0 , X Z . X 3 . Y Z , Y 3 . o 1 ( J ) , O Z ( J ) . M E S ( J K )  
I F ( J . L T . 8 )  R E T U R N  

3 7  I S G 5  = 1 
I F (  I N . N E . O )  C A L L M O N T H  < T M O .  I N )  . M N U M ) 
I F ( I S G Z . L E . 3 )  G O  T O  3 8  
I F ( I N . N E . O )  P U N C H 1 5 3 . ( T M ( M . I N ) . M = 1 . 4 ) . I S T A ( I N ) . I T N ( I N ) . ( T M ( M . I N ) . 

1 M = 5 , 6 ) . M N U M  
I F « N . E O . O )  P U N C H  1 5 5 . N V E N T . I P L T . I P L T S T . I L  
S U MX ( I J )  = 1 0 0 0 . $ S U M Y ( I J )  CI 1 0 0 0 . 
G O  T O  4 4  

3 8  I F ( I S G Z - Z ) 3 9 . 4 0 . 4 1 

3 9  OX = S U MX ( I J ) / 8 .  $ O Y  = S U M Y ( I J ) / 8 .  
G O  T O  4 Z  

4 0  O X  CI S U M X ( I J ) / 7 .  $ O Y  CI S U M Y ( I J ) / 7 .  
S U MX ( I J )  = 8 . * OX $ S U M Y ( I J )  = 8 . * o y  
G O  T O  4 Z  

4 1  O X  = S U MX ( I J ) / 6 .  $ D Y  CI S U M Y ( I J ) / 6 .  
S U M X ( I J )  CI 8 . * OX $ S U M Y ( I J )  CI 8 . * O Y 

4 Z  I F « A B S ( S U MX ( I J » - . 0 4 ) . G T . T O L . O R . ( A B S ( S U M Y ( I J » - . 0 4 ? G T . T O L ) 
1 I S G Z  CI - I S G Z  

S X  = S Y  = O .  
D O  4 3  M = 1 . 8  

I F ( 0 1 < M > ' E O . 1 0 0 0  . .  A N O . O'Z ( M ) . E O . 1 0 0 0 . )  G O  T O  4 3  
I F « A B S ( 0 1 ( M » - . 0 4 ) . G T . 3 . 5 . 0 R . ( A B S ( o Z ( M » - . 0 4 ) . G T . 3 . 5 )  

I S G Z  CI - I A B S ( I S G Z ) 
0 1  ( M )  = 0 1  ( M )  - O X  
0 2 ( M )  = O Z ( M )  - O Y  



SX = SX + 0 1 C M ) * * 2 
S Y  = S Y  + 0 2 C M ) * * 2 

4 3  C O N T I N U E  

S X  = S O R T C SX / 3 2 . )  
S Y  = S O R T C S Y / 3 2 . ) 
I F ( I A B S ( I S G 2 ) . N E . 2 )  G O  T O  4 3 2  
S X = S X * 8 . 1 7 .  $ S Y = S Y * 8 . 1 7 .  
G O  T O  4 3 4  

4 3 2  I F ( I A B S ( I S G 2 ) . N E . 3 )  G O  T O  4 3 4  
S X = SX * 8 . / 6 .  $ S Y = S Y * 8 . / 6 .  

4 3 4  P R I N T 8 1 , S U M X C I J ) , S U M Y C I J ) , OX , D Y , S X , S Y 
S E X ( I J ) = SX $ S E Y ( I J ) = S Y  

9 7  

I F C I N . N E . O )  P U N C H  1 5 2 , C T M ( M , I N ) , M = 1 , 4 ) , I S T A C I N ) , I T N C I N ) , C T M C M , I N ) ,  
1 M = 5 , 6 ) , S U M X ( I J ) , S U M Y C I J ) , M N U M  

I F C I N . E O . O )  P U N C H  1 5 4 , N V E N T , I P L T , I P L T S T , I L , S U MX ( I J ) , S U M Y ( I J )  
4 4  I F C I S G 2 . G T . 0 . A N D . I S G 2 . L T . 4 )  P R I N T 9 5 6 , I L , I P L T S T  

I F ( I S G 2 . L T . 0 )  P R I N T 9 5 7 , I L , I P L T S T  
J S G 2  � 9 - I A B S ( I S G 2 ) 
I F C I A B S ( I S G 2 ) . G T . 1 . A N D . I A B S ( I S G 2 ) . L T . 4 )  P R I N T 9 6 1 , J S G 2  
I F C I S G 2 . G T . 3 )  P R I N T 9 5 8 , I L , I P L T S T  
I S G 2 = 1 $ I S G 3 = 0  

4 5  I P G = I P G + 1  
I P G � M O D C I P G , 2 )  
R E T U R N  

9 9  P R I N T 8 9 ,· J  
1 0 0 I F C I S G 3 . E O . 1 )  G O  T O  1 0 1 

P R I N T 9 9 8  
I F ( I S V . E O . 1 )  P R I N T 7 2 2 , ( SA V E ( I ) , I = 1 , 5 1 2 )  
P R I N T 9 9 7  
P R I N T 7 2 2 , ( B U F F I N C I ) , 1 = 1 , 5 1 2 )  
P R I N T 9 9 7  
P R I N T 7 2 2 , ( B U F F I N C I ) , I = 5 1 3 , 1 0 2 4 )  
I P G = 1 
I S G 3  = 1 

1 0 1 I S G 2  = I S G 2  + 1 
I F ( J . E O . 8 )  G O  T O  3 7  
R E T U R N  

7 9  F O R M A T ( 1 1 9 X , 2 H X , 2 0 X , 2 H Y , 1 7X , 3 H D X , 7X , 3 H D Y / 3 X , 5 H O P E N , 5 X ,  
1 6 H  C L O S E , 6 X , 5 � O P E N , 5 X , 6 H C L O S E / )  

8 0  F O R M A T ( 3 ( 1 X , F 9 . 1 , 1 X , F 9 . 1 , 2 X ) , A 2 )  
8 1  F O R M A T ( 1 1 3 9X , 4 H S U M , 2 X , F 9 . 1 , 1 X , F 9 . 1 / 3 2 X , 1 1 H B I A S E R R O R , 2 X , F 9 . 1 ,  

1 1 X , F 9 . 1 / 2 2X , 2 1 H  S I G M A  W I O  B I A S E R R O R , 2 X , F 9 . 1 , 1 X , F 9 . 1 )  
8 9  F O R M A T ( / *  D R I L L H O L E  * 1 1  * C A N N O T  B E  C H E C K E D  B E C A U S E  D R I L L H O L E  D 

1 A T A  A P P E A R S  T O  B E  I N C O M P L e T E  * )  
1 5 0 F O R M A T ( * N O  T I M E A N D  T E M P E R A T U R E  D A TA A V A I L A B L E  F O R S U B S E T  * 

1 1 2 , *  S E T  * A n  
1 5 1  F O R M A T < 2 X , 3 A 1 0 , A 4 , A 1 , 1 H - , 1 1 , A 1 0 , A 8 )  
1 5 2 F O R M A T C 3 A 1 0 , A 4 , A 1 , 1 H - , 1 1 , A 1 0 , A 8 , 2 ( 2 X , F 5 . 1 ) , 5 X , A 2 )  

· 1 5 3  F O R M A T < 3 A  1 0 ,  A 4 , A 1 , 1 H - , 1 1  , A 1 0 ,  A 8 , 5 X , 1 H .  , 6X , 1 H .  , 6X , A 2 ) 
1 5 4 F O R M A T ( 2 X , A 5 . 3 X , A 4 , 2 0 X , A 1 , 1 H - , 1 1 , 4 X , 1 H - , 8 X , 1 H - , 4 X , 2 ( 2 X , F 5 . 1 »  
1 5 5 F O R M A T ( 2 X , A 5 , 3 X , A 4 , 2 0 X , A 1 , 1 H - , I 1 , 4 X , 1 H - , 8 X , 1 H - , 9 X , 1 H .  , 6X , 1 H . ) 
2 0 0  F O R M A T < 1 H 1 ) 
2 0 1  F O R M A T ( 1 H 1 1 1 1 1 1 1 1 1 1 )  
2 0 2  F O R M A T ( 5 7 H N O T E . . * *  I N D I C A T E S  D R I L L H O L E  C L O S U R E  I S  A P P R O X I M A T E  

1 D I I ) 
7 2 2  F O R M A T  ( 4 X , 8 A 1 0 )  
9 5 6  F O R M A T ( I I I *  S U B S E T * 1 3 , 5 H S E T  A 1 , *  M E E T S  T O L E RA N C E C H E C K  * )  



9 8  

9 5 7 F O R M A T ( I I I *  S U B S E T * 1 3 . 5 H S E T  A 1 . *  D O E S  N O T  M E E T  T O L E R A N C E  C H E C K * )  
9 5 8  F O R M A T ( I I I *  S U B S E T * 1 3 . 5 H S E T  A 1 . *  C O U L D  N O T  B E  C H E C K E D  * )  
9 6 1  F O R M A T ( / 1 0 X . * T H I S  D E C I S I O N I S  A P P R OX I M A T E . M A D E  O N  T H E  B A S I S  O F  * 

1 1 1 . *  D R I L L H O L E S  * )  
9 9 7  F O R M A T ( 1 H  ) 
9 9 8  F O R M A T ( 1 H 1 1 H  ) 

E N D  



S U B R O U T I N E M O N T H ( T M . M N T )  
D I M E N S I O N Z O D ( 1 2 ) . J O Z e 1 3 )  
D A TA J O Z / 2 H 0 1 . 2 H 0 2 . 2 H 0 3 . 2 H 0 4 . 2 H 0 5 , 2 H 0 6 . 2 H 0 7 , 2 H 0 8 . 2 H 0 9 . 2 H l 0 . 2 H l 1 .  

1 2 H 1 2 . 2 H 1 3 1  
D A T A  Z O D / 3 H J A N . 3 H F E B , 3 H M A R . 3 H A P R . 3 H M A Y . 3 H J U N . 3 H J U L . 3 H A U G . 3 H S E P . 

1 3 H O C T . 3 H N OV . 3 H D E C I  
D A T A  ( Y E S = 7 7 7 7 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B ) . ( X N O = 0 0 0 0 0 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B )  
T M M  = T M . A N D . Y E S . O R . X N O  
D O  1 0  M N = 1 . 1 2 

I F ( T M M . E O . Z O D e M N »  G O  T O  2 0  
1 0  C O N T I N U E  

M N  = 1 3  
2 0  M N T  = J O Z e M N )  

R E T U R N  

E N D  

9 9  



1 0 0 

S U B R O U T I N E P L T C E N  ( X F , Y F , J Z , I , X C , Y C , I Z )  
D I M E N S I O N X F ( 8 , J Z ) , Y F ( 8 , J Z ) , X C ( Z ) , Y C ( Z ) , O O ( 4 , 3 ) , R N ( Z , 3 )  
K = 0 
D O  1 6 5  J = 1 , 5 , 4 

K = K + l  
O O ( K , ' )  C Y F ( J + Z , I )  - Y F ( J , I )  
O O ( K , Z )  = X F ( J , I )  - X F ( J + Z , I )  
O O ( K , 3 )  = X F ( J , I ) * Y F ( J + Z , I )  - X F ( J + Z , I ) * Y F ( J , I )  
K = K + l 
O O ( K , 1 )  = Y F ( J + 3 , I )  - Y F ( J + l , I )  
O O ( K , Z )  = X F ( J + l , I ) - X F ( J + 3 , I )  
O O ( K , 3 )  C X F ( J + l , I ) * Y F ( J + 3 , I )  - X F ( J + 3 , I ) * Y F ( J + l , I )  

1 6 5  C O N T I N U E  
D O  1 6 6 J = 1 , Z  

D O  1 6 6 K = 1 , '3  
R N ( J , K )  = o .  
D O  1 6 6 L = 1 , 4  

R N ( J , K )  C R N ( J , K )  + O O ( L , J ) . O O ( L , K )  
1 6 6 C O N T I N U E  

D E T  C R N ( l , l ) * R N ( Z , Z )  - R N ( 1 , Z ) * R N ( Z , 1 )  
X C ( I Z )  = ( R N ( 1 , 3 ) * R N ( Z , Z )  - R N ( 1 , Z ) * R N ( Z , 3 » / D E T  
Y C C I Z )  = ( R N ( 1 , 1 ) * R N ( Z , 3 )  - R N ( 1 , 3 ) * R N ( Z . 1 » / D E T  
R E T U R N  
E N D  



1 0 1  

S U B R O U T I N E L S T S O  ( PA R , K K , I N O , X N U , M I N D , R O E , X M E A N , Y M E A N ) 
C O M M O N  I BA S I  X ( 1 0 0 0 ) , Y ( 1 0 0 0 ) , N X Y ( 1 0 0 0 ) , XX ( 1 0 0 0 ) , Y Y ( 1 0 0 0 ) , VX ( 1 0 0 0 ) , 

1 V Y ( 1 0 0 0 ) , X O ( 1 0 0 0 ) , Y O ( 1 0 0 0 ) , I P L T , N V E N T  
C O M M O N  I R D I  R ( 3 6 ) , I N D ( 2 2 )  
D I M E N S I O N P A R ( 6 ) , CX ( 7 ) , C Y ( 7 ) , E R ( 6 ) , F F ( 6 , 1 0 ) , F S T O R ( 6 , 6 )  
D A T A  ( C 8 = . 4 8 4 8 1 3 6 8 1 1 0 9 S 3 E - S )  
T 1  = I N O 

PAR ( 3 )  : PAR ( 3 ) * C 8 
P A R ( 6 )  = P AR ( 6 ) * C 8 
D O  8 3  1 = 1 , 7  

CX { I ) = C Y { I ) = O 
8 '3  C O N T I N U E  

D O  8 4  1 = 1 , 6 
E R ( I )  CI 0 

8 4  C O N T I N U E  
8 S  T D E L S  CI 1 0 0 .  

