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SUMMARY 

The accuracy with which a ship's position may be calculated from 

satellite Doppler measurements depends primarily on the accuracy with 

which certain parameters are known or may be computed. These parameters 

are the height of the receiver above the reference spheroid, the offset 

frequency of the satellite transmitter, and the ship's surface velocity. 

They may be inserted as fixed values or computed as variables in the 

calculation of the fix position. 

The height of the receiver, which ~aries only with geoid height, 

is known to sufficient accuracy. The offset frequency must be computed 

but the derived value contains errors due to the errors in the other fix 

parameters. Since these are random, however, and the transmitter 

frequency drift is approximately linear, an improved value is obtained by 

long-term smoothing of the offset freqUency plot. 

The greatest problem is to define the ship's velocity with sufficient 

accuracy, to the ;order of 0.1 knot if a positional. aOCUl"&01' ot 0.1 aaut1eal 

mile is to be achieved. Over the shallow waters of the continental shelf 

the absolute short-term accuracy of the sonar Doppler should be sufficient. 

In deep water, however, the effect of ocean currents is uncertain and may 

introduce a large error, in some cases exceeding 1 nautical mile. 

Two approaches to the problem were considered. The first was to 

treat both ship's velocity components as unknown variables. This produced 

erratic results of poor accuracy, but a considerable improvement was made qy 

keeping fixed the least sensitive variable, easterly velocity. Results 

were still far below the accuracy of a stationary fix, however, and 

it is probable that the use of shorter and more numerous counts will be 

neoessary to effect an improvement. 
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The second approach was initially to improve the accuracy of the 

fix by defining the motion of the ship from the navigation data as a series 

of relative positions every 2 minutes of time rather than as an average 

velocity, thus accounting for changes in course or speed during the fix. 

The remaining error due to ocean currents m~ then be reduced through an 

iterative process. The navigation data are tied to the fix positions and, 

thus improved, are used to recalculate the fixes to which they are again 

fitted. One i terat iOn should be sufficient to achieve an accuracy of 0.1 

nautical mile. 

The latter method increases the time and cost of reduoing the 

navigation data, but is the only w83 in which the desired accuracy m83 be 

achieved with the present data. 
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1. INTROIlJCTION 

The Fortran program presently used by BMR to compute satellite · 

fixes is called BMRFIX and derives originally from a program acquired ,from 

R~ Geophysics in 1968. This program initially performed only the basic 

fix computation, but it was extensively modified by R. Whitworth to 

include a variety of other facilities, and restructured into a simpler 

and more ·comprehensible form. The major modifications include a routine 

for computing the effects on fix positions of changes in ship's velocity 

and geoid height and another routine for eliminating Doppler counts 

systematically until the root mean square (r.m.s.) of the ship-satellite 

range residuals reduces to an acceptable value. 

Between August 1973 and August 1974, investigations were made into 

the various techniques available for computing satellite fixes with a view 

to choosing the technique that would maximize th3 accuracy of the ~avigation 

data acquired during the Continental Margin Survey around Australia. About 

9000 satellite passes were recorded at sea during the survey, and those 

which are reliable will be used to tie-down the dead-reckoning navigation 

systems. The time interval between good fixes m~ range from half an 

hour to over five hours but is usually about two hoUrs. 

The position from a single good satellite fix on land m~ now be 

determined to an accuracy of 20-40 metres r.m.s. (Black, 1973) and 

considerably better when multiple fixes are taken at the same position. 

On a moving vessel, however, the accuracy of a fix is reduced b,y any 

uncertainty in the motion of the receiver during the time period through 

which it m~ record signals from the satellite (up to 16 minutes) and by 

the fact that the fix c'annot be repeated. As a result of these and other 

factors the position obtained from a fix of poor quality at sea m~ be in 

error b,y half a nautical mile or more. 

Sluiter (1969) has outlined the effects of a variety of factors 

on the accuracy of a satellite fix, and some of the routines in BMRFIX 
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derive from his results. In this Record the developments and tests which 

have led to the establishment of the program in its present form are 

described and discussed. The w~ in which this program will be used in 

attaining the final positional data is outlined, and user driving 

instructions together with a listing of the program itself are included 

in Appendices 1 and 3 respectively. 