I F ( M I N D . N E . O ) P R I N T 9 4 3 , N V E N T , I P L T  
P R I N T 9 1 '3  
N I = 0 

8 6  S I N C O CI S I N { PA R ( 6 »  
C O S C O  = C O S ( P A R ( 6 »  
SVVX = S VV Y = D E L X = D E L Y = O  
D O  8 7  1 = 1 , 6 0 

F F ( J )  = O .  
8 7  C O N T I N U E  

U 3  = 1 .  + P A R  ( 1 ) 
U 4  = 1 .  + P A R  ( 2 )  
U 5  CI C O S C O  * P A R ( 3 )  
U 6  = S I N C O * P A R ( 3 )  
D O  9 6  L = 1 , K K 

I F ( N X Y ( L ) . E O . O )  G O  TO 9 6  
U 1  = XX ( L )  - PA R ( 4 )  
U 2  = Y Y ( L )  - P A R e s )  
C C  = U 1 * U 3 + U 2 * U 4 * P A R ( 3 )  
C D  CI U 2 * U 4 
X O ( L )  = C C * C O S C O  + C D * S I N C O 
Y O ( L )  = - C C * S I N C O + C D * C O S C O  
D O  9 4  J = 1 , 6  
M I N J  = M I N D + J 
I F ( I N D ( M I N J ) . E O . O )  G O  T O  9 4  

G O  T O  ( 8 8 , 8 9 , 9 0 , 9 1 , 9 2 , 9 3 ) , J  
8 8  CX ( J )  = U 1 * C O S C O  

C Y ( J )  = - U 1 * S I N C O 
G O  T O  9 4  

8 9  CX ( J )  = U 2 * ( S I N C O + U S ) 
C V ( J )  = U 2 * ( C O S C O  - U 6 ) 
G O  T O  9 4  

9 0  CX ( J )  = U 2 * U 4 * C O S C O  
C V ( J )  = - U 2 * U 4 * S I N C O 
G O  T O  9 4  

9 1  CX ( J )  = - U 3 * C O S C O  
C V ( J )  = U 3 * S I N C O 
G O  T O  9 4  

9 2  CX ( J )  = - U 4 * ( U 5  + S I N C O ) 
C V ( J )  = U 4 * ( U 6 - C O S C O ) 
G O  T O  9 4  

9 3  CX ( J )  = Y O ( L )  



1 0 2 

C Y < J )  CI - X O ( U  
9 4  C O N T  I N U E 

CX ( 7 )  CI X ( L )  - X O ( L )  
C Y ( 7 )  = y e l l  - Y O ( L )  
V X ( U  CI - CX U )  
V Y ( U  = - C Y < 7 >  
D E L X  = D E L X + VX ( L )  
D E L Y  CI D E L Y  + V Y ( L )  
SVVX CI SVVX + VX ( L ) * VX ( L )  
S V V Y  CI S V V Y  + V Y ( L ) * V Y ( L )  
D O  9 5  J = 1 , 6  

D O  9 5  K = 1 , 7  
9 5  F F ( J , K )  CI F F ( J , K )  + CX ( J ) * C X ( K )  + C Y ( J ) * C Y ( K )  
9 6  C O N T I N U E  

D O  9 7  1 = 1 , 6  
I F ( F F ( I , I L E O . O . )  F F < I , I )  CI 1 . E + 2 0  

9 7  C O N T I N U E  
C A L L  E R W I N  ( 6 , 1 , F F , I S , 6 , 1 0 )  
I F ( I S . G T . O )  G O  T O  9 9  
P R I N T 9 5 7  
R E T U R N  

9 9  D O  1 0 0 1 = 1 , 6  
D O  1 0 0 J = 1 , 6  

F S T O R ( I , J )  = F F ( I , J )  
1 0 0 C O N T I N U E  

D E l S  CI ( A B S ( D E l X )  + A B S ( D E l Y » J T 1  
P R I N T 8 3 2 , D E L S , I N O  
N I  = N I + l  
I F ( D E L S . L T . R ( 3 5 ) . O R . N I . G T . l 0 )  G O  T O  1 0 6 
T D E L S  = D E L S  
D O  1 0 5 1 = 1 , 6  

M I N I  CI M I N D + I 
I F ( I N D ( M I N I ) . E O . O )  G O  T O  1 0 5 
P A R ( I )  CI P A R ( I )  + F F ( I , 7 ) 

1 0 5 C O N T I N U E  
G O  T O  8 6  

1 0 6 S V V  = SVVX + S V V Y  
X M E A N  = S O R T  ( S V VX / ( T l - X N U »  
Y M E A N  = S O R T  ( S V V Y / ( T 1 - X N U » 
X Y M E A N  = S O R T ( S V V / ( 2 . * T l - X N U » 
R O E X  1:1 X M E A N  * . 5  

R O E Y  CI Y M E A N * . 5  
R O E  = X Y M E A N * . 5  
D O  1 0 8 1 = 1 , 6  

M I N I  = M I N D + 1 
I F ( I N D ( M I N I ) . E O . O )  G O  T O  1 0 8 
E R ( I )  1:1 R O E  * S O R T ( F F ( I ,  1 »  

1 0 8 C O N T I N U E  
P A R ( 3 )  CI P A R ( 3 ) J C 8 
P A R ( 6 )  � P A R ( 6 ) J C 8 
P R I N T 9 1 4 
P R I N T  9 1 5 , ( PA R ( I ) , I = 1 , 6 )  
P A R ( 3 )  = PA R ( 3 ) * C 8 
P AR ( 6 )  = P A R ( 6 ) * C 8 
E R ( 3 )  = E R ( 3 ) / C 8 
E R ( 6 )  = E R ( 6 ) J C 8 
P R I � T 9 1 6  



P R I N T 9 1 5 , C E R C I ) , 1 = 1 , 6 )  
P R I N T 9 1 7  
D E L X  CI D E L X I T 1  
D E L  Y CI D E L  Y I T 1  
I F ( M I N D . N E . O )  G O  T O  1 1 0 
P R I N T 8 2 6 , SVV , R O E , D E L X , D E L Y  
G O  T O  1 1 1  

1 1 0 P R I N T 8 2 6 , SVVX , R O E X , D E L X  
P R I N T 8 2 6 , S V V Y , R O E Y , D E L Y  
P R I N T 8 2 6 , SV V , R O E  

1 1 1  P R I N T 9 1 8  
P R I N T 8 2 6 , « F S T O R ( I . J ) . J = 1 . 6 ) , I = 1 . 6 )  
I F  < M I N D . N E . O )  GO T O  1 1 7  
P R I N T 9 1 9  
D O  1 1 6 I = 1 , K K 

I F  ( N X Y  ( I ) . E O . 0 )  G O  T O  1 1 6  
P R I N T 8 3 3 , VX ( I ) , V Y ( I ) , N X Y ( I )  

1 1 6 C O N T I N U E  
G O  T O  1 1 8  

1 1 7 D O  1 1 7 0 1 = 1 , K K 
VX ( I )  = V X ( J )  * 1 . E + 6  
V Y ( ! )  CI v Y e l )  * 1 . E + 6  

1 1 7 0  C O N T I N U E  
M 1 = 1 
M 2  = 5 7  

1 1 7 1 I F ( M 2 . G T . K K )  M 2  CI K K  
P R I N T 9 4 1 , N V E N T , I P L T  
D O  1 1 7 6 J = M 1 . M 2 

I F e e J + 1 7 1 ) . G T . K K ) G O  T O  1 1 7 2 
N M  = J + 1 7 1  
G O  T O  1 1 7 4 

1 1 7 2 I F e e J + 1 1 4 ) . G T . K K )  G O  T O  1 1 7 3 
N M  = J + 1 1 4 
G O  T O  1 1 7 4 

1 1 7 3 I F ( e J + 5 7 ) . G T . K K )  G O  T O  1 1 7 5 
N M  = J + 5 7  

1 1 7 4 P R I N T 9 4 0 , ( N X Y e K ) , V X e K ) , V Y e K ) , K = J , N M , 5 7 )  
G O  T O  1 1 7 6 

1 1 7 5 P R I N T 9 4 0 , N X Y ( J ) , VX ( J ) , V Y e J )  
1 1 7 6 C O N T I N U E  

M 1  = M 1  + 2 2 8  
M 2  CI M 2  + 2 2 8  
I F ( M 1 . L E . K K )  G O  T O  1 1 7 1  
D O  1 1 7 7  I = 1 , K K 

VX e I )  CI VX ( I )  * 1 . E - 6  
V Y ( I )  = V Y e I )  * 1 . E - 6  

1 1 7 7 C O N T I N U E 
1 1 8  R E T U R N  
8 .i:  6 F O R  M A  T C 2 X ,  E 1 4 . 7 , 1 X , E 1 4 . 7 , 1 X , E 1 4 . 7 , 1 X , E 1 4 . 7 , 1 X , E 1 4 . 7 , 1 X , E 1 4 . 7 )  
8 3 2  F O R M A T ( 4 X , E 1 4 . 7 , 6X , I 4 )  
8 3 3  F O R M A T ( 1 X , 2 ( 1 X , E 1 4 . 7 ) , 3 4X , I 6 )  
9 1 3  F O R M A T ( / 3 3 H  L E V E L O F  R E S I D U A L S  N O . O F  P T S . ) 
9 1 4  F O R M A T ( / 1 5 H O U T P U T  V A L U E S )  
9 1 5 F O R M A T ( 5 X , 9 H S C A L E  L X , 6X , 9 H S CA L E  L Y , 5 X , 1 1 H A L P H A e S E C ) / 1 X , 3 e 1 X ,  

1 E 1 4 . 7 ) 1 1 5 X , 9 H T R A N S  L X , 6 X , 9 H T R A N S  L Y , 3 X , 1 6 H R O T A T I O N K ( S E C ) I 
2 1 X . 3 ( 1 X , E 1 4 . 7 » 

9 1 6  F O R M A T ( / 2 4 H  M E A N  E R R O R  O F  U N K N O W N S ) 

1 0 3 



1 0 4 

9 1 7 F O R M A T C I 1 1 5 H S Q  O F  D I F F S , 4 X , 1 1 H M E A N  E R R O R , 4 X , 8 H S U M  D I N )  
9 1 8  F O R M A T  C I 1 2 9 H  I N V E R S E  O F  N O R M A L E Q U A T I O N S ) 
9 1 9  F O R M A T C / 5 X , 8 H D I F F L X , 7 X , 8 H D I F F L Y , 3 5 X , 1 1 H C O M M  P T  N O )  
9 4 0  F O R M A T C 4 C 1 X , I b , 1 X , F 7 . 3 , 1 X , F 7 . 3 , 4 X »  
9 4 1  F O R M A T C 1 H 1 , 9X , 1 2 H S T A R  P O I N T S , 1 5 X , 3 7 H  D I F F E R E N C E S  A F T E R  M A T C H I N G C 

1 M I C RO N S ) , 2 0 X , 7 H E V E N T  A 5 , 9 H P L A T E  �4 1 1 4 ( 2 2 H  P T  N O  D LX D L  
2 Y , 5 X »  

9 4 3  F O R M A T ( 1 H 1 / 5 8 X , 7 H  E V E N T  A 5 , 9 H P L A T E  A 4 )  
9 5 7  F O R M A T ( 3 b H  N O  S O L U T I O N O B T A I N A B L E  F R O M  I N V E R S E ) 

E N D  



S U B R O U T I N E T R A N S F  ( P A R . X . Y )  
D I M E N S I O N P A R ( 6 )  
S I N C O a S I N ( PA R ( 6 »  

C O S C O  = C O S ( PAR ( 6 »  

U l  = X - P A R ( 4 )  
U Z = Y - P A R e S )  

U 3  = 1 .  + P A R  ( 1 ) 
U 4  = 1 .  + P A R ( Z >  

C C  a U l * U 3  + U 2 * U 4 * P A R ( 3 )  
C D  = U 2 * U 4  
X = C C * C O S C O  + C D * S I N C O 
Y = - C C * S I N C O + cn * c o s c o  
R E T U R N  
E N D  

1 0 5 



1 0 6 

S U B R O U T I N E S T R N U M ( N P T . N O P T . I T Y P . I D . X T . Y T )  
C O M M O N  I S T I  B ( 1 3 ) . A ( 9 ) . L L . R T ( 2 S ) . X 1 2 ( 2 S ) . Y 1 2 ( 2 S ) . L R T . N P T 2 . L P T 2 . 

1 N I ( 9 ) . I I ( 9 ) . I E . M C T ( 2 ) . C O S L A T . S I N L A T  
C O M M O N  I S B U F  F I L E N ( 2 )  • I F I R S T <  2 ) • N E T X  ( 2 )  • I X B U  F ( 2 )  • B U F  T <  1 0 2 4 . 2 )  • 

1 M O D E ( 2 )  
D I M E N S I O N N ( 2 S ) . I P L ( 2 )  
D A T A  ( C S = . 7 2 7 2 2 0 S Z 1 6 6 4 3 E - 4 ) . ( C 8 = . 4 8 4 8 1 3 6 8 1 1 0 9 S 3 E - S ) .  

1 ( C 9 = 6 . 2 8 3 1 8 S 3 0 7 1 7 9 6 ) . ( C 1 0 = 3 . 1 4 1 S 9 2 6 S 3 S 8 9 8 ) . ( I T P 2 = 2 ) 
D A T A  ( I P L = 1 H B . 1 HA ) . ( I B L = 1 H  ) 
I F ( I T Y P . N E . 2 )  G O  T O  S O  
I F ( N O P T . N E . O )  G O  T O  4 7  

4 6  N O P T  = N P T  
I D  CI I T Y P  

4 7  I F ( N O P T . N E . N P T ) G O  T O  S O  
X = X T  - B ( 4 )  
Y CI Y T  - B ( S )  
I F ( I E . E O . 1 )  X CI - X T  - B ( 4 )  
I F ( I E . E O . 1 )  Y = - Y T  - B ( S )  
o = X * A ( 3 ) + Y * A ( 6 ) + B ( 6 ) * A ( 9 )  

P S I = ( X * A ( 1 ) + Y * A ( 4 ) + 8 ( 6 ) * A ( 7 » / Q  
A D A  CI ( X * A ( 2 ) + Y * A ( S ) + B ( 6 ) * A ( 8 » / O  
C A L L  A N G L E ( A DA . P S I . A N O R T H )  
A S O U T H  CI A N O R T H  + C 1 0  
I F ( A S O U T H . G E . C 9 ) A S O U T H  CI A S O U T H  - C 9  
T Z R  CI S O R T ( P S I * P S I + A D A * A D A ) 
Z R  = A T A N  C T Z R ) 
Z 2  CI S I N  ( A S O U T H ) 
Z 3  = C O S  ( A S O U T H ) 
2 4  = S I N  ( 2 R )  
2 S  CI C O S  ( Z R )  
2 6  = S I N L A T  * 2 S  - C O S L A T * Z 3 * Z 4 
Z 7  = S O R T  ( 1 . - 2 6 * 2 6 )  
CA L L  A N G L E  ( Z 6 . 2 7 . D E C )  
XX CI C O S L A T * Z S  + S I N L A T  * Z 3  * 2 4  
Y Y  = 2 2  * 2 4  
C A L L  A N G L E  ( Y Y . XX . T A N G L E ) 
S D E C = S I N  ( D E C )  
C D E C = C O S  ( D E C )  
S I N T = S I N  ( TA N G L E ) 
C O S T = C O S  ( T A N G L E ) 
D E C CI D E C - . 3 2 0 * C 8 * C O S L A T * S I N T * S D E C 

T A N G L E  = TA N G L E + ( . 0 2 1 3 * C S * C O S L A T * C O S T ) / C D E C 
L L  = L L + 1  
R T ( L L >  = - T A N G L E  

X 1 2 ( L L >  = X T  
Y 1 2 ( L L >  CI Y T  
I F ( A B S ( R T ( 1 ) - R T ( L L » . G E . S . )  L R T = 1 
N P T 2  CI N P T  
L P T 2  CI M O D ( N P T 2 . 1 0 )  
R E T U R N  

S O  N N  = N I ( L P T 2 ) 
I F ( L L . E O . N N )  G O  T O  4 9  
P R I N T 9 S 9 . N P T 2 . I P L C I E ) . L L . N N 
D O  4 8  1 = 1 . L L 

CA L L  S B U F ( S . 2 )  
N C T = I X B U F ( 2 )  
B U F T ( N C T . 2 ) = X 1 Z ( L L U F T ( N C T + 1 . 2 ) = Y 1 2 ( L L � F T ( N C T + 2 . 2 ) = I T P 2  



B U F T ( N C T + 3 . Z ) = 0 $ B U F T ( N C T + 4 . Z ) = I B L 
M C T < I E )  = M C T <  I E )  + 1 

4 8  C O N T I N U E  
G O  T O  5 6  

4 9  I F ( N N . E O . 1 )  G O  T O  5 3 5  
D O  4 9 0  L R = 1 . L L 

N ( L R )  = L R  
4 9 0  C O N T I N U E  

I F ( L R T . E O . O )  G O  T O  4 9 2  
D O  4 9 1 L R = 1 . L L 

I F ( R T ( L R ) . L T . - 2 . )  G O  TO 4 9 1 

R T ( L R )  = R T ( L R )  - C 9  
4 9 1  C O N T I N U E 

L R T  = 0 
4 9 2  N M  = N N  - 1 

D O  5 3  1 = 1 . N M 
M M  CI N N - I 
D O  5 3  K = 1 . M M 

I F ( R T ( K ) - R T ( K + 1 » 5 2 . 5 3 . 5 3 
5 2  T E M P  = R T ( K )  

R T < K )  CI R T < K + 1 ) 
R T < K +  1 )  CI T E M P  
T E M P  = X 1 Z ( K )  
X 1 Z ( K )  = X 1 Z ( K + 1 )  
X 1 2 ( K + 1 ) CI T E M P  

T E M P  CI Y 1 2 ( K )  
Y 1 Z ( K )  = Y 1 Z ( K + 1 ) 
Y 1 2 ( K + 1 ) = T E M P  
T E M P  CI N ( O  
N ( K )  = N ( K + 1 ) 
N ( K + 1 ) CI T E M P  

5 3  C O N T I N U E  
5 3 5  J I I = I I ( L P T Z ) 

I F ( N N . E O . 1 )  N M  = 0 
J N I = J I I + N M  

5 4  L L  = 0 
D O  5 5  I = J I I . J N I  

M P T  = N P T 2 * 1 0 0 + I 
L L  CI L L + 1  
R T < L L )  = M P T  

5 5  C O N T I N U E  
I F ( N N . E O . 1 )  G O  T O  5 5 6 
D O  5 5 5  I = 1 . N M  

M M  CI N N - I 
D O  5 5 5  K = 1 . M M 

I F ( N ( K ) - N ( K + 1 » 5 5 5 . 5 5 5 . 5 5 3 
5 5 3  T E M P = N ( K )  

N ( K )  = N ( K + 1 ) 
N ( K + 1 )  = T E M P  
T E M P = X 1 Z ( K )  
X 1 Z ( K )  CI X 1 Z ( K + 1 ) 
X 1 2 ( K + 1 )  CI T E M P  
T E M P  = Y 1 Z ( K )  
Y 1 Z ( K )  CI Y 1 Z ( K + 1 ) 
Y 1 Z ( K + 1 ) = T E M P  
T E M P  CI R T < K )  
P T ( K )  = R T ( K + 1 ) 

1 0 7 



1 0 8 

R T < K + 1 > CI T E M P  
5 5 5  C O N T I N U E  
5 5 6 D O  5 5 7  L L = 1 , N N 

C A L L  S B U F ( 5 , Z )  
N C T  = I X B U F ( Z >  
B U F T ( N C T , Z > = X 1 Z ( L L U F T ( N C T + 1 , Z > = Y 1 Z ( L L � F T ( N C T + Z , Z > = I T P Z  
B U F T ( N C T + 3 , Z > = R T ( L L >  $ B U F T ( N C T + 4 , Z > = I B L 
M C T ( I E >  = M C T ( I E >  + 1 

5 5 7  C O N T I N U E  
5 6  L L  = 0 

I F ( I T Y P . E O . Z >  G O  T O  4 6  
N O P T  = 0 
1 0  = l T Y P  

R E T U R N  
9 5 9  F O R M A T ( / 3 8 H  I N C O R R E C T  N U M B E R  O F  P O I N T S  F O R  S T A R  I 4 , 7 H S E T  - A 1 , 

1 1 H - , 8 X , I Z , 2 H I , I Z >  
E N D  



1 0 9 

S U B R O U T I N E S A T N U M  ( X . V . N O P T . I N O P T . I E )  
C O M M O N  I A R I  X P S ( 1 2 ) . V P S ( 1 2 ) . P T N ( 1 2 ) . D ( 1 2 ) . N . X P S S ( 1 2 . 2 ) . V P S S ( 1 2 . 2 )  
D I M E N S I O N A ( 1 2 ) . G ( 1 2 ) . H ( 1 2 ) . XX ( 1 2 ) . V V ( 1 2 )  
D O  2 0  l = l . N  

XX ( I )  = X P S S ( I . I E )  
V V ( I )  = V P S S ( I .  I E ) 

2 0  C O N T I N U E  
1 D E E  = S O R T « X - X X ( 1 » * * 2 + 

I F ( D E E ) 3 . 2 . 3  
2 N O P T  = P T N ( l ) 

I N O P T  = N O P T * 1 0 0 
R E T U R N  

3 S U M  = O .  
O S  = 1 .  
D O  5 0  l = l . N  

A ( I )  = D E E  - 0 ( 1 )  
I F ( A ( I » 5 . 4 . 5  

4 N O P T  = P T N ( I )  
I N O P T  = N O P T * 1 0 0 

R E T U R N  
5 O S  = O S * A ( I )  

5 0  C O N T I N U E  
D O  6 1 = 1 .  N 

G < I )  = 1 .  
6 C O N T I N U E  

1 = 0  
7 I = 1 + 1  

I F ( I - N ) 8 . 8 . 1 3 
8 J = 0 
9 J = J + l  

I F ( J - N ) 1 0 . 1 0 . 1 2  
1 0  I F ( J - I ) 1 1 . 9 . 1 1  
1 1  G ( I )  = G ( I ) * ( O ( I ) - O ( J »  

G O  T O  9 
1 2  H ( I )  = P T N < I ) / ( A < I ) * G ( I »  

S U M  CI S U M  + H ( I )  
G O  T O  7 

1 3  N O P T  = O S * S U M  + 0 . 5  
I N O P T  = O S * S U M * 1 0 0 .  
Q E T U R N  
E N D  

'0'·908 0 • 13 · 8  

" 

( V - V V ( 1 » * * 2 )  



1 1 0 

C 

S U B R O U T I N E C U RV F T  C l C , I H I S T , I V P , I O R D E R , R O E S , E R R X Y , R S VXR , R S V Y R )  
C O M M O N  I B A S I  X ( 1 0 0 0 ) , Y C 1 0 0 0 ) , I P N C 1 0 0 0 ) , RX C 1 0 0 0 ) , R Y C 1 0 0 0 ) , RX R C 1 0 0 0 )  

1 , R Y R ( 1 0 0 0 ) , X O C 1 0 0 0 ) , Y O C 1 0 0 0 ) , I P l A T E , I E V E N T  
C O M M O N  I C D B U F I  l E N G T , N E X T , J F I R S T , I N B U F , B U F F I N C 1 0 Z 4 ) , E N D F , J S A P  

1 , I T I ,  I T O  
D I M E N S I O N V ( 1 0 ) , C C 8 , 8 ) , I O R D E R C 3 ) , D C 6 4 ) , A C 8 , 1 0 ) , B C 8 , 1 Z )  
D I M E N S I O N P N X Y C 8 , 1 Z ) , T I T l E C 9 )  
E a U I VA l E N C E C B , P N X Y ) 
D A T A  C T I T l E = 1 H  , 1 H , 1 0 H H I S T O , 1 0 H G R A M  O F  R E , 1 0 H S I D U A l S  A F , 

1 1 0 H T E R  P R E l I M , 1 0 H I N A R Y  C U RV , 1 0 H E  F I T  C S A T , 1 0 H E l l I T E )  
I T  CI 1 
I D U M  = 0 

C C E N T E R  P O I N T D E T E R M I N A T I O N 
C 

I C E N  = C I P N C l C )  + I P N ( 1 » / Z  
C 
C R O T A T I O N 
C 

T A U  = A T A N « Y ( 1 )  - Y ( l C » / C X ( 1 )  - X ( L C » ) 
C 
C A S O L U T I O N I N  A N  U N R O T A T E D  S Y S T E M  M A Y  B E  C O M P U T E D  B Y  S E T T I N G 
C T A U  = O .  A T  T H I S  P O I N T O F  T H E  P R O G RA M  
C 

C 

A G L  = T AU * 5 7 . Z 9 5 7 7 9 5 1 3 0 8 Z  
I A G l  = A G l  
A A G l = I A G l  
A M I N  CI C A G L  - A A G l ) * 6 0 . 
I A M I N  = A M I N  
A A M I N  = I AM I N  
A S E C = C A M I N  - A A M I N ) * 6 0 . 
I F ( A S E C . L T .  0 . ) A S E e = A S E e . 0 0 0 5  
I F C A S E C . G T .  0 . )  A S E C = A S E C + . 0 0 0 5  
S I N TA U  = S I N C T A U ) 
C O S T A U  = C O S C T A U ) 

D O  3 4  1 = 1 . L C  
RX C I )  CI X ( I ) * C O S T A U  + Y C I ) * S I N TAU 
R Y C I )  = Y C I ) * C O S TA U  - X C I ) * S I N TAU 

3 4  C O N T I N U E  

C F O R M A T I O N O F  N O R M A L S  
C 

N U M  = M A X O ( I O R D E R ( l ) ,  1 0 R D E R ( Z ) ,  I O R D E R ( 3 »  
N = N U M  + 1 

3 5  N U l  = N + 1 
N U Z  = N + Z 
D O  3 6  1 = 1 , N 
D O  3 6  J = I ,  N U Z  

A C i , J )  = O .  
3 6  C O N T I N U E  

V ( 1 )  = 1 .  
D O  3 9  1 = 1 , l C  

P = I P N C I )  - l C E N  
D O  3 8  J = 1 , N U M  

3 8  V C J + 1 ) = P * * J  
V ( N iJ 1 > = RX ( I )  
V C N U Z ) CI R Y C I )  



C 

D O  3 9  J = 1 . N 
D O  3 9  K = J .  N U Z  

A C J . K )  = A C J . K )  + V C J ) * V ( K )  
3 9  C O N T I N U E  

D O  4 0  J = 1 . N 
D O  4 0  K = J , N 

A C K , J )  = A ( J , K )  
4 0  C O N T  I N U E  

C C O M P U T A T I O N O F  I N D I V I D U A L  S O L U T I O N S  
C 

C 

I R E S C K = 0 
D O  7 2  1 = 1 , 3 

I F ( I O R D E R C I »  4 1 , 7 2 , 4 1  
4 1  I N  = 1 0 R D E R (  I )  

N U  = I N  + 1 
D O  3 7  J = 1 . 8 

B ( J , N U + 1 ) = B ( J , N U + 2 ) = O 
3 7  C O N T I N U E  

C F O R M A T I O N O F  P A R T I C U L A R  N O R M A L  S Y S T E M  A N D  S O L U T I O N 
C 

C 

4 Z  D O  4 3  J = 1 , N U  
D O  4 3  K = J ,  N U  

B ( J , K )  CI A ( J , K )  
4 3  C O N T I N U E  

D O  4 4  J = 1 , N U  
B ( J , N U + 1 )  CI A ( J , N U 1 ) 
B e J . N U + 2 ) = A ( J . N U Z ) 

4 4  C O N T I N U E  
C A L L  E R W I N  ( N U , 2 , B , I S , 8 , 1 2 )  
I F ( I S  . G T .  0 )  G O  T O  4 5  
P R I N T 3 ,  I P L A T E , I E V E N T , N U M . I C E N  
P R I N T S 

R E T U R N  

C S T A T I S T I C S C O M P U T A T I O N S  
C 

4 S  F R E E  = L C - N U  
S VX = S V Y = SV X R = S V Y R = O  
D O  4 9  J = 1 , L C  

P CI I P N e J )  - I C E N  
D O  4 7  K = 1 , I N  

V ( K + 1 ) CI P * * K  
4 7  C O N T I N U E  

X O U T R  = B ( 1 , N U + 1 ) 
Y O U T R  = B ( 1 , N U + Z ) 
D O  4 8  K = 2 , N U  

X O U T R  = X O U T �  + V ( K ) * B ( K , N U + 1 ) 
Y O U T R  CI Y O U T R  + V ( K ) * B ( K , N U + 2 ) 

4 8  C O N T I N U E  
RX R e J )  
R Y R ( J )  
S V X R  
S V Y R  

4 9  C O N T I N U E  

= X O U T R  - RX ( J )  
CI Y O U T R  - R Y ( J )  
CI SVXR + RX R ( J ) * RX R ( J )  
= S V Y R  + R Y R e J ) * R Y R ( J )  

R S V X R  CI S Q R T ( SVXR / F R E E ) 

1 1 1  



1 1 2 

R S V Y R  = S O R T ( S V Y R / F R E E ) 
R S V X Y R  a S O R T C C SV X R + S V Y R ) / C 2 . * F R E E » 

C 
C P R I N T E D  O U T P U T  
C 

P R I N T 6 
P R I N T 3 ,  I P L A T E , I E V E N T ,  1 0 R D E R e I ) ,  I C E N  
P R I N T 7 ,  I A G L , I A M I N ,  A S E C ,  S I N TA U , C O S TA U  
P R I N T 8 
K = - 1  
D O  5 0  J = 1 , N U  

K a K + 1  
P R I N T 9 ,  K ,  B ( J , N U + 1 ) ,  B e J , N U + 2 ) 

5 0  C O N T I N U E  
PR I N T 1 0  

J = 0 
6 2 1 J CI J + 4  

K a J - 3  
P R I N T 2 0 0 1  
I F e J . L E . N U )  G O  T O  6 2 2  
J = J - 1  
I F C J . L E . N U )  G O  T O  6 2 4  
J = J - 1  
I F ( J . E O . N U )  G O  T O  6 2 6  
J = J - 1  
I F ( J . G T . N U )  G O  T O  6 2 8  
P R I N T 1 7 ,  ( L , N U , P � X Y ( L , N U ) , L = 1 , N U )  
G O  T O  6 2 8  

6 2 2  D O  6 2 3  L = 1 , K  
6 2 '3  P R I N T 2 2 , C L , M , P N X V C L , M ) , M = I<. , J )  

L = K + 1 
P R I N T 2 3 , ( L , M , P N X Y ( L . M ) . M = L . J )  
L = K + Z  
P R I N T 2 4 . ( L . M . P N X Y ( L , M ) . M = L . J )  
P R I N T 2 5 , J , J , P N X Y ( J , J )  
G O  T O  6 2 1 

6 2 4  D O  6 2 5  L = 1 , K  
6 2 5  P R I N T 1 8 ,  ( L . M , P N X Y ( L . M ) , M = K , J )  

L = K + 1 
P R I N T 1 9 ,  e L , M . P N X Y ( L , M ) , M = L , J )  
P R I N T 2 0 , J , J , P N X Y C J , J ) 
G O  T O  6 2 1 

6 2 6  D O  6 2 7  L = 1 , K  
6 2 7  P R I N T 2 1 , C L , M , P N X V C L . M ) , M = K , J )  

P R I N T 2 6 ,  J , J , P N X Y C J , J )  
6 2 8  P R I N T 1 2 ,  R S VX R . R S V Y R ,  L C ,  SVXR , S V Y R  

S V 1 = R O E S * * 2 $ S V 2 = E R R X Y * * 2 $ S V 3 = R S VX Y R * * 2  
S V 4  = S V 1 - S V 2  + S V 3  
P R I N T 2 7 , S V 1 , S V 2 , S V 3 , S V 4  
P W T  = 6 . 2 5 E - 1 2 / S V 4  
P R I N T 2 8 , P W T  
D O  5 1  J = 1 , L C 

RX R e J )  = RX R e J )  * 1 . E + 6  
R Y R ( J )  = R Y R e J )  * 1 . E + 6  

5 1  C O N T I N U E  
M 1 = 1 
M 2  = 5 7  



5 1 1  I F ( M 2 . G T . L C )  M 2  = L C  
P R I N T 1 3 , I E V E N T , I P L A T E  

D O  5 2  J = M 1 , M 2 
I F C C J + 1 7 1 ) . G T . L C )  G O  T O  5 1 2  
N M  = J + 1 7 1  

G O  T O  5 1 4  
5 1 2  I F ( C J + 1 1 4 ) . G T . L C )  G O  T O  5 1 3  

N M  = J + 1 1 4  
G O  T O  5 1 4  

5 1 3  I F C C J + S 7 ) . G T . L C )  G O  T O  5 1 5  

N M  = J + 5 7  
5 1 4  P R I N T 9 4 0 , ( I P N ( K ) , RX R ( K ) , R Y R ( K ) , K = J , N M , 5 7 )  

G O  T O  5 2  
5 1 5  P R I N T 9 4 0 , I P N ( J ) , RX R ( J ) , R Y R ( J )  

5 2  C O N T I N U E  
M l  = M l  + 2 2 8  
M 2  CI M 2  + 2 2 8  
I F ( M 1 . L E . L C )  G O  T O  5 1 1 

C R E S I D U A L  C H E C K  
C 

I F < I R E S C K . E O .  1 >  G O  T O  6 3  
D O  5 6  J = 1 , L C  
I F C A B S C RX R ( J » . L T . 2 0 . .  A N O . A B S ( R YR C J » . L T . 2 0 . ) G O  T O  5 6  

I F C I R E S C K . E O .  1 )  G O  T O  5 3  
P R I N T 1 5  

I R E S C K CI 1 
5 3  P R I N T 1 6 ,  I P N ( J )  