It is not within the purpose of this Record to describe the Transit 

satellite navigation system or the basic theory of fix computation; that 

is described by Stansell (1968) and Regnaudin (1969). However, certain 

parts of the computation theory are explained where they are directly 

relevant to the topics discussed. Chapter 3 includes a detailed 

explanation of the method by which a solution to a satellite fix is 

obtained by an iterative process, bUt a knowledge of the basic principles 

of satellite Doppler measurements is assumed. 
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5 • 5125.0 .. 
& .. 7451t16.0 .. 
7 .. 6055 .. 1.0 .. 
8 .. -553.0 .. 
9 .. 13398.0 .. 

10 .. 139&055.0 .. 
11 .. 9~9910.0 .. 
12 .. 302551t0.0 2000.0 • 
13 .. 31611t1&.0 199&.0 .. 
1,. .. 341312&.0 1992.0 • 
15 ' .. 37958 41t. 0 2008.0 .. 
16 .. 1t197033.0 2010.0 .. 
17 • It It 79111. 0 2005. 0 .. 
18 .. 1t634322.0 2008. 0 • 
19 • 1t711336.0 200 0.0 • 
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21t • 69'.0 253.0 -It .0 .. 
25 .. 7,..0 223.0 -15.0 .. 
26 .. 76.0 190.0 3.0 • 
27 .. 75.0 154.0 - 25.0 .. 
28 .. 72.0 118.0 9.0 .. 
29 .. &1t.0 84.0 1t6.0 .. 
30 .. 54.0 54.0 14.0 .. 

328.0 9.0 -3&.& .. 
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LISTING OF A SATELLITE FIX DATA FI LE I"Tl ---
~ .. - - - - - - - - - - -- - - - - - - - -
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2. SATELLITE FIX DATA FILES 

The basic data necessary for the computation of each satellite 

fix are stored in card image format on magnetic tape. Each file, which 

consists of 32 card images, contains the data for one satellite fix, and 

all the fixes for a cruise are stored on a single magnetic tape. There 

are 36 tapes in all. 

The data are formatted in the following w~. 

File header 

Cards 1 - 11 

Carda 12 - 19 

Cards 20 - 30 

Card 31 

The lock-on time in survey time format SS.DnBHMM 

(showing survey number, survey ~, GMT hour and minutes) 

Each contains a fixed parameter of the satellite orbit. 

The Doppler and refraction counts for each 2-minute 

period. 

These contain the variable correction data for 

the satellite orbit. 

This card contains manually inserted values for lock~ 

on time, approximate latitude and longitude, ship's 

speed and heading, and the geoid height. 

Figure 1 shows a listing of the data for a typical fix. 

The data tapes were produced in this format on a CDC 3600 computer 

from the original field tapes and later converted toa structure compatible 

with the COC 6600. Fairly extensive editing was required on tnese 6600 

tapes before computation of the fixes could continue. The most commonly 

occurring errors m~ be summarized as follows. 

(1) Frequently the same fix might appef~ on the tape two or more times 

sequentially. This stemmed from the original on-board oomputation when an 

attempt was made to improve the fix position by deiehng suspect counts or 

manually ohanging input data before recalculating the fix. In all cases the 

fix with the most complete data was retained and the others deleted. 
I 

(2) Owing to an error in re-formatting the data during the making of 

the 3600 tapes, one of the orbital parameters occasionally overflowed its 
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format and filled the word with stars. These were replaced after 

referring to original listings. 

(3) Most of the other errors originated from the field tapes and 

usually occurred in the last card. Corrections were made by referring 

to the on-board teletype listings, which by necessity were assumed to be 

correct. It was also found quite often that data from one fix would be 

mixed up with those from the following fix. This usually applied to 

the last few cards of the fix and frequently resulted in data being out 

of forinat in the last card. 