P = I P N ( J )  - I C E N  
D O  5 4  K = 1 , N U M  

V ( K + 1 ) CI P * * K  
5 4  C O N T I N UE 

V ( N U 1 )  = RX ( J ) 
V ( N U 2 ) = R Y C J )  
D O  5 5  K = 1 , N 
D O  5 5  M = K , N U 2  

A ( K , M )  = A C K , M )  - V C K ) * V C M )  
5 5  C O N T I N U E  

I P N C J )  CI 0 

5 6  C O N T I N U E  
I F C I R E S C K . L T .  1 >  G O  T O  6 2  

D O  5 7  J = 1 ,  N 
D O  5 7  K = J , N 

A ( K , J )  CI A ( J , K )  

5 7  C O N T I N U E  
5 8  J = 1 
5 9  I F ( I P N C J )  . G T .  0 )  G O  T O  6 1  

L C  = L C - 1  
D O  6 0  K = J , L C 

X C K )  CI X ( K + 1 ) 

Y ( K )  = Y C K + 1 > 
RX ( K )  = RX C K + 1 ) 
R Y C K )  = R Y C K + l )  
I P N ( K )  = I P N C K + 1 ) 

6 0  C O N T I N U E  
I F  C J  . G T .  L C )  G O  T O  4 2  

G O  T O  5 9  

6 1  I F C J  . G E .  L C )  G O  T O  4 2  

1 1 3 



1 1 4  

J = J + 1 
G O  T O  5 9  

6 2  I R E S C K = 1 
6 3  D O  6 3 5  K = 1 . L C 

RX R ( K )  = RX R ( K ) * 1 . E - 6  
R V R ( K )  = R V R ( K ) * 1 . E - 6  

6 3 5  C O N T I N U E  
I F ( l V P . E O . O )  G O  T O  6 6  
D O  6 5  K = 1 . L C 

C A L L  D B U F  ( 1 )  
E N C O D E  ( 8 0 . 2 .  B U  F F I N  ( I N  B U  F »  X ( K  ) • V ( K  ) • RXR ( K  ) • R V R  ( K  ) • I P N ( K  ) • I P L A T E  

6 5  C O N T I N U E  
I N F  = I N B U F  + 6 
E N C O D E  ( 2 0 . 2 9 . B U F F I N ( I N F »  I P N ( L C ) . I P L A T E . I T  

6 6  C A L L  H I S T O  ( R SVXR . R S V V R . L C . L C . I H I S T . T I T L E ) 
C A L L  F R O N C V  ( R SVXR . R S V V R . L C )  
P R I N T 9 9 6  

7 2  C O N T I N U E  
R E T U R N  

2 F O R M A T  ( 4 ( 1 X . E 1 4 . 7 ) . 1 X . I 6 . 1 X . A 4 )  
3 F O R M AT ( 3 9 H  A D J U S T M E N T  O F  C U R V E  T O  S A T E L L I T E P A T H / 1 4 H P L A T E  N U M B E  

1 R . 1 X . A 5 . 8 H E V E N T  A 5 / 1 3 .  3 0 H - T H  O R D E R  P O L V N O M I A L  C E N T E R  = 1 4 1 / )  
5 F O R M A T  ( 4 8 H  T H E  N O R M A L  M A T R I X  F O R T H I S  P R O B L E M  I S  S I N G U L A R . )  
6 F O R M A T  ( 1 H 1  ) 
7 F O R M A T ( 2 0 H  R O T A T I O N C O N S T A N T S I 1 7 H T A U  � 1 4 .  8 H  D E G R E E S  1 4 .  

1 8 H M I N U T E S  F 8 . 3 .  8 H  S E C O N D S  1 1 3 H S I N C TA U ) = � 1 0 . 8 .  
Z 1 Z H C O S ( T A U ) = F 1 0 . 8 1 1 )  

8 F O R M A T ( Z 7 H S O L U T I O N O F  N O R M A L  S Y S T E M I 1 5 7 H D E G R E E  O F  T E R M  C O E F F  
l i C I E N T S  F O R  X C O F. F F I C I E N T S F O R V I )  

9 F O R M A T  ( 8 ( 1 1 5 .  5 X . E 1 4 . 7 .  6X . E 1 4 . 7 » 
1 0  F O R M A T  ( I I I  2 4 X .  2 6 H  I N V E R S E  O F  N O R M A L  M A T R I X ) 
1 2  F O R M A T ( 1 1 1 3 3 X . 1 5 H M E A N  E R R O R  RX 9 X . 1 5 H M E A N  E R R O R  R Y  1 3 3 X . E 1 4 . 7 .  

1 1 0 X .  E 1 4 . 7 1 1  4 0 X . 2 6 H  S U M  O F  R E S I D UA L S  S O U A R E D I 
2 1 8 H N U M B E R  O F  P O I N T S  1 8 X .  8 H  F O R  RX 1 7 X .  8 H  F O R  R Y  I 7 X . 1 4 .  2 2 X . 
3 E 1 4 . 7 .  1 0 X .  E 1 4 . 7 )  

1 3  F O R M AT ( 1 H 1 . 5 X . 1 7 H S A T E L L I T E P O I N T S . 1 4X . 3 6 H  R E S I D U A L S  A F T E R  C U R V E  F 
1 I T ( M I C R O N S ) . 2 1 X . 7 H E V E N T  A 5 . 9 H P L A T E  A 5 / j 4 ( 2 1 H  P T  N O  VX 
2 V Y . 6X »  

1 5  F O R M A T ( 1 1 6 7 H  P R O B L E M  M U S T  B E  R E C O M P U T E D  S I N C E T H E  F O L L O W I N G P O I N T 
1 S  D O  N O T  H A V E / 3 3 H  R E S I D U A L S  L E S S  T H A N  2 0  M I C R O N S . )  

1 6  F O R M A T  ( 3 3 X . 1 4 )  
1 7  F O R M A T ( 1 5 X .  2 H  ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 ) 
1 8  F O R M A T ( 1 3 X . 3 ( 2 X . 2 H ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 »  
1 9  F O R M AT ( 3 6X . Z ( Z X . Z H ( . 1 1 . 1 H . 1 1 . 2 H )  . E 1 4 . 7 »  
2 0  F O R M A T ( 6 1 X .  2 H  ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 )  
2 1  F O R M A T < 1 3X . Z ( Z X . Z H ( . I 1 . 1 I • •  I 1 . Z H )  . E 1 4 . 7 »  
2 2  F O R M A T ( 1 3 X . 4 ( 2 X . 2 H ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 » 
2 3  F O R M A T ( 3 6 X . 3 ( Z X . 2 H ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 »  
2 4  F O R M A T ( 5 9X . 2 ( 2 X . 2 H ( . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 »  
2 5  F O R M A T ( 8 4X . Z H  C . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 ) 
2 6  F O R HA T C 3 8X . 2 H  C . I 1 . 1 H . I 1 . 2 H )  . E 1 4 . 7 )  
2 7  F O R M A T C I I I I *  S I G M A  S O U A R E D * . 6 X . 1 0 H S T A R  M E A S . 8 X . 9 H S A T  M E A S . 

1 7 X . 1 3 H S A T  C U RV E F I T . 1 5 X . 6 H P L A T E / 1 5 X . 3 ( 4 X . E 1 4 . 7 ) . 1 0 X . E 1 4 . 7 ) 
2 8  F O R M A T ( 1 1 2 1 H  S . ( . O .  P L A T E  W E I G H T . 5 X . E 1 4 . 7 )  
2 9  F O R M A T  C 1 X . I 6 . 1 X . A 4 . 7 X . I 1 )  

9 4 0  F O R H A T C 4 ( 1 X . I 6 . 1 X . F 7 . 3 . 1 X . F 7 . 3 . 4 X »  
9 9 6  F O R M A T C 3 H T O O ) 



Z 0 0 1 F O R M A T C 1 H ) 
E N D  

1 1  5 



1 1 6 

S U B R O U T I N E H I S T O  ( E R R O R 1 , E R R O R 2 , M , I N O , I H I S T , T I T l E )  
C O M M O N  I B A S I  D U M 1 ( 2 0 0 0 ) , I P N ( 1 0 0 0 ) , D U M 2 ( 2 0 0 0 ) , A C 1 0 0 0 ) , B C 1 0 0 0 ) ,  

1 A H O l D ( 1 0 0 0 ) , B H O l D C 1 0 0 0 ) , I P l A T E , I E V E N T  
D I M E N S I O N T I T l E ( 9 ) , l A B E l C 2 ) , G AUX C 1 5 1 ) , G A U Y ( 1 5 1 ) , F B l K 1 C 3 2 ) , F B l K 2 C 3 2 

1 ) , S T O RE ( 3 2 ) , OX ( 6 4 ) , O Y ( 6 5 ) , Y M AX ( Z )  
D A T A  ( l A B E l ( 1 ) = 1 0 H X V A L U E S  ) , ( l A B E l ( Z ) = 1 0 H Y V A L U E S  ) , ( J U M P E R = O ) ,  

1 ( Z E R O = 0 . ) , ( S CA l E = 1 0 . ) 
P R I N T 9 9 6  
I F  ( J U M P E R ) 1 4 0 , 3 5 , 1 4 0 

3 5  XVA l = - 3 . Z 5 
D O  4 0  1 = 1 , 1 5 1  
G A U X ( I )  CI XVA l 
G A U Y C I )  = 3 . 9 8 9 4 Z Z 8 0  * E X P ( - X VA L * XV A L / Z . O )  
XVA l CI X V A l  + 3 . Z 5 / 7 5 .  

4 0  C O N T I N U E  
1 4 0 D O  1 4 5 I = 1 , M 

A H O l D ( I )  CI A ( I )  
B H O l D C I )  = B ( I )  

1 4 5 C O N T I N U E  
1 7 0 D O  1 8 0 I = 1 , M 

A C I )  CI A C I ) / E R R O R l  
B ( I )  = B ( I ) / E R R O R 2  

1 8 0 C O N T I N U E  
I F  ( I H I S T )  1 8 8 , 1 8 7 , 1 8 8 

1 8 7 N = Z 
G O  T O  1 9 0 

1 8 8 N = I H I S T 
1 9 0 J B L K S  CI 6 * N  + 

J I N T L  = J B L K S  
B l K  CI J B l K S  
T W O N  = 2 * N  
B N D  = B L K  I T W O N  
B N D T L  = B N D  
D O  2 1 0  I = l , J B l K S  
F B L K 1 C I )  = 0 . 0  

2 1 0  F B l K 2 C I )  = 0 . 0  
C R A M T  = 6 . 5 / B l K  
D O  3 3 5  I = 1 , M 
I F C I P N ( I ) . E O . O )  G O  T O  3 3 5  
I F  ( A < I ) . G E . Z E R O ) G O T O  Z 5 0  
I F  « A ( I ) + B N D T L ) . G T . 2 E R O ) G O T O  2 7 0 

A (  I )  = - B N O T L  
G O  T O  2 7 0  

2 5 0  I F  ( A ( I ) . L T . B N D T L ) G O T O  2 � 0  
A ( I )  = B N D T L  

2 7 0  I F  ( B N D . L T . A C I » G O  T O  3 1 0  
I F  ( B N D . E O . A ( I » G O  T O  2 9 0  
B N D  CI B N D  - C R A M T  
J B L K S  = J B L K S  - 1 
G O  T O  2 7 0  

2 9 0  I F  ( A < I ) . L T . Z E R O ) G O T O  3 1 0  
F B l K 1 C J B L K S ) = F B L K 1 C J B L K S )  + 1 . 0 
G O  T O  3 2 0  

3 1 0  F B L K 1 ( J B l K S + 1 )  = F B L K 1 ( J B l K S + 1 ) + 1 . 0 
3 2 0  B N D  = B N D T L  

J B l K S  = J I N T L  
3 3 5  C O N ' I N U E  



D O  4 5 5  I = 1 , M 
I F ( I P N ( I ) . E O . O )  G O  T O  4 5 5  
I F  ( B ( I ) . G E . Z E R O ) G O T O  3 7 0  
I F  « B ( I ) + B N D T L ) . G T . Z E R O ) G O T O  3 9 0  
B (  I )  = - B N D T L  
G O  T O  3 9 0  

3 7 0  I F  ( B ( I ) . L T . B N D T L ) G O T O  3 9 0  
3 8 0  B ( I )  = B N D T L  
3 9 0  I F  C B N D . L T . B ( I » G O  T O  4 3 0  

I F  ( B N D . E O . B C I » G O  T O  4 1 0  
B N D  = B N D  - C R A M T  
J 8 L K S  = J B L K S  - 1 
G O  T O  3 9 0  

4 1 0  I F  ( B ( I ) . L T . Z E R O ) G O T O  4 3 0  

F B L K Z ( J B L K S ) : F B L K Z ( J B L K S )  + 1 . 0 
G O  T O  4 4 0  

4 3 0  F B L K 2 ( J B L K S + 1 )  a F B L K 2 ( J B L K S + 1 )  + 1 . 0 
4 4 0  B N O  a B N O T L  

J B L K S  = J I N T L  
4 5 5  C O N T I N U E  

S M  = 1 . 0 / M  
S N  = N 
D O  4 8 0  I = 1 , J I N T L  
F B L K 1 ( 1 )  = S C A L E . S N  * F B L K 1 ( 1 )  • S M  

4 8 0  F B L K 2 ( I )  = S CA L E  * S N  * F B L K 2 ( I )  * S M  
J P L U S  = J I N T L  + 1 
F B L K 1 ( J P L U S ) = 0 . 0  
F B L K 2 ( J P L U S ) = 0 . 0  
D O  1 1 5 5  1 = 1 . 3 2 

S T O R E ( I )  = F B L K 1 ( I )  
1 1 5 5  C O N T I N U E  

D U M  = O .  
J C T = 2 * J P L U S  
X M I N  = - 3 . 5 0 $ V M I N  a O .  
X M A X  = 3 . 5 0 
X T C K  = . 0 1 $ V T C K  a . 0 1  
O X  = . 5 $ D V  = 1 .  
X L A B  = 4 . 1  
V L A B  = Z . O  
J S I G  = 0 
X G R D  a 3 . 5  
D O  1 2 3 0  1 = 1 , 2  
Y M AX ( I )  = 4 .  
D O  1 Z 0 0  L = 1 , J P L U S  
I F ( Y M A X ( I ) . L T . S T O R E ( L »  Y M AX ( I )  = S T O R E ( L )  

1 2 0 0  C O N T I N U E  
Y M A X ( I )  = Y M A X ( I )  + . 2 5 
X V A L  = - 3 . 2 5 
O V  ( 1 )  = O .  
D O  1 2 Z 0  L = 1 , J P L U S 

C K  = L - 1  
O X ( 2 * L - 1 ) = XVA L + C K * C R A M T  
OX ( 2 * L )  = OX ( Z * L - 1 )  
O Y ( Z * L )  = S T O R E ( L )  
O V ( 2 * L + 1 ) = O V ( Z * L )  

1 2 2 0  C O N T I N U E  
I S I C:i  = 0 

1 1  7 



1 1 8  

1 2 2 5  
1 2 3 0  
1 2 3 5  

1 2 3 8  

1 2 8 0  
C 

1 5  
1 6  
1 7  
1 8  

9 9 6  

P R I N T 1 5 . I S I G . J S I G . X M I N . Y M I N . X MAX . Y M AX ( I ) . X G R D . Y M AX ( I ) . X T C K . Y T C K . 
1 D X . D Y . X L A B . Y L A B . J C T  

P R I N T 1 8 .  T I T L E . L A B E L ( I )  
P R I N T 1 6 .  ( OX ( J ) . J = 1 . J C T )  
P R I N T 1 6 .  ( O Y ( J ) . J = 1 . J C T )  
P R I N T 1 7  
I S I G  CI 1 
K G  CI 1 5 1  . 
P R I N T 1 5 . I S I G . J S I G . D U M . D U M . D U M . D U M . D U M . D U M . D U M . D U M . D U M . D U M . D U M . 

1 D U M , K G 
P R I N T 1 6 ,  ( GAUX ( J ) , J = 1 , 1 5 1 )  
P R I N T 1 6 .  ( G A U Y ' J ) , J = 1 , 1 5 1 )  
P R I N T 1 7  
D O  1 2 2 5  K = 1 , 3 2  

S T O R E ( K )  = F B L K 2 ( K )  
C O N T I N U E  

C O N T I N U E 
D O  1 2 3 8  I = 1 . M 
A ( I )  = A H O L D ( I )  
B ( I )  = B H O L D < I )  
J U M P E R  = 1 
R E T U R N  
F O R M A T  S P E C I F I CA T I O N S  
F O R M A T ( 1 H T . 2 I 1 , 1 2 E 1 0 . 3 , I 4 )  
F O R M A T < 1 H T , 1 2 E 1 1 .  4 )  
F O R M A  T <  * T T  * ) 
F O R M A T " H T . 1 0 A 1 0 )  
F O R M A  T <  3 H T O O ) 
E N D 



S U B R O U T I N E G R I D  ( I R , J R , M R , I U )  

C 

C T H I S  V E R S I O N O F  G R I D  I S  F O R  P R O D U C T I O N P L A T E S . 

C 

C 

C 

C 

C 

C 

C 

D I M E N S I O N I X ( 4 ) , T I T L E ( 2 0 , 4 )  
D I M E N S I O N I P ( 1 0 0 , 4 ) , A L ( 1 0 , 1 0 ) , N U ( 1 0 , 1 0 ) , O T ( 1 0 , 1 0 ) , 0 0 ( 1 0 ) , O P ( 1 0 )  

C O M M O N  I B A S I  D U M ( 9 0 0 0 ) , I P L T , N V E N T  
C O M M O N  I G R I D P I  I P  

D A TA ( D O T = 1 H . ) ,  ( D O T S = 7 H  . . . . . . .  ) ,  ( D O T I = 7 H  . . . . . .  1 ) ,  

1 ( I O N = l H I ) ,  ( B L K I = 7 H I ) ,  ( B L K D = 7 H . ) ,  
1 C B L K = 1 H  > ,  C B L K S = 7 H  

D A T A  < I R D = 1 > 

I X ( 1 ) = I R  $ I X ( 2 ) = J R  $ I X ( 3 ) = M R  
I F ( I R D . E O . O )  G O  T O  1 0  
R E A D  1 , « N U ( I , J ) , J = 1 , 1 0 ) , 1 = 1 , 1 0 )  
R E A D  2 , « A L ( I , J ) , J = 1 , 1 0 ) , 1 = 1 , 1 0 )  

1 0  I U  = 0 
D O  5 0  1 = 1 , 1 0 
I F C I . G T . 1 . A N D . I . L T . 1 0 )  G O  T O  1 1  
J 1 = 4 $ J 2 = 7  
G O  T O  1 5  

1 1  I F ( I . G T . 2 . A N D . I . L T . 9 ) G O  T O  1 2  
J 1 = 3 $ J 2 = 8  
G O  T O  1 5  

1 2  I F ( I . G T . 3 . A N D . I . L T . 8 )  G O  T O  1 3  
J 1 = 2 $ J 2 = 9  
G O  T O  1 5  

1 3  J 1 = 1 $ J 2 = 1 0  
1 5  D O  4 0  J = J 1 , J 2 

D O  3 0  K = 1 , 3  
L 1  = I X ( K )  
I F ( L 1 . E O . O )  G O  T O  3 0  
D O  2 5  L = l , L 1  
I F ( I P ( L , K ) . E O . N U ( I , J »  G O  T O  4 0  

2 5  C O N T I N U E  

3 0  C O N T I N U E  
I U  = I U + 1  

I P ( I U , 4 )  = N U ( I , J )  
4 0  C O N T I N U E  
5 0  C O N T I N U E  

I X ( 4 )  = I U  

D O  5 0 0  K = 1 , 4  
I F ( I R D . E O . O )  G O  T O  6 0  
R E A D  3 ,  ( T  I T L E  ( L  1 ,  K ) , L 1 = 1 ,  ,, 0 )  

6 0  P R I N T 4 , N V E N T , I P L T , ( T I T L E ( L 1 , K ) , L 1 = 1 , 2 0 ) 

D O  1 0 0 1 = 1 , 1 0 
D O  7 0  J = 1 , 1 0 
O T C I , J )  = A L C I , J )  

7 0  C O N T I N U E  

I F ( I . G T . 1 . A N D . I . L T . 1 0 )  G O  T O  7 1  
J 1 = 4 $ J 2 = 7  

1 1 9 



1 2 0 

c 

C 

C 

c 

C 

G O  T O  7 5  
7 1  I F ( I . G T . 2 . A N D . I . L T . 9 )  G O  T O  7 2  

J 1 = 3 $ J 2 = 8  
G O  T O  7 5  

7 2  I F ( I . G T . 3 . A N D . I . L T . S ) G O  T O  7 3  
J 1 = 2 $ J 2 = 9  
G O  T O  7 5  

7 3  J 1 = 1  $ J 2 = 1 0  
7 5  D O  9 0  J = J 1 , J 2 

L 2  = I X ( K )  
I F ( L Z . E O . O )  G O  T O  S Z  
D O  S O  L = 1 , L 2 
I F ( I P ( L , K ) . E O . N U ( I , J »  G O  T O  9 0  

8 0  C O N T I  N U E  

8 2  OT ( I , J )  = B L K I 
9 0  C O N T I  N U E  

1 0 0 C O N T I N U E  

D O  1 0 5 1 = 1 , 1 0 
0 0 ( 1 )  CI B L K S  
I F ( I . E O . 3 )  0 0 ( 1 )  = B L K D  
I F ( I . G T . 3 . A N D . I . L T . 8 )  0 0 ( 1 )  = D O T S  

1 0 5 C O N T I N U E  
P R I N T 5 , B L K , ( 0 0 ( J ) , J = 1 , 1 0 )  

D O  1 1 0 1 = 1 , 1 0 
O P ( I )  = B L K S  

I F ( I . G T . 2 . A N D . I . L T . 8 )  OP ( I )  = B L K I 
1 ' 0 C O N T I N U E  

D O  1 2 0 1 = 3 , 7  
1 Z 0 O O ( I )  CI D O T I 

O O ( Z ) = B L K D  $ O O ( S ) = D O T S  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O T ( 1 , J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O O ( J ) , J = 1 , 1 0 )  

O P ( Z ) = O P ( S ) = B L K I 
O O ( 1 ) = B L K D  $ O O ( Z ) = O O ( 8 ) = D O T I $ O O ( 9 ) = D O T S  
P R I N T  5 , B L K , e O p e J ) , J = 1 , 1 0 )  

P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O T ( 2 , J ) , J = 1 , 1 0 )  
P R I N T S , B L K , ( OP ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( 0 0 ( J ) , J = 1 , 1 0 )  

O P ( 1 ) = O P ( 9 ) = B L K I 
O O ( 1 ) = O O ( 9 ) = D O T I $ O O ( 1 0 ) = DO T S  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O T ( 3 , J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , D O T , ( O O ( J ) , J = 1 , 1 0 )  

O P ( 1 0 ) = B L K I $ O O ( 1 0 ) = O O T I 
D O  Z O O  1 = 4 , 7  
P R I N T 5 , I O N , ( O P ( J ) , J = 1 , 1 0 )  



C 

C 

C 

C 

P R I N T 5 , I O N , ( o p e J ) , J = 1 , 1 0 )  
P R I N T 5 ,  I O N ,  ( O T <  I , J )  , J = 1 , 1 0 )  
P R I N T 5 , I O N , ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 , I O N , ( O O ( J ) , J = 1 , 1 0 )  

2 0 0  C O N T I N U E  

O P ( 1 0 ) = O O ( 1 0 ) = B L K S  $ O O ( 1 ) = B L K I 
P R I N T 5 , B L K , e O p e J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , e O p e J ) , J = 1 . 1 0 )  
P R I N T 5 , B L K . ( O T e 8 , J ) . J = 1 , 1 0 )  
P R I N T  5 , B L K , e O p e J ) , J = 1 . 1 0 )  
P R I N T 5 . B L K . e O O ( J ) . J = 1 . 1 0 )  

O P ( 1 ) = o o e l ) = O P ( 9 ) = O O ( 9 ) = B L K S  $ o o e Z ) = B L K I 
P R I N T 5 . B L K . e o p e J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K . e o p e J ) , J = 1 , 1 0 )  
P R I N T 5 , B L K , e O T e 9 . J ) . J = 1 . 1 0 )  
P R I N T 5 , B L K , ( O P ( J )  , J = 1 . 1 0 )  
P R I N T 5 , B L K , e O O e J ) , J = 1 , 1 0 )  

O P ( 2 ) = O O < 2 ) = O P < 8 ) � O O < 8 ) = B L K S  $ O O ( 3 ) = B L K I 
P R I N T 5 , B L K . ( O P ( J ) , J = 1 . 1 0 )  
P R I N T 5 . B L K . e o p e J ) . J = 1 , 1 0 )  
P R I N T 5 , B L K , ( O T < 1 0 , J ) . J = 1 . 1 0 )  
P R I N T 5 . B L K . ( O P ( J ) , J = 1 , 1 0 )  
P R I N T 5 . B L K , ( O O e J ) , J = 1 . 1 0 )  

5 0 0  C O N T I N U E  
I R D = 0 
R E T U R N  

1 F O RMA T < 1 0 ( Z X , I 2 . 3 X »  
Z F O R M A T < 1 0 A 7 > 
3 F O R M A T ( 1 0 A 8 ) 
4 F O R M A T ( 3 H T P G . 8 8X , 7 H E V E N T  A 5 . 9 H 

1 � T * . Z 7X . l 0 A 8 1 * T * I * T * I * T * ' * T ' ) 
5 F O R M A T ( * T * , 3 1 X . A 1 , 1 0 A 7 ) 

E N D  

1 2 1  



1 Z Z 

C 

C 

S U B R O U T I N E D B U F  ( N O R E C S ) 

C O M M O N  I C D B U F I L E N G T  , N E X T , I F I R S T , I X B U F , B U F F ( 1 0 Z 4 ) , E N D F L O , K S 
1 , t T I , I T O 

C O M M O N  I SV I  S AV E ( 5 1 Z ) , I S V 
D A T A  ( I C O U N T = O ) 
D A TA ( I E F = 1 0 0 0 0 0 0 0 0 0 0 0 0 0 B ) , ( I P R = Z O O O O O O O O O O O O O O O B ) 

I F  ( N O R E C S ) 7 0 , 1 0 � 7 0  
1 0  C A L L  L T R I O  ( I T I , 1 1 1 B , B U F F ( I F I R S T ) , B U F F ( I F I R S T + 5 1 1 ) , K S )  

I F  ( K S . L T .  0 )  G O  T O  7 6  
I F  « K S . A N D . I P R )  . N E .  0 )  P R I N T 1 0 0 
I F  « K S . A N D . I E F )  . N E .  0 )  G O  T O  6 0  
I F I R S T  = M O D ( I F I R S T + 5 1 2 , 1 0 2 4 )  
I C O U N T  = 0 
R E T U R N  

6 0  I C O U N T  = I C O U N T + 1 
I F  ( I  C O U N T  . L T . 2 )  G O  T O  1 0  
P R I N T 6 4  
E N D  F I L E 5 
E N D  F I L E 5 
C A L L  L T R I O  ( I T O , 1 1 5 B , A , B , J S )  
S T O P  

7 0  I F ( M O D ( L E N G T , 5 1 Z »  7 9 , 7 4 , 7 9 
7 4  D O  7 5  1 = 1 , 5 1 2  

I F F = I F I R S T + I - 1  
S AV E ( I )  � B U F F ( I F F )  

7 5  C O N T I N U E  
I S V = 1 
CA L L  L T R I O  ( I T I , 1 1 1 B , B U F F ( I F I R S T ) , B U F F ( I F I R S T + 5 1 1 ) , K S )  
I F I R S T  = M O D ( I F I R S T + 5 1 Z , 1 0 Z 4 )  

7 9  L E N G T = M O D ( L E N G T + 8 * N O R E C S , 1 0 Z 4 )  
I X B U F  = N E X T  
N E X T  = L E N G T  + 1  
R E T U R N  

7 6  P R I N T 7 7 , K S 
S T O P  

1 0 0 F O R M A T " * 
6 4  F O R M A T  ( * 1  
7 7  F O R M A T  ( * ,  

E N D  

T R O U B L E  I N  I N P U T  T A P E  * I )  
J O B  T E R M I N A T E D - - E N D  O F  D A T A t ) 
J O B  A B O R T E D - - S T A T U S  W O R D  * , 0 2 0 )  



S U B R O U T I N E M I C A R D  ( N P L T . N V N T . N S T A . P L T . V N T . S TA . I S I G . J S I G ) 

I � C I S I G . E Q . l )  G O  T O  5 0  
N A M l  � N P L T . A N D . 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B  
N A M Z  = N P L T . A N D . 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B  
C A L L  S H I F T O C N A M Z , M A N Z , 6 )  
N A M 3  = N P L T . A N D . 7 7 7 7 0 0 0 0 0 0 0 0 0 0 0 0 B  
C A L L  S H I F T O C N A M 3 , MA N 3 , l Z )  
C A L L  S H I F T O C N A M Z , M N A , l Z )  
I F C M N A . L E . 3 Z B )  G O  T O  1 0  
P U N C H  1 . N V N T , N A M 1 , M A N Z , M A N 3 , N S T A  
I F C J S I G . E O . l )  P R I N T 1 , N V N T , N A M 1 , M A N Z , M A N 3 , N S T A  
I F C J S I G . E O . Z )  P R I N T 3 , N V N T , N A M 1 , M A N Z , MA N 3 , N S TA 
G O  T O  1 0 0 

1 0  P U N C H  Z , N V N T , N A M 1 , M A N Z . M A N 3 , N S T A 
I F C J S I G . E O . l )  P R I N T Z , N V N T , N A M 1 , M A N Z , M A N 3 , N S T A  
I F C J S I G . E O . Z )  P R I N T 4 , N V N T , N A M 1 , M A N Z , M A N 3 , N S T A 
G O  T O  1 0 0 

S O  A B C l  = P L T . A N D . 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B  
A B C Z  = P L T . A N D . 7 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B  
C A L L  S H I F T O C A B C Z , C B A Z , 6 )  
A B C 3  = P L T . A N D . 7 7 7 7 0 0 0 0 0 0 0 0 0 0 0 0 B  
C A L L  S H I F T O C A B C 3 , C B A 3 , l Z )  
C A L L  S H I F T O C A B C Z , M N A , l Z )  
I F C M N A . L E . 3 Z B )  G O  T O  6 0  
P U N C H  1 , V N T , A B C 1 , C BA Z , C B A 3 , S T A  
I F C J S I G . E O . l )  P R I N T 1 , V N T , A B C 1 , C B A Z , C B A 3 , S T A  
I F C J S I G . E O . Z )  P R I N T 3 , V N T . A B C 1 , C BA Z , C B A 3 , S T A  
G O  T O  1 0 0 

6 0  P U N C H  Z , V N T , A B C 1 , C B A Z , C B A 3 , S T A  
I F C J S I G . E O . l )  P R I N T Z , V N T , A B C 1 , C BA Z , C B A 3 , S T A  
I F C J S I G . E O . Z )  P R I N T 4 , V N T , A B C 1 , C B A Z , C B A 3 , S T A  

1 0 0 R E T U R N  
1 F O R M A T C Z X , A 5 , l X , A l , l X , A 1 , A Z , 5 5 X , A 3 )  
Z F O R M A T C Z X , A 5 , 1 X , 2 A l , 1 X , A 2 , 5 5 X , A 3 )  
3 F O R MA T ( 3 X , A 5 , l X , A l , 1 X . A l , A Z , 5 5 X , A 3 )  
4 F O R M A T C 3 X , A 5 . 1 X , 2 A l , 1 X , A 2 , 5 5 X . A 3 ) 

E N D  

1 Z 3 



1 Z 4 

S U B R O U T I N E F R O N C Y  ( R SVX , R S V Y , L ) 
D I M E N S I O N T I T L E ( 9 )  , L A B E L < Z )  , XG ( Z )  , Y G ( Z )  
C O M M O N  I BA S I  D U M 1 ( 1 0 0 0 ) , X P N ( 1 0 0 0 ) , I P N ( 1 0 0 0 ) , D U M Z ( Z O O O ) , A ( 1 0 0 0 , Z ) ,  

1 O U M 3 ( Z O O O ) , I P L A T E , I E V E N T  
D A T A  ( T I T L E = 1 H  , 1 H , 1 0 H F R E O U E N C Y , 1 0 H P L O T  O F  R , 1 0 H E S I D U A L S  A ,  

1 1 0 H F T E R  P R E L I , 1 0H M I N A R Y  C U R , 1 0 H V E  F I T  ( S A , 1 0 H T E L L I T E )  > 
D A T A  ( L A B E L = 1 0 H X VA L U E S  , 1 0 H  Y V A L U E S ) 
D A T A  ( N Z = Z > , ( D UM = O . )  
I N C  = 1 0 0 
L 1 = L - 1  
D O  1 0  1 = 1 , L 1 
N X  = I P N ( I + 1 ) - I P N ( I )  
I F ( N X . L T . I N C >  I N C  = N X  

1 0  C O N T I  N U E  
T I N C = I N C  
T O P  = 1 5 .  