All these errors were corrected in the data tapes using edit cards 

and program NFILE. This program· produces a new data tape with the 

corrections incorporated in it. It is thought that all the worst errors have 

been corrected by this process; that is, all those which either make the 

fix impossible to compute or produce a fix position which is obviously in 

error. However, there m~ still be minor errors in the data which have 

a less obvious effect on the fix position, and thes~ could be found only 

by detailed comparison of the data tape listings with the original teletype 

listings, a process which would be prohibitively lengthy. It is expected 

that examination of the navigation during the later phases of the 

prooesBi ng will reveal which fixes still oontain data errors. 

If it is neoessary to make alterations or corrections to the 

fix data for the computation only, without altering the data files, 

it m~ be achieved by using edit oards during runs of BMRFIX. Subroutine 

EDITFIX has been written into the program for this purpose; it enables 

any card in a data file to be changed discretely. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-5-
3. SATELLIT~ FIX COMPUTATION Mm'HODS 

The basic method by which fixes are computed in BMRFIX is one of 

iteration. Each Doppler count, after correction for the offset frequency 

(the frequency difference between the satellite transmitter and the 

reference oscillator on the ship), gives an actual measurement of the 

change in ship-satellite range during the period of that count. If 

approximate values are then assumed for the latitude and longitude of 

the ship's position (s~ to the nearest degree) it is possible, knowing 

the path of the satellite, to compute the theoretical range change during 

each count. The differences between the theoretical and actual range 

changes are called residuals, and from these residuals adjustments to the 

estimated position m~ be calculated. The adjustments are applied and the 

process repeated in an iterative loop which stops only when the adjustments 

fall below a specified value . or twenty iterations have been completed 

.without reaching this value. 

In this ~ the approximate values which are initially given to 

the unknown variable parameters are systematically improved to the 

required precision. These variables will alw~s include latitude and 

longitude, but there are other parameters which are not alw~s known 

accurately and which it m~ be useful to treat as unknown variables in 

order to derive values. Such parameters include the offset frequency, 

the geoid height, and the north and east components of ship velocity 

during the fix. It will be shown later how the solution to a fix is 

derived by first producing a number of independent linear equations that 

equal the number of 2-minute Doppler counts recorded, up to a maximum of 

eight. The unknowns in these equations are the adjustments to the unknown 

variable parameters. In order to solve these equations, therefore, the 

number of variable parameters used in a computation must be less than or 

equal to the number of equations and thus to the number of :counts recorded. 

The various stages of the fix computation will now be explained in 

detail. 
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The positions of the satellite at the start and finish of each 

2-minute count are calculated from the orbital parameters and the variabl~ 

correction terms. This is done in subroutine S~XYZ while the standard 

corrections to the Doppler .counts for the ionospheric refraction effect 

(Ha1amandaris & Gilbert, 1971) are made in subroutine Sm'DATA. 

(2) Subroutines POS1, POS2, POS3, and POS4 perfonn the actual fix 

computations, each for a different set of variable parameters. Any one of 

these routines m~ be selected at the option of the user. 

POS1 latitude, longitude. 

POS2 1ati tude, longitude, offset frequency. 

POS3 latitude, longitude, geoid height. 

POS4 latitude, longitude, ship's northerly velocity. 

Typical printouts from each of these routines are shown in Appendix 2. It 

is quite possible to derive a routine which includes the ship's easterly as 

well as its northerly velocity as a variable, or for that matter any other 

combination which m~ be desired. In order to follow through the computation 

POS2 will be considered. 

(3) Using the approximate values of latitude and longitude the theoretical 

position of the ship at the beginning and end of each count is derived. At 

these times the theoretical ship-satellite range can then be found. The 

range is corrected for the tropospheric.refraction effect (see Chapter 4) and 

the change in range during each count obtained. These values are then 

subtracted from the actual chanee in range found from the Doppler co\mt, 

giving the residual at each count, DL 1, DL2 ••• DLn' where n is .the number of 

counts taken during the fix. 

(4) Finding a solution to the fix means finding the adjustments to the 

approximate values of the variable parameters which will reduce the residuals 

to a minimum. Therefore equations must be set up relating the residuals to 

the errors in approximate latitude, longitude, and offset frequency -~~,6~ 
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~d6f. Let the shipo-satellite range at the start of count k be 

related to the three variable parameters by the function 

If each variable is written as an approximate value plus an error term 

we have, 
- -

Rk = Fk ( 4> + 64>, ~+ 6~, f+ 6f ) 

A'ssuming the errors to be small this may be expressed to first-order 

accuracy (Whittaker & Robinson, 1924) as 
- - ----- ~_.- -- - -- --. 