Y M I N  1:1 - 1 5 .  
Y M A X  = 1 5 .  
X G R O  1:1 2 0 0 . w T I N C  + 1 . 
Y G R D  1:1 1 5 .  
X T C K  = . 0 1 $ Y T C K 1:1 . 0 1 
X L A B  1:1 7 . 0  $ Y L A B  1:1 4 . 0  

D Y  = 3 .  O X  1:1 4 0 * I N C  $ 

R V X  1:1 R SVX * 1 . E + 6  
D O  1 5  1 = 1 , L 

$ R V Y  = R S V Y * 1 . E + 6  

X P N  ( I )  1:1 I P N  ( I > 
D O  1 5  J = 1 , 2  
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I S I G  1:1 0 
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2 2  C O N T I N U E  

G O T O  7 0  
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K K  = J J + L - L L  
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2 6  K K l  = K K - 1  
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I F e N P T S . E O . 1 )  G O  TO S O  

1 Z 5 
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P R I N T 4 
I S I G  = 1 

4 5  I F C L S T . E O . K K )  G O  T O  4 6  
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I F e J J . L T . K K )  G O  T O  3 0  
L S T  = K K  
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S I D E = ( - 1 . ) * * C J + 1 )  
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P R I N T 3 ,  X M I N , X M A X  
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I F  e K K . E O . L )  G O  T O  6 0  
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I F e M . L T . L )  G O  T O  Z O  
G O  T O  6 0  

5 0  X G ( 1 )  = X P N e J J )  - . 5 * T I N C 
X G e Z )  = X P N C J J )  + . S . T I N C 
Y G ( 1 ) = Y G e Z ) = A e J J , I )  
P R I N T 1 , I S I G , J S I G , X M I N , Y M I N , X M AX , Y M AX , X G R D , Y G R D , X T C K , Y T C K , D X , D Y ,  

1 X L A B , Y L A B , N Z 
I F C I S I G . E O . O ) P R I N T Z , T I T L E , L A B E L e l )  
P R I N T 3 , X G ( 1 ) , X G C Z )  
P R I N T 3 , Y G ( 1 ) , Y G C Z )  
P R I N T 4 
I S I G  = 1 
G O  T O  4 5  

6 0  RV = R V Y  
6 5  C O N T I N U E  

R E T U R N  
7 0  P R I N T 6 

R E T U R N  
1 F O R M A T e 1 H T , Z I 1 , 1 Z E 1 0 . 3 , 1 4 )  
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S U B R O U T I N E E R W I N  e N , N ( , A , I S , N J , N K )  
D I M E N S I O N A ( N J , N K )  

( M O D I F I E D ( H O L E S K Y  
I S  = 1 

1 = 1  
D O  1 0  J = 1 , N  

G O  T O  ( 5 , 3 , 1 ) , 1  
K = J - 2  

D O  2 L = 1 , K  
D O  2 M = J , N  

2 A ( J - 1 , M )  = A ( J - 1 , M )  - A e L , J - 1 ) * A ( L , M )  
3 K = J - 1  

D O  4 L = 1 , K  
4 A ( J , J )  = A e J , J )  - A ( L , J ) * A e L , J )  

1 = 2 
5 I F ( A e J , J »  6 ,  6 ,  7 
6 I S  = - 1  

G O  T O  2 2  
7 A ( J , N + 3 )  = S O R T e A e J , J »  

D O  8 L = J , N  
8 A e J , L ) = A e J , L ) / A e J , N + 3 )  

D O  9 L = 1 , J 
9 A e L , J )  = A e L , J ) / A ( J , N + 3 )  

1 0 1 1:1 1 + 1  

C I NV E R S I O N O F  U 
D O  1 1  I = 2 , N  

J = 1 - 1  

D O  1 1  K = 1 , J  
1 1  A ( I , K )  = - A e K , I ,  

D O  1 2  I = 3 , N  
J = 1 - 2 

D O  1 2  K = 1 , J  
L 1:1 I - K - 1 
M = 1 

D O  1 2  I J = 1 , K  
M = M - 1 

1 2  A ( I , L )  1:1 A e l , L )  - A C I , M ) * A C L , M ) 
C ( O M P U T A T I O N O F  U I N V E R S E . U I N V E R S E  T RA N S P O S E  

D O  1 4  1 = 1 , N 
D O  1 4  J = I , N  

A ( I , N + 4 )  l1:li o .  
D O  1 3  K = J , N  

1 3  A ( I , N + 4 )  1:1 A ( I , N + 4 )  + A ( K , I ) * A e K , J ) 
1 4 A C I , J )  = A C I , N + 4 )  

D O  1 5  1 = 1 , N 
D O  1 5  J = I , N 

1 5  A e I , J )  = A ( I , J ) / A e I , N + 3 )  
D O  1 6  1 = 1 , N  
D O  1 6  J = 1 , 1  

1 6  A C J , I )  1:1 A e J , I ) / A e I , N + 3 )  
D O  1 7  K = 1 , N  
D O  1 7  L = K , N  

1 7  A C L , K )  1:1 A C K , L )  
( C O M P U T A T i O N O F  S O L U T I O N S  

I F C N C )  1 8 , 2 2 , 1 8  

1 8  M = N + N C 
I = N + 1  



D O  2 1  J = I , M  
D O  1 9  K = 1 , N  

1 9  A ( K , N + 4 )  = O .  
D O  2 0  K = l , N  

D O  2 0  L = 1 , N  
2 0  A C K , N + 4 ) = A C K , N + 4 ) + A C K , L ) · A ( L , J )  

D O  2 1  K = 1 , N  
2 1  A ( K , J )  = A ( K , N + 4 )  
2 2  R E T U R N  
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S U B R O U T I N E A N G L E  ( Y , X , A )  
P I  = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 8  
I F ( X )  3 0 , 2 0 , 1 0  

1 0  I F ( Y . L T . O . )  G O  T O  1 3  
A = A T A N ( Y / X )  
G O  T O  4 0  

1 3  A = 2 . - P I  + A T A N ( Y / X )  
G O  T O  4 0  

2 0  I F  ( Y )  2 3 , 2 2 , 2 1 
2 1  A CI P I / 2 .  

G O  T O  4 0  
2 Z  A = O .  

G O  T O  4 0  
2 3  A = 3 . * P I / 2 .  

G O  T O  4 0  
3 0  A = P I  + A T A N ( Y / X )  
4 0  R E T U R N  
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1 Z 9 

S U B R O U T I N E S 8 U F  ( N W R D S , N S )  

C O M M O N  I S B U F F I  L E N ( Z ) , N E X T ( Z ) , I F I R S T ( 2 ) , I X B U F ( 2 ) , B U F S C R ( 1 0 2 4 , 2 ) , 
1 M O D E ( 2 )  

I F  ( N S . E O . 1 )  I T J a 1 
I F  ( N S . E O . 2 )  I T J  = 3 
I F ( M O D E ( N S »  1 0 5 , 5 , 1 0 5 

5 I F  ( N W R D S ) 1 0 , 2 0 , 1 0  
1 0  L E N ( N S )  = L E N ( N S )  + N W R D S  

I F  ( L E N ( N S ) . G T . 5 1 2 )  G O  T O  3 0  
I X B U F ( N S )  = N E X T ( N S )  

G O  T O  5 0  
2 0  I F  ( L E N ( N S ) . E O . O )  R E T U R N  

3 0  I F  ( U N I T , I T J )  3 0 . 3 5 . 3 0 0 . 3 0 0  
3 5  D O  7 0 0  K = 1 , 2  

I F F a I F I R S T ( N S )  
3 8  B U F F E R  O U T ( I T J , 1 )  ( B U F S C R ( I F F , N S ) . B U F S C R ( I F F + 5 1 1 , N S »  

I F  ( N W R D S ) 4 5 , 4 0 , 4 5 
4 0  I F  ( U N I T , I T J )  4 0 , 7 0 0 , 3 0 0 , 3 0 0  

7 0 r,  C O N T I N U E  
4 5  I F P = I F I R S T ( N S ) + 5 1 2  

I X B U F ( N S )  = I F I R S T ( N S )  = M O D ( I F P , 1 0 2 4 )  
L E N ( N S )  = N W R D S  

5 0  N E X T ( N S )  = I X B U F ( N S )  + N W R D S  
R E T U R N  

1 0 5 I F  ( N W R D S ) 1 7 0 , 1 1 n , 1 7 0 
1 1 0 I F  ( U N I T , I T J )  1 1 0 , 1 2 0 , 3 0 0 , 3 0 0  
1 2 0 I F F = I F I R S T ( N S )  

B U F F E R  I N ( I T J , 1 ) ( B U F S C R ( I F F , N S ) , B U F S C R ( I F F + 5 1 1 , N S »  
1 2 5 I F  ( U N I T , I T J )  1 2 5 , 1 2 6 , 3 0 0 , 3 0 0  
1 2 6 I F P = I F I R S T ( N S ) + 5 1 2  

I F I R S T ( N S )  a M O D ( I F P , 1 0 Z 4 )  
R E T U R N  

1 7 0 I F ( M O D ( L E N ( N S ) , 5 1 2 »  1 7 6 , 1 7 5 , 1 7 6 
1 7 5 I F  ( U N I T , I T J )  1 7 5 , 1 7 8 , 3 0 0 , 3 0 0  
1 7 6 L E N ( N S )  = L E N ( N S )  + N W R D S  

I F  ( L E N ( N S ) . G T . 5 1 2 )  G O  T O  1 7 5 
I X B U F ( N S )  a N E X T ( N S )  
G O  T O  1 7 9 

3 0 0  P R I N T 3 0 1 , N S 
3 0 1  F O R M A T  ( 1 1 *  T R O U B L E  I N  S B U F  * , 1 2 )  

S T O P  
1 7 8 I F F a I F I R S T ( N S )  

B U F F E R  I N  ( I T J , 1 )  ( B U F S C R ( I F F , N S ) , B U F S C R ( I F F + 5 1 1 , N S » 
I F P = I F I R S T ( N S )  + 5 1 2  
I X B U F ( N S )  = I F I R S T ( N S )  a M O D ( I F P , 1 0 2 4 )  
L E N ( N S )  = N W R D S  

1 7 9 N E X T ( N S )  a I X B U F ( N S )  + N W R D S  
R E T U R N  
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C 

S U B R O U T I N E O B U F  ( N O R E C S )  
C O M M O N  I C D B U F I L E N G T , N E X T , I F I R S T , I X B U F , B U F F ( 1 0 2 4 ) , E N D F L O , J S A P , 

1 I T I  , I T O 

I F  ( N O R E C S ) 1 0 , 4 0 , 1 0  
1 0  L E N G T  = L E N G T  + N O R E C S  

I F C L E N G T . G T . 6 4 )  G O  T O  2 0  
I X B U F  = N E X T  
G O  T O  3 0  
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I X B U F  = I F I R S T  = M O D ( I F I R S T + 5 1 2 , 1 0 2 4 )  
L E N G T = N O R E C S  

3 0  N E X T  = I X B U F  + N O R E C S * 8  
R E T U R N  

4 0  I N D E X  = I F I R S T + ( L E N G T - N O R E C S ) * 8 - 1  
C A L L  L T R I O  ( 1 T 0 , 1  : 2 B , B U F F < l F I R S T ) , B U F F ( I N D E X ) , K S )  
I F  ( K S . L T .  0 )  G O  T O  8 0  
E N D F L O CI O .  
R E T U R N  

8 0  P R I N T 1 0 0 , K S 
S T O P  

1 0 0 F O R M A T  C * l  J O B  A B O R T E D - - S T A T U S  W O R D  * , 0 2 0 ) 
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1 3 1  

P R O G R A M  S TA R I D  ( TA P E 2 , TA P E 4 , T A P E 5 , O U T P U T = T A P E 5 , J F I L E , T A P E 1 = J F I L E ,  
S A O , T A P E 3 = SA C ) 

C C A P A C I T Y 9 0  T RA I L S ,  1 0 0 0  P O I N T S , 2 0 0  S T A R S  
C 

C 
C 
C 

1 0 0 2  
1 0 0 3  

1 0 0 0  
C 
C 

1 0 0 4  
1 0 0 5  

1 0 0 1  

D I M E N S I O N O J A Y ( 5 2 5 ) , C A T N O ( 6 8 ) , R T A S C ( 6 8 ) , P M R A C 6 8 ) ,  
1 D E C L ( 6 8 ) , P M D C ( 6 8 ) , S R C B K ( 6 8 ) , S T A R S ( 4 0 8 ) , A S T RA ( 6 8 , 6 ) , R T S V ( 2 9 9 ) , 
2 H E AD ( 6 ) , R ( 2 7 ) , X T R L ( 9 0 ) , DA Y N U M ( 9 0 , 8 ) , DA T A ( 1 0 0 0 , 7 ) , I S G ( 9 0 ) ,  
3 C O O R D ( 2 0 0 , 9 ) , T E M ( 2 0 4 ) , I I D ( 1 0 ) , N I D ( 1 0 ) , I B D ( 4 ) , F W T ( 3 , 2 )  

C O M M O N  I C D B U F I  L E N , N E X T , I F I R S T , I N B U F  , B U F F I N ( 1 0 2 4 ) , E N D F L O , I S T 
1 , I T 2 , I T 4 

C O M M O N  I C H K I  COORD , D T O L , PR 1 D I F , PR Z D I F , S T O RE ( Z , 1 1 ) , F W T , I N D W T  
C O M M O N  I U P D I  D T D I F , I D I F F , I D C R , J J , X T R L , DA Y N U M , N A R C , O J A Y  

C O M M O N  I T S T I  N I D , I I D , L N C N T  
E O U I VA L E N C E ( S T A R S , A S T RA , C A T N O ) , ( S T A R S ( 6 9 ) , R T A S C ) , 

1 ( S T A R S ( 1 3 7 > , P M R A > , ( S T A R S ( Z 0 5 > , D E C L ) , ( S T A R S ( Z 7 3 ) , P M D C ) , 
2 ( S T A R S ( 3 4 1 ) , S R C B K ) 

D A T A ( P I = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 8 ) , ( T W P I = 6 . 2 8 3 1 8 5 3 0 7 1 7 9 6 ) ,  
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6 ( C M = . 2 2 3 4 9 4 5 E - 3 ) , ( C N = . 9 7 1 6 9 0 2 4 E - 4 ) , ( P M N = . 2 1 7 1 6 7 4 2 E - 7 ) ,  
7 < D M D T = . 1 3 S 2 6 3 0 2 E - 8 > , < D N D T = - . 4 1 2 0 9 1 6 3 E - 9 > , < I T = 1 > , < B L A N K = S H  