Rk = ~(~,i,i)+aFk. 61>+8~.6~+8~.6f 
Bcp 8~ 8f 

Now the difference between the measured change in range during the kth 

count and that computed from the approximate values m~ be expressed from 

the above equation and is equivalent to the residual. ~. 

DL k= [R k- Rkt ,]- [I;(~,i,f)- ~+,(~,-~,f)] 

= (8Fk _ 8Fk+I).64>+ (8Fk..;. 81; .. ,\.6x+ {8Fk _ 81;.,\.6f 
84> 84> 8~ 8~ J 8l 81 I 

'1' '1' 

We may simplify this equation by substituting for the change in each 

partial differential during a count as follows: 

Values for these three terms can be calculated for each count using the 

approximate values of the variable parameters. (They are of course also 

approximate but become increasingly accurate as the iteration converges). 

(5) We can now establish a linear equation for each count. 

for k .. 1 to n 

If there are more equations than there are unknowns there will not usually 
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be a unique so.lution since there are inherent errors in the equations. These 

errors derive not only from the approximations made in the development of 

the equations but also from errors in the definition of the satellite path 

and in the measurement of the Doppler counts. In fact errors are likely to 

derive from any parameter which is not treated as a variable. An optimum 

solution must therefore be obtained such that the sum of the squares of the 

errors in all the equations is a minimum. Substituting x, y, and z for 6. r;, 
6.l\ , and l:l. f the error in the above equation m~ be expressed as 

The sum of the squares of the errors is 

',,' , 

For S to be a minimum the following condition must hold: 

85 = 0 
8x I 

85=0 85=0 
8y I 8z 

Partially differentiating with respect to each variable we obtain three 

eqp.ations: 

------ -----_._----

Since the number of equations now equals the number of unknowns, a unique 

solution m~ be found which will fit the least-squares condition. The 

solution is most easily found by matrix inversion. Substituting back for 

the variables A CI, I::l A , and llf we may express the equations in the 

following matrix form: 
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All A'2 A'3 /).~ 

A21 A22 A23 X I:l A 

A31 A32 A33 /). f 

n 
where 8· = L 0 Lk • C· k I k=1 I 

and 

The solution to the unknowns 11 ¢, b.X , and..6. f is found by inverting matrix 

A and multiplying it with matrix B. Subroutine MATINV performs the inversion 

and multiplication, and returns the solutions so long as the matrix A is not 

singular. 

The errors ll. ¢,A>.., and ~ f are added to the original values of 

latitude, longitude, and offset frequency respectively, and processes (3) 

to (5) are repeated. This iterative process is necessary because of the 

approximations assumed in deriving the original linear equations which are 

accurate only for infinitely small differences in ¢, ~ , and f. Initially 

these differences are too large to be of sufficient accuracy, but as the 

computation is repeated they progressively reduce until they become smaller 

than the precision desired of the derived variables. The values of the 

variables at this pOint will be of thp. required precision. If this does 

not occur after tl'Tenty iterations the process is terninated \d th an 

informative message, but convergence is normally obtained in no more than 

four iterations. 
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4. TROPOSPHERIC Rl<:!F'RAC'l'ION CORRF..GTION 

The Doppler shift observed by a receiver on the garth's surface 

in a sienal transmitted from a satellite is not as it would be in a vacuum. 

The path and the speed of transmission of the signal are affected by 

varia.tion in the refractivity of the atmosphere, and. the error may be 

considered as comprising two discrete components. One is the component 

due to refraction in the ionosphere, which depends on the frequency of the 

transmitted si~lal, and the other is that due to tropospheric refraction, 

which is not frequency dependent. The first m~ be computed from Doppler 

counts taken at two different frequencies, but the second must be 

computed independently. 