D A T A  ( I T 2 = 2 4 0 1 2 0 0 5 3 5 0 0 0 0 0 0 0 0 0 0 B ) , ( I T 4 = 2 4 0 1 2 0 0 5 3 7 0 0 0 0 0 0 0 0 0 0 B ) ,  
1 ( I E F = 1 0 0 0 0 0 0 0 0 0 0 0 0 0 B ) , ( E N D F L O = 0 . )  

R E A D  A N D  S T O R E  J - C O R R E C T I O N T A B L E  
J 2  = 0 
D O  1 0 0 0  1 = 1 , 5 2 

B U F F E R  I N  ( 1 , 1 )  ( O J A Y ( 1 ) , O J A Y ( 5 2 5 »  
I F  ( U N I T , 1 )  1 0 0 2 , 1 0 0 3 , 1 0 0 3 , 1 0 0 3  
I A  = ( 1 - 1 ) - 5 2 5  + 1 2 1 7 5 0  
C A L L  W R I T E C  ( O J A Y , I A , 5 2 5 , J 2 )  
C O N T I N U E  

R E A D  A N D  S T O R E  S T A R  C A T A L O G  
D O  1 0 0 1  1 = 1 , 2 9 8  

B U F F E R  I N  ( 3 , 1 )  ( S T A R S ( 1 ) , S T A R S ( 4 0 8 »  
I F  ( U N I T , 3 )  1 0 0 4 , 1 0 0 5 , 1 0 0 5 , 1 0 0 5  
R T S V ( I )  a R T A S C ( 6 8 )  
I A  = ( 1 - 1 ) * 4 0 8  
C A L L  W R I T E C  ( S T A R S , I A , 4 0 8 , J 2 )  
C O N T I N U E  

I = 2 9 9  

1 0 0 6  
1 0 0 7  

B U F F E R  I N  ( 3 , 1 )  ( S T A R S ( 1 ) , S T A R S ( 1 6 2 »  
I F  ( U N I T , 3 )  1 0 0 6 , 1 0 0 7 , 1 0 0 7 , 1 0 0 7  
R T SV ( I )  = R T A S C ( 2 7 )  
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C 

C A L L  W R I T E C  ( S T A R S , 1 2 1 5 8 4 , 1 6 2 , J 2 )  
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I Z Y X  :: 0 
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P R I N T 9 7 , ( B U F F I N ( I ) , 1 = 1 , 1 0 2 4 )  
E N D  F I L E 5 
I F « I S T . A N D . I E F )  . N E .  0 )  G O  T O  1 0 0 
C A L L  L T R I O  ( I T 2 , 4 B , X O , X O , I S T )  

C B E G I N N I N G O F  P R O G R A M  P R O P E R  
1 0 0 I Z Y X  = , 
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I D C R  CI 1 
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1 1 0 ( 1 )  CI N I D ( I >  = 0 
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D O  1 0 1 3  1 = 1 , 9 0 
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1 0 1 3  C O N T I N U E  
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C O O R D  < I )  = O .  
1 0 1  C O N T I N U E  

I F ( E N D F L O . E O . O . )  C A L L  L T R I O  ( I T 4 , 1 1 5 B , X O , X O , K S )  
E N D F L O  = 1 .  
L E N = O  $ I F I R S T = N E X T = 1  
C A L L  D B U F ( O )  
C A L L  D B U F ( 1 )  
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P R I N T 9 6  
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C A L L  D B U F ( 1 ) 
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I F ( I N O W T . E O . O )  G O  T O  1 0 2 
CA L L  D B U F ( 1 )  
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"
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1 0 2 C A L L  D B U F ( 1 )  
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C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 ,  3 , B U F F I N ( I N B U F » ( R ( I ) , 1 = 2 5 , 2 7 )  
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C A L L  D B U F ( 1 ) 
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I F ( M O N T H . G T . 6 ) G O  T O  1 1 5  
N A R C  = 2 * ( I Y E A R - 6 2 ) - 1 
I F ( M O N T H . N E . 1 )  G O  T O  1 0 4 
I O A H  = I DA Y  
G O  T O  1 2 6 

1 0 4 I F ( M O N T H . N E . 2 )  G O  T O  1 0 6 
I D A T E  = 3 1  + I DA Y  
G O  T O  1 2 6 

1 0 6 I F ( M O D ( I Y E A R , 4 ) . N E . 0 ) G O  T O  1 0 8 



C 

l OA Y = l OA Y + 1 
1 0 8 l F C M O N T H . N E . 3 )  G O  T O  1 1 0  

l O A T E  = 5 9  + l O A Y  
G O  T O  1 2 6 

1 1 0 l F C M O N T H . N E . 4 ) G O  T O  1 1 2  
l O A T E  � 9 0  + l O A Y  

G O  T O  1 2 6 
1 1 2 l F C M O N T H . N E . 5 )  G O  T O  1 1 4 

I D A T E  = 1 2 0 + I D A Y  
G O  T O  1 2 6 

1 1 4 I D A T E  = 1 5 1  + l D A Y  
G O  T O  1 2 6 

1 1 5  N A R C  = Z * C ! Y E A R - 6 Z ) 
I F C M O N T H . N E . 7 ) G O  T O  1 1 7  
I O A T E  = I O A Y  
G O  T O  1 2 6 

1 1 7  l F C M O N T H . N E . 8 )  G O  T O  1 1 9 
l DA T E  = 3 1  + l OA Y  
G O  T O  1 2 6 

1 1 9 I F C M O N T H . N E . 9 )  G O  T O  1 2 1  
I D A T E  � 6 2  + I O A Y  
G O  T O  1 2 6 

1 2 1  I F ( M O N T H . N E . 1 0 )  G O  T O  1 2 3 
I D A T E  = 9 2  + I DA Y  
G O  T O  1 2 6 

1 2 3 I F ( M O N T H . N E . 1 1 )  G O  T O  1 2 5 
I D A T E  � 1 2 3 + I D A Y  
G O  T O  1 2 6 

1 2 5 I D A T E  � 1 5 3 + I D A Y  
1 2 6 I A  = C N A R C - 1 ) * 5 2 5  + 1 2 1 7 5 0  

C A L L  R E A D E C C O J A Y , I A , 5 2 5 , J 2 )  
N D A T E  � O J A Y ( I )  
N X  = N D A T E / 1 0 0 
N D A Y  � N D A T E  - N X * 1 0 0 
N Y  = N X / 1 0 0 
N M N T H  = I A B S C N X - N Y * 1 0 0 )  
I F ( N M N T H . N E . 1 )  G O  T O  1 2 8 
N D A T E  = N D A Y  
G O  T O  1 2 9 

1 2 8 N D A T E  = N D A Y  - 3 0  
1 2 9 N D I F F � I D A T E  - N D A T E  

I O I F F = N D I F F / 1 0  
D T D I F  � F L O A T ( N D I F F ) / 1 0 .  - F L O A T ( l D I F F )  
I O I F F = l D I F F + 1 
I F ( I A Z . E O . O )  G O  T O  1 3 Z 

1 3 3 

C C O M P U T E  A L P H A  O M E G A  K A P P A  I F  C A M E R A  A N G L E S  G I V E N  I N  A 2 , Z E N  D I S T 
A Z I M R � R ( 2 Z )  * R D G  
Z E N I R  = R ( 2 3 )  * R D G  
C O P A R  = R ( 2 4 )  * R D G  
A K  = A Z I M R - P I -
I F ( A K . L T . O . ) AK � AK + T W P I 
S I N O M G  = S I N ( Z E N I R ) * S I N ( A K )  
C O S O M G  = S O R T C 1 . - S I N D M G * * 2 )  
S I N A L P  � S I N D M G / C O S D M G / T A N ( A K )  
C O S A L P  � C O S C Z E N I R ) / C O S D M G  
T A N A L P  = S I N A L P  I C O S A L P  



1 3 4 

C 

C A L L  A N G L E  ( TA N A L P , S I N O M G , D E L K A P ) 
C O P P A R  = C O P A R  - D E L K A P  + H F P I 
S I N C O P  = S I N  ( C O P P A R ) 
C O S  C O P  = C O S  ( C O P P A R ) 
G O  T O  1 3 3 

1 3 2 A L P H A R  a R ( 2 2 ) * G R T O R D  
O M E GA R  = R ( 2 3 )  * G R T O R D  
C O P  P A R  a R ( 2 4 )  * G R T O R D  
S I N A L P  = S I N  ( A L P H A R ) 
C O S A L P  = C O S  ( A L P H A R ) 
S I N O M G  = S I N  ( O M E GA R ) 
C O S O M G  = C O S  ( O M E G A R ) 
S I N C O P  = S I N  ( C O P P A R )  
C O S C O P  = C O S  ( C O P P A R ) 

C C O M P U T E  ( A P P R O X I M A T E ) D I R E C T I O N M A T R I X  O F  C A M E R A  

C 

1 3 3 A 1  = - C O S A L P * C O S C O P  + S I N A L P * S I N O M G * S I N C O P  
B 1  a - C O S O M G * S I N C O P  
C 1  = S I N A L P * C O S C O P + C O S A L P * S I N O M G * S I N C O P  
D a S I N A L P  * C O S O M G  
E = S I N O M G  
F = C O S A L P  • C O S O M G  

A2 = - CO S A L P  * S I N CO P  - S I N A L P * S I N O M G * C O S CO P  
B 2  a C O S O M G  * C O S  C O P  
C 2  a S I N A L P  • S I N C O P  - C O S A L P * S I N O M G * C O S C O P  
D P A R  = R ( Z 7 )  * D 
E PA R  = R ( 2 7 )  * E 
F P A R  = R ( Z 7 )  * F 
J = 1 

C R E A D  P A RA M E T E R S  F O R G I V E N  T RA I L ,  S T O R E  I N  A R R A Y  D A Y N U M  
1 3 4 C A L L  D B U F ( 1 )  

D E C O D E  ( S O ,  3 , B U F F I N ( I N B U F » ( R ( I ) , I = 1 , 3 )  
C A L L  D B U F ( 1 )  
C A L L  D B U F ( 1 )  
D E C O D E  ( S O ,  3 , B U F F I N ( I N B U F » ( R e I ) , 1 = 4 . 6 )  
C A L L  D B U F ( 1 )  
D O  1 3 5  K = 7 , 1 9 , 3  

L = K + Z  
C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 . 3 . B U F F I N ( I N B U F » ( R ( I ) , I = K , L )  

1 3 5  C O N T I N U E  
I F ( M O D ( J , 7 ) . E O . 0 )  P R I N T 9 9  
P R I N T 2 4 . I T R L  , I P L T , I Y E A R , M O N T H , I DA Y  
P R I N T Z 5 , ( R ( I ) , ! = 1 , Z 1 ) 
D T S O  = R ( 1 S ) * * Z I Z O O . 
P H I R  a R ( 1 ) * R D G  + R ( Z") * R M I N  + R ( 3 ) * R S E C 
S I N P H I  = S I N  ( P H I R )  
C O S P H I = C O S  ( P H I R )  
P A B A R  = R ( Z O )  * e 1 . - . 0 0 Z 6 4 * C O S ( Z . * P H I R )  - Z . * R ( 1 9 ) / 6 3 7 0 0 0 0 . )  
R E F R A C  a P A B A R  • e 1 . + . 0 0 3 6 6 5 * T O )  I P O  I ( 1 . + . 0 0 3 6 6 5 * R ( Z 1 » 
X T R L ( J )  a I T R L  
D A Y N U M ( J , 1 )  = R ( 4 ) * R H R  + R ( 5 ) * R T M I N  + R ( 6 ) * R T S E C 
D A Y N Il M ( J , Z )  a R ( 7 ) * R H R  + R ( S ) * R T M I N  + R ( 9 ) . R T S E C 
D A Y N U M ( J . 3 ) = R ( 1 0 ) * R H R  + R ( 1 1 ) * R T M I N  + R ( 1 2 ) * R T S E C 
D A Y N U M e J , 4 )  = R ( 1 3 ) * R T S E C 
D A Y � U M e J , 5 )  = R ( 1 4 ) * R S E C  



c 

D A V N U M ( J , 6 ) = R ( 1 5 ) * R S E C 
D A V N U M ( J , 7 ) = R ( 1 6 ) * R S E C 
D A V N U M ( J , 8 )  = R ( 1 7 )  
J = J + 1  

C R E A D  N E X T  I N P U T , T E S T  I F  T R A I L  C A R D  O R  P L A T E  P O I N T C A R D  

C 

1 3 7 C A L L  D B U F ( 1 )  
D E C O D E  ( 8 0 ,  7 , B U F F I N ( I N B U F » X , V , W 1 , W 2 , W 3 , I T Y P , N P T , I ; R L , 

1 N P L  T ,  l T E S T  
I F ( I T V P . N E . O ) G O  T O  1 3 8 
I F ( J . L E . 9 0 )  G O  T O  1 3 4  
P R I N T 9 0  
G O  T O  1 4 2  

1 3 8 I F ( I S O R T . E O . 1 )  G O  T O  1 4 1  

C S O R T  T RA I L  P A R A M E T E R S  O N  I N C R E A S I N G T RA I L  N U M B E R  
J J  = J - 1  

C 

K K  CI J J - 1  
D O  1 4 0 I = l , K K 

L = J J  - I 
D O  1 4 0 K = 1 , L  

I F ( XT R L ( K ) . L E . XT R L ( K + 1 » G O  T O  1 4 0 
T E M P  = X T R L C K )  
X T R L ( K )  = X T R L ( K + 1 ) 
X T R L ( K + 1 ) = T E M P  
D O  1 3 9 M = 1 , 8  

T E M P  = D A Y N U M ( K , M )  
D A Y N U M ( K , M )  = D A Y N U M ( K + 1 , M )  
D A Y N U M ( K + 1 , M )  = T E M P  

1 3 9 C O N T I N U E  
1 4 0 C O N T I N U E  

I S O R T  = , 
1 4 1 I F ( I P L T . E O . N P L T )  G O  T O  1 4 3 

P R I N T 9 1 , I P L T , N P L T  
1 4 2 C A L L  D B U F ( 1 )  

D E C O D E  ( 8 0 ,  1 0  , B U F F I N ( I N B U F » I T E S T  
I F  ( I T E S T ) 3 0 0 , 1 4 2 , 3 0 0  

C S T O R E  I N F O R M A T I O N F O R P L A T E  P O I N T S  I N  A R R A Y  D A T A  

C 

1 4 3 N P T N  = N P T * 1 0 0 0  + I T R L  
N N  CI N N  + 1 
I F ( N N . L E . 1 0 0 0 )  G O  T O  1 4 4 
P R I N T 9 3  
G O  T O  1 4 2 

1 4 4 D A T A ( N N , 1 )  = X 
D A TA ( N N , 2 )  = Y 
D A TA ( N N , 3 )  CI W 1  
D A T A ( N N , 4 ) = W 2  
D A T A C N N , 5 )  = W 3  
D A T A ( N N , 6 )  = N P T N  
D A T A ( N N , 7 ) = I T R L  
I F ( I T E S T ) 1 � 5 , 1 3 7 , 1 4 5 

1 4 5 P R I N T 4 6  

C S O R T  P L A T E  P O I N T I N F O R M A T I O N O N  I N C R E A S I N G P O I N T N U M B E R  
N 1  = N N  - 1 
D O  1 4 8 I = 1 , N 1  