Tropospheric refraction depends on the density and humidity of the 

a.ir through which it passes. The Earth's atmosphere is assumed to vary 

only with height, but even so the full expression for range correction 

is still complex and heavily dependent on high computer precision and 

memory capacity for its computation. Perhaps the simplest approximation 

to this expression has been put forward by Hopfield (1969) and it is this 

apprOximation which is currently used in function TROPO to compute the 

tropospheric range correction in BMRFIX. 

The total range correction ~p tro is considered to be the sum of 

the so-called 'dry' and • wet' components, here subscripted d and w: 

The approximations for these terms are: 

(APtro ). = . K. cosec /E2 +8: km 

E is the elevation of the satellite from the receiver and 8d and 8
w 

are 
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empirical parameters (in the same units as E). The above expre:~sions 

o give very good approximations of the components for elevation above 5 , 

and quite good' ones as low as 20
, with the following parameter values. 

P is the observed local pressure at antenna heieht, and Kd is a constant 

whose value is known to quite .hieh pre~ision. Its best current value 

is 

Kd .. 2.278 x 10-8 km/willibars 

K varies with latitude, season, and weather and a value m83' be chosen 
w 

according to. the follOwing list of observed averages. 

K Place, time w 

6.28 x 10-3 kID Tropics or mid-latitude summer 

0.20 x 10-3 kID Mid-latitude spring or fall 

0.12 x 10-3 kID Mid-lati tude winter 

0.05 x 10-3 kID Polar regions 

On BMR surveys up till now the recording of satellite fixes has 

not been accompanied b,y the measurement of atmospheric pressure so that 

the following approximations are made on the basis of average sea-level 

pressure 

KdP .. 2.31 x 10-3 Ian 

K .. 0.20 x 10-3 km 
w 

The range correction for a single r~ path is about 2.5 metres at 

900 elevations and 90 metres at the horizon. Over a complete fix this has 

the effect of shifting the position of the tracking station about 20 m 

towards the orbit along the slant-range vector for a high pass, and about 

80 m for a 150 pass. If the height of the station above the geoid is 

. * 1 millibar = 100 Pascals 
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fixed, the resultant horizontal shift in position becomes about 80 m for a 

o 0 75 pass and the same for a 15 pass. An error of 1 percent in the pressure 

P affects the total range correction by about 1 percent, and an error of 

0.1 x 10-3" in the value of K affects it by about 4 percent. 
w 

Hopfield estimates that if the pressure P is known the residual 

error in the total correction will be less than 10 percent and this almost 

entirely due to the wet component. If the pressure is not measured and 

m~ thus be in error by up to 3000 millibars the induced error may be 

increased by about 3 percent. Except for extremely high or 

low passes the position error attributable to tropospheric correction in 

this case will still not exceed about 12 metres. 

This error is negligible compared with other errors inherent in 

taking fixes from a moving vessel. The approximate equations used in 

BMRFIX would therefore seem to be quite adequate. It would be advisable 

in future, however, to measure atmospheric pressure at the time of a fix 

in order to eliminate any error due to the dry component. It m~ also be 

possible to choose a more accurate value for Kw according to the table shown 

above instead of simply using a fixed average value. 

If it is considered necessary to reduce the error in the 

tropospheric correction even more an algorithm derived by Yionoulis 

(1970) m~ be used. In order to give high accuracy over all elevation 

angles there are in fact two expressions, one for high angles and one for 

low with a considerable area of overlap. The algorithms are in the fOnD 

of numerical summations which m~ be taken to the number of terms sufficient 

to give the desired accuracy. This method eliminates the necessity for 

double-precision computation and enables the calculation to be carried out 

on a computer without introducing rounding errors. 
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5. HEIGHT OF THE RECEIVER ABOVE: THE ~ER!!:NeE SPHEROID 

Any position on the Earth's surface m~ be defined by reference to 

a spheroid of best fit. Since the geoid is an irregular figure such a 

position cannot be defined by latitude and longitude alone, but must also 

be specified by its radial distance from the spheroid surface. The radial 

distance of the geoid from the reference spheroid is called the geoid height, 

which must be known in order to solve a satellite fix. 

Several spheroids have been derived from attempts to fit either the 

geoid as a whole or only a particular part of its surface. The APL (Applied 

Physic Laboratory) spheroid with an equatorial radius of 6318144.0 metres and 

a flattening of 1/298.23 gives an optimum worldwide fit to the geoid but the 

difference over the Australian region shows a significant north-south 

gradient. An Australian National spheroid has been developed which is 

biased to give best fit to the Australian region. It has an equatorial 

radius of 6378160.0 metres, a flattening of 1/298.25 and an origin shift 

from the APL spheroid of -115, -42, and 141 metres in the I, Y, and Z 

directions respectively. No significant rotational difference between 

these two spheroids has yet been detected. 

If the same position on the geoid is referred to different spheroids 

the latitude and longitude of that position in each case will be different. 

In the case ·of the APt and the Australian National spheroids the differences' 

approximate to 5 seconds of latitude and 4 seconds of longitude over the 

Australian region but m~ be computed precisely for any position. The 

Transit satellite navigation system is based on the APL spheroid and 

therefore it is convenient to calculate positions which are referred to 

that system. 

Geoid heights for the APt spheroid have been obtained at one-degree 

intervals over the whole Australian region. These heights are now used 

in the computation in preference to the geoid heights originally written 

onto the satellite data files by the Compagnie Generale de Geophysique 

(eGG) and whose source . is somewhat obscure. A comparison of the two 
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revealed differences as much as 50 metres in places. The APL geoid heights 

are stored on a file which m~ be accessed by BMRFIX to give the geoid 

height at any position by interpolation. 

Subroutine POS3 derives the geoid height by treating it as an 

unknown. parameter together with latitude and longitude, but initial tests 

indicate that as a variable it is too sensitive to changes in range, and 

the derived value too inaccurate for it to be of any use. It appears that 

with a good fix of relatively high altitude the computed geoid hei5ht m~ 

be several hundred metres in error, while with poorer, low-altitude fixes 

the error m~ rise to a few thousand metres. Comprehensive tests have yet 

to be carried out, but it would seem that as a method of determining the 

height of the geoid, even by filtering over large areas, this technique 

holds little promise for fixes t~cen at sea. 
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6. OFFSm' FRE~JI'::NCY OF' THI~ R; ':Ji'!~mi!NCE OSCILLll.TOR 

The Doppler shift of the satellite transmitter is measured by 

reference to a stable oscillator at the receiving station. It is thus 

vitally important to know with considerable accuracy the difference in 

frequency between the two oscillators. This is called the offset frequency 

and is approximately 32000 Hertz. It will, however, var,y from satellite 

to satellite and change with time as the oscillator frequencies drift. 

One w~ of obtaining the offset frequency at a particular fix is 

to let it be an unknown variable with latitude and longitude in the 

computation. Since it is a very sensitive parameter the resulting value will 

be of considerable accuracy if all the parameters are known to a similar 

accuracy. But if there are errors in the ship's velocity or the geoid 

height or in the positional data of the satellite itself, these errors will 

be reflected in the derived value of the offset frequency. 

Where the computed offset frequencies from a series of fixes taken 

from a particular satellite are plotted against time it becomes apparent 

that the long-term drift is virtually linear (Appendix 4). The scatter of 

individual fixes about this line m~ be attributed to the errors in othe~ 

parameters as mentioned above or to the poor quality of a fix due to an 

unfavourable pass altitude or an insufficient number of Doppler counts. 

It is generally considered that the oscillators themselves have an 

extremely long drift period, and although occasional jumps m~ occur there 

will in general be no short-period variation of the offset frequency. On 

this basis it has been suggested by Sluiter (1969) that a more accurate 

value of offset frequency would be that taken from the long-term drift 

curve. Statistical analysis of repeated fixes at a known position shows 

that there is indeed a si~lificant reduction of scatter when such a 

procedure is followed. 