1 3 5  



1 3 6 

C 

L = N N  - I 
D O  1 4 8 K = 1 , L  

I F C D A T A C K , 6 ) . L E . D A T A C K + 1 , 6 » G O  T O  1 4 8 
D O  1 4 7 M = 1 , 7  

T E M P  CI D A T A C K , M )  
D A T A C K , M )  = D A TA C K + 1 , M ) 
D A T A  C K + 1 , M )  = T E M P  

1 4 7 C O N T I N U E  
1 4 8 C O N T I N U E  

D O  1 b 5 K = 1 , N N 
I T R P N  CI D A TA C K , 6 ) / 1 0 0 .  
T R P N  = I T R P N  

C F O R  E A C H  P L A T E  P O I N T ,  C O M P U T E  A P P R O X I M A T E  A Z I M U T H  A N D  Z E N  D I S T 

C 

X L  CI D A T A C K , 1 )  - R C Z 5 )  
Y L  CI D A T A C K , Z )  - R C Z 6 )  
U CI X L * A 1  + Y L * A Z + D P A R  
V = X L * B 1  + Y L * B Z + E P A R  
WW= X L * C 1 + Y L * C Z + F P A R  
S C S I CI U / W W 
S C N U  = V / W W 
C A L L  A N G L E  ( S C N U , S C S I , C A Y ) 
A CI C A Y  + P I  
T A N Z R  = S O R T C S C S I * * 2  + S C N U * * 2 )  
2 R  = A T A N < T A N 2 R ) 
R M  CI A P O * T A N Z R  + A P 1 * TA N Z R * * 3 + A P 2 * T A N Z R * * 5  
2 CI Z R  + R M * R E F RA C  
S I N Z = S I N ( 2 )  
C O S Z  = e O S ( 2 )  
S I N A = S I N C A )  
C O S A  CI C O S C A )  

C C O M P U T E  A P P ROX I M A T E  H O U R  A N G L E  A N D  D E C L I N A T I O N 

C 

S I N D E C  = C O S Z * S I N P H I - S I N Z * C O S A * C O S P H I 
C O S  C O S  CI C O S Z * C O S P H I + S I N Z * C O S A * S I N P H I 
C O S S I N  = S I N Z * S I N A 
C A L L  A N G L E  ( C O S S I N , C O S C O S , H P )  

C O S D E C :: S O R T < 1 . - S I N D E C * * 2 )  
T A N D E C = S I N D E C / C O S D E C 
D E C = A T A N ( T A N D E C )  

C L O CA T E  P A RA M E T E R S F O R  T RA I L  T O  W H I C H  P L A T E  P O I N T  B E L O N G S 

C 

D O  1 5 2 1 = 1 , J J 
I F C D A T A ( K , 7 ) . E O . X T R L ( I »  G O  TO 1 5 4 

1 5 2 C O N T I N U E  
P R I N T 9 2 , D A TA C K , 7 ) 
I F ( T R P N . N E . C O O R D ( N , 5 »  G O  TO 1 6 5 

C I F  T H E R E  A R E  P A R A M E T E R S  F O R  O N L Y  P A R T  O F  A S E T  O F  P O I N T S , 
C I N D I C A T E  B Y  A C O D E  I N  C O O R D ( N , b ) 

B P  = O .  
TR L C  = A I N T C C O O R O C N , b ) / 1 0 0 0 0 . ) 
I F C T R L C . E O . O . )  G O  T O  1 5 3 
S P  = 1 .  
T R L C  = A I N T C T R L C * . 1 )  
I F C T R L C . E O . O . ) G O  T O  1 5 3 
S F- = 2 .  



C 

T R L C  = A I N T ( T R L C * . 1 )  
I F ( T R L C . N E . O . )  B P  = 3 .  

1 5 3  B P P  = C O O R O ( N , 4 )  + 1 .  + B P  
M B  CI B P  
C O O R D ( N , 6 ) = C O O R D ( N , 6 )  + B P P * 1 0 . * * ( M B + 4 )  
G O  T O  1 6 5 

C S T O R E  S I D E R E A L  T I M E ,  C O M P U T E  R I G H T  A S C E N S I O N ( A P P R OX I M A T E ) 

c 

1 5 4 I S G ( I )  = 1 
D A T A ( K , 7 ) = D A Y N U M ( I , 1 )  
R A  = D A Y N U M ( I , 1 )  - H P  
I F ( R A . L T . O . )  R A  = RA + T W P I 
I F ( R A . G T . T W P I ) RA CI RA - T W P I 

C B A C K D A T E  A P P R O X I M A T E  R I G H T  A S C E N S I O N A N D  D E C L I N A T I O N T O  1 9 5 0  

C 

R A G  CI RA + D A Y N U M C I , 2 )  

R A H  = R A  + D A Y N U M C I , 3 )  
S I N R A G  = S I N C RA G )  
C O S R A G  CI C O S C R A G ) 
S I N R A H  = S I N C RA H ) 
C O S R A H  CI C O S C R A H ) 
R A O  = RA - ( D A Y N U M C I , 4 )  + D A Y N U M ( I , 5 ) * S I N R A G * T A N D E C + 

D A Y N U M C I , 6 ) * S I N R A H / C O S D E C )  
D C O = D E C  - C DA Y N U M C I , 5 ) * C O S R A G  + D A Y N U M C I , 6 ) * C O S R A H * S I N D E C + 

D A Y N U M C I , 7 ) * C O S D E C >  

S I N R A O  = S I N C RA O ) 
C O S R A O  = C O S ( RA O ) 
T A D E C O  CI T A N C D C O ) 
A V R T  = C M  + C N * S I N R A O * T A D E C O  
AV D C  = C N * C O S R A O  
S V R T  = 1 0 0 .  • C C N * * Z * S I N RA O * C O S R A O * ( 1 . +  Z . * T A D E C O * * 2 ) + P M N * 

C O S R A O * T A D E C O  + D M D T  + D N D T * S I N RA O * T A D E C O ) 
S V D C = 1 0 0 .  * C - C N * * Z * S I N R A O * * 2 *  T A D E C O  - P M N * S I N RA O  + D N D T o 

C O S R A O ) 
R T 1 9 5 0  CI R A O  - ( AV R T * R C 1 8 )  + S V R T * D T S O ) 
D E 1 9 5 0  = D C O - C AV D C * R ( 1 8 )  + S V D C * D T S O ) 
I F C R T 1 9 5 0 . L T . 0 . ) R T 1 9 5 0  CI R T 1 9 5 0  + T W P I 

C S T O R E  A P P R O X I M A T E  S T A R  C O O R D I N A T E S  I N  A R R A Y  C O O R D , A C C U M U L A T I N G 
C M U L T I O B S E RV A T I O N S  O F  T H E  S A M E  S T A R  

C 

I F C N . E O . O )  G O  T O  1 5 8 
I F ( T R P N . E O . C O O R D C N , 5 » G O  TO 1 6 0  

1 5 8 N = N + 1  
I F C N . L E . 2 0 0 )  G O  T O  1 5 9 
P R I N T 9 4  
G O  T O  3 0 0  

1 5 9 C O O R D C N , 5 )  = T R P N  
C O O R D C N , 6 )  = K 

1 6 0 C O O R D ( N , 1 )  = C O O R D C N , 1 )  + R T 1 9 5 0  
C O O R D ( N , 2 )  CI C O O R D C N , 2 )  + D E 1 9 5 0  
C O O R D C N , 3 )  = C O O R D ( N , 3 )  + D E C  
C O O R D C N , 4 )  = C O O R D C N , 4 )  + 1 .  

1 6 5 C O N T I N U E  

C M E A N  S T A R  C O O R D I N A T E  A P P R O X I M A T I O N S  
D O  1 6 8 I = 1 . N  

D O  1 � 8 K = l , 3  

1 3 7 



1 3 8 

C 

C O O R D ( I , K )  c C O O R D ( I , K ) / C O O R D ( I , 4 )  
1 6 8 C O N T I N U E  

C S O R T  S T A R  I N F O R M A T I O N O N  I N C R E A S I N G R I G H T  A S C E N S I O N 
K K  = N - l  

C 

D O  1 7 2 I = 1 , K K 
L = N - I 
D O  1 7 2 M = l , L  

I F ( C O O R D ( M , l ) . L E . C O O R D ( M + 1 , 1 »  G O  T O  1 7 2 
D O  1 7 0 K = 1 . 6  

T E M P  C C O O R D ( M , K )  
C O O R D ( M , K )  C C O O R D ( M + l , K )  
C O O R D ( M + l , K )  = T E M P  

1 7 0 C O N T I N U E  
1 7 2 C O N T I N U E  

C L I S T A P P R OX I M A T E  S T A R  C O O R D I N A T E S  
M 1 = 1 

C 

M 2  = 5 8  
1 7 3 I F ( M 2 . G T . N )  M 2  = N 

P R I N T 4 7 , E V E N T , I P L T  
D O  1 8 0 I = M l , M 2 

I F « I + 1 1 6 ) . G T . N )  G O  T O  1 7 4 
N M  = I + 1 1 6 
G O  T O  1 7 6 

1 7 4 I F « I + 5 8 1 . G T . N )  G O  T O  1 7 8 
N M  C I + 5 8  

1 7 6 P R I N T 4 8 , ( C O O R D ( K , 1 ) , C O O R D ( K , 2 ) , C O O R D ( K , 5 ) , C O O R D ( K , 4 ) , K = I , N M , 5 8 )  
G O  T O  1 8 0 

1 7 8 P R I N T 4 8 , C O O R D ( I , 1 ) , C O O R D ( I , Z ) , C O O R D ( I , S ) , C O O R D ( I , 4 ) 

1 8 0 C O N T I N U E  
M 1  = M 1  + 1 7 4 
M 2  = M 2  + 1 7 4 
I F ( M 1 . L E . N ) G O  T O  1 7 3 

C B E G I N  S T A R  L O O K U P  I N  S A O  C A T A L O G  
P R I N T 3 4 , E V E N T , I P L T  

C 

L N C N T  C 3 
R T O L  = R T O L  * R S E C 
D T O L  = D T O L  * R S E C 
CA L L  R E A D E C < S T A R S . O . 4 0 8 . J 2 )  

I N  C 1 
J L  = 1 
D O  2 4 0  1 = 1 . N  

I F ( C O O R D ( I , 1 ) . L E . ( T W P I + R T O L » G O  T O  1 8 1 
P R I N T 8 7 , C O O R D ( I , 5 )  
L N C N T  = L N C N T  + 2 
C O O R D ( I , 3 )  = B L A N K  
L C A M O D  ( C O O R D  ( I , 5 )  , 1 0 .  ) 
I F ( L . E O . O )  L = 1 0  
N I D ( L )  = N I D ( L )  + 1 
G O  T O  2 3 9  

C F O R  E A C H S T A R  A P P R O X I M A T I O N ,  S E T  L I M I T S 
1 8 1  P R 1 D I F  = 1 0 .  

P R 2 D I F  = 1 0 .  
R A L O  = C O O R D ( 1 , 1 )  - R T O L  



C 

R A H I � C O O R D ( I . 1 )  + R T O L 
I F ( RA L O . G E . R T A S C ( J L »  G O  T O  1 8 5 

C S T A R  A T  B E G I N N I N G O F  C A T A L O G  
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I F  ( K S . L T .  0 )  G O  T O  8 0  
I X B U F  = I F I R S T  � M O D ( I F I R S T + 5 1 2 . 1 0 2 4 )  
L E N G T � N O R E C S  

3 0  N E X T  � I X B U F  + N O R E C S * 8  
R E T U R N  

4 0  I N D E X  = I F I R S T + ( L E N G T - N O R E C S ) * 8 - 1  
C A L L  L T R I O  ( I T O . 1 1 2 B . B U F F ( I F I R S T } . B U F F ( I N D E X } . K S )  
I F  ( K S  . L T .  0 )  G O  T O  3 0  
E N D F L O  � O .  
R E T U R N  

8 0  P R I N T 1 0 0 . K S 
S T O P  

1 0 0 F O R M A T  ( * 1  J O B  A B O R T E D - - S T A T U S  W O R D  
E N D  

* . 0 2 0 )  
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NOAA TECHNICAL REPORTS 

A User' s  Guide to 
R .  E. Dennis and E. 

a Computer Program for Harmonic Analysis of Data at Tidal Frequencies. 
E .  Long , July 1971. Price $0 . 65 (:OM-7l-50606) 

Computational Procedures for the Determination of a Simple Layer Mode l 
From Doppler Observations. Bertold U. Witte, April 1971. Price $0.65 

of the Geopotential 
(Cml-71 -50400) 

Phase Correction for Sun-Reflecting Spherical Satellite. Erwin Schmid, August 1971. Price 
$0 . 25 (COM-72-50080) 

The Determination of Focal Mechanisms Using P- and S-Wave Data. William H. Dillinger, Allen 
J. Pope , and Samuel T. Harding, July 1 971. Price $0 .60 (COM-7l-50392) 

Pacific SEAMAP 196 1 -70 Data for Area 15524-10 : 
300N, Bathymetry , �Iagnetics , and Gravity. J. 
and M. J .  Yellin , January 1972. Price $3.50 

Pacific SEAMAP 196 1 -70 Data for Area 15530-1 0 :  
36°N, Bathymetry , Magnetics , and Gravity. J .  
and M .  J .  Yellin , January 1972. Price $3.50 

Pacific SEAMAP 196 1-70 Data for Area 15248-14: 
54°N ,  Bathymetry , Magnetics ,  and Gravity. J. 
and M. J .  Yellin ,  April 1 97 2 .  Price $3.50 

Pacific SEAMAP 1961-70 Data for Area 16648- 1 4 :  
54°N ,  Bathymetry , Magnetics, and Gravity. J .  
and M. J. Yellin, April 1972. Price $3 .00 

Longitude l55°W to l65 °1�, Latitude 24°N to 
J. Dowling, E. E. Chiburis, P. D2;1linger, 

(CO�I-72-5l029) 

Longitude l55 °W to l65 °1V ,  Latitude 30°'" to 
J. Dowling , E. F. Chiburis , P. Dehlinger , 

Longitude l52 °1� to l66°1�, Latitude 48° '" to 
J .  Dowling , E. F. Chiburis, P. Dehlinger , 

(COM-72-5l030) 

Longitude l66°1� to 1 80° , Latitude 48°N to 
J .  Dowling , E. F. Chibu�is , P. Dehlinger, 

(C0I1-72-51028) 

Pacific SEAMAP 196 1 -70 Data for Areas 16530-10 and 17530-10: Longitude l65°1� to 180° , Lati­
tude 300N to 36°N, Bathymetry , Magnetics , and Gravity. E. F. Chiburis , J. J. Do�ling, P. 
Dehlinger, and M. J .  Yellin , July 197 2 .  Price $4.75 

Pacific SEAMAP 1 96 1 -70 Data for Areas 16524-10 and 17524- 1 0 :  Longitude :65 °W to 180· , Lati­
tude 24°N to 30oN, Bathymetry, Magnetics, and Gravity. E. F. Chiburis , J. J. Dowling, P. 
Dehlinger , and M. J. Yellin , July 1 972. Price $5.75 

Pacific SEAMAP 196 1 -70 Data for Areas 15636- 1 2 ,  15642-1 2 ,  16836-1 2 ,  and 16842 - 1 2 :  Longitude 
l56°W to 180° , Latitude 36°N to 48°N, Bathymetry , Magnetics , and Gravity. E. F. Chiburis , 
J. J .  Dowling, P. Dehlinger , and M. J. Yellin, July 1 97 2 .  Price $ 1 1 . 00 (Cml-73-50280) 

Pacific SEN-lAP 196 1 -70 Data Evaluation Summary. P. Dehlinger, E. F. Chiburis , and J. J. 00\·;­
ling, July 1972. Price $ 0 . 40 

Grid Calibration by . Coordinate Transfer. Lawrence IV. Fritz, November 1972 . (COM-73-50240) 

A Cross-Coupling Computer for the Oceanographer ' s  Askania Gravity Meter. 
and Thomas E. Brown , November 1 972 . (Cml-73-503l7) 

Carl A. Pearson 

A Mathematical Model for the Simulation of a Photogrammetric Camera USing Stellar Control. 
Chester C Slama , December 197 2 .  

Cholesky Factorization and �Iatrix Inversion. Erwin Schmid, �Iarch 1973. (C�I-73-50486) 

Complete Comparative Calibration. Lawrence W. Fritz , in press, 1 973. 

Telemetering Hydrographic Tide Gauge. Charles W. Iseley , in press , 1 973. 

Gravity Gradients at Satellite Altitudes. 
1 973. 

B .  Chovitz , J. Lucas , and F. �Iorrison , in press , 