Accordingly the offset frequencies at all fixes were computed end 

plotted against time for each satellite separately. Long-term drift 
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curves were then hand-drawn through each plot over the whole length of the 

survey and values taken off at intervals of five da.Ys. In one or two 

instanoe~ the drift curve of a particular satellite appeared to change 

unusually rapidly for a few. days and it was deoided not to use the 

satellite over the length of time that such erratic behaviour remained 

apparent. All other values were compiled into a file which m~ be 

accessed from BMRFIX and the offset frequency for a satellite at a 

required time determined by linear interpolation between values. 
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7. DEn'ERMINATION OF SHIP VELOCITY AS AN UNKNO\'lN VARIABLE 

Possibly the most important factor in the determination of satellite 

fixes from a moving vessel is the accuracy with which the velocity of that 

vessel over the Earth's surface is known. Sluiter (1969) has outlined the 

theoretical effect of velocity errors on a fix position for various headings 

and various satellite elevations. In general the response is such that 

errors in northerly velocity have the greatest effect and predominantly 

on the fix longitude, whereas easterly velocity errors have a smaller 

effect mainly on the latitude of the fix. The error due to northerly 

velocity reaches a minimum at 450 satellite elevation while that 

due to easterly velocity reduces continuously with satellite 

elevation. The magnitude of the effect is such that a 1-knot error in 

northerly velocity will alter the position derived from an average five­

count fix by about 0.25 nautical miles for a. 150 elevation, 0.2 n.m. for 

a 450 elevation and 0.5 n.m. for a 75
0 

elevation. 

These theoretical velocity error ellipses appear to be confirmed 

in practice. An error ellipse for each fix is computed in BMRFIX, and 

results for about 50 fixes have been compiled by Hudspeth (pers. comm.) and 

are displ~ed in Figure 2. They d.emonstrate the close relation of northerly 

velocity with longitude and easterly velocity with latitude, as maximum 

satellite elevation changes. Cross relations, however, appear largely 

erratic. 

Determination of the ship's velocity is therefore a vital factor 

in the computation of a fix, and an accuracy of 0.1 knot should be aimed 

for if navigation is to be good to within 0.1 n.m. Ship's speed m~in 

fact be measured in continental shelf areas to such a precision using 

sonar Doppler and velocity logs. In deep-water areas where sonar Doppler 

cannot read off the water bottom the velocity component due to ocean 

currents introduces an unknown quantity. As these currents may reach 2 

knots or more the effect on a satellite fix position can be considerable. 
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One way of obtaining an absolute ship velocity is to make it an 

unknown variable in the fix computation, or rather two variables, northerly 

and easterly velocity. As long as at least four counts are used it is 

possible to solve for latitude, longitude, and both velocity vectors. 

In order to assess the value of such a method tests were done on 

a series of fixes recorded in port, where the correct velocity is of course 

zero. Ten fixes at Newcastle and eleven fixes at Port Adelaide were 

computed in this way and the positions were plotted (Figs. 3, 4) • 

It should be noted .that in most fixes more counts 

were taken during the decline of the satellite than during its ascent due 

to late lock-on but otherwise they represent an average selection as regards , 

satellite elevation and number of counts recorded. 

All the Adelaide fixes and six out of ten of the Newcastle fixes lay 

within 0.2 n.m. of the correct position but the scatter otherwise was wide. 

It was also apparent that easterly velocity was the most insensitive of the 

variables, with occasional errors in the calculated value of 10 knots or 

more. Since the errors in the easterly vector seemed in general to be 

larger than most errors expected from ocean currents it was decided to try 

northerly velocity only as a variable with easterly velocity fixed as the 

dead reckoned value. 

The positions derived by this method are also shown in Figuras 3 and 

4. As expected the predominant position error is in longitude but all the 

Newcastle fixes are within 0.2 n.m. of the correct position while the 

Adelaide fixes are all within 0.1 n.m.. These results are encouraging but 

are of oourse improved by the fact that the easterly velocity was correct 

in this case since it was known exactly. Greater divergency would be 

expected with errors in the easterly velocity. 

Computation with both velocity components as variables therefore 

seems impracticable since reasonable results are obtained only from fixes 

of very good quality with at least six counts. The application of 
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northerly velocity alone as a variable yields considerably improved results 

but even good fixes may give a velocity up to 0.5 knot in error. In deep 

ocean areas of strong currents this l~tter technique might be usefully 

applied for on-board computation, but for post-processing of the 

navigation there are better methods of obtaining accurate velocities. 

These are described in the next chapter. 

Serious consideration should be given to the length of time over 

which a Doppler count is recorded. At present counts are of two-minute 

duration, which permits no more than eight counts during a single pass. 

By reducing the length of each count and there'ey increasing their number 

it m~ well be possible to increase the statistical reliability of a 

computed position since the ratio of equations to unknowns will be improved. 

Some red.uction in the accuracy of each individual count must be expected, 

but it is quite likely that a more favourable compromise can be found. 

This in turn m~ cause some improvement in the determination of unknown 

variables, espeCially ship's velocity, the accuracy of which appears to 

depend heavily on the number of counts used in its computation. A count 

duration of 24 seconds has been found to give good results but it is thought 

that optimum precision m~ yet be achieved using counts of 20 seconds 

or less (Dennis, 1974). 
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8. USE OF 2-MINUTE SIUP POSITIONS IN FIX COMFUTATION 

If the components of ship velocity are not to be treated as variable 

it is necessar,y to decide how the motion of the ship m~ best be defined. 

The values for the course and speed of the ship which are stored on the 

satellite data files are estimates taken on board from the dead-reckoning 

navigation systems and put in manually at the time of each fix. There 

was naturally no allowance for the effect of ocean currents in deep water, 

but even on the continental shelf there is considerable doubt as to the 

accuracy of these values. 

A sequence of 33 fixes taken on the shelf in the Great Australian Bight 

was examined to establish an order of magnitude for the velocity errors. 

Since the sonar Doppler signals reflect from the bottom in these waters, 

an absolute velocity, acquired b,y averaging over the period of the fix 

(16 minutes), should be accurate to 0.1 knot. The difference between 

sonar Doppler velocity recorded in the general survey data files and that 

manually inserted on satellite data files was plotted for each fix 

(Fig. 5). The differences almost all li~ within a 1-knot radius and 

are fairly evenly scattered. The inaccuracy of the values manually 

inserted in the satellite files is clearly evident and hard to explain 

since the same sonar Doppler information was available at the time of 

each fix~ 

The opportunity was also taken to make some assessment of the 

effectiveness of variable velocity computation of fixes recorded at sea. 

Since correct positions for each fix were not known a comparison of the 

derived velocities was made with the relatively accurate sonar Doppler 

velocities. 

When both northerly and easterly velocity were treated as variablp. 
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the differences with sonar Doppler velocity were extremely large as might 

be expected, especially the easterly component. With northerly velocity 

variable and the easterly component fixed as that on the satellite data 

file there is a considerable improvement in the scatter. Apart from the 

obviously bad values due to very poor fixes, where counts are few or 

elevations unfavourable, the, errors in northerly velocity compare 

favourably with the errors in the corresponding velocities on the 

satellite data file. 

In areas of deep ocean with strong current, such 'a method of 

acquiring velocity might prove as good as or better than simply using 

the value from the sonar Doppler, but overall the latter would seem 

preferable. Velocity derived from the sonar Doppler or one of the other 

dead-reckoning systems is most conveniently obtained from the one-minute 

sample data tapes. They can be set up as explained below to provide 

dead-reckoned positions whose absolute accuracy m~ be very low but whose 

relative accuracy over the period of a fix will be high. 

Given such data it is then possible to improve the fix computation 

technique. The essential requirement for the oomputation is that the 

relative position of the ship be known at the beginning and end of each 

count. It is normally valid to assume that the velocity remains constant 

throughout the fix, in which case the ship's position varies linearly 

with time, but if significant changes in speed or course occur during 

the 16-minute fix period a non-linear error will be introduced into the 

residuals which m~ considerably reduce the accuracy of the fix. But if 

we obtain the relative position of the ship at the start and finish of 

each count directly from the dead-reckoning naVigation, any variation of 

ship velocity will be automatically accounted for in the calculation. 

The FIXNAV tapes which contain survey data at 1-minute intervals 
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also contain dead-reckoned latitudes and longitudes at these times. 

Subroutine VELDATA in ~mFIX reads off these poeitions over the period 

of a fix and derives eastings and northings of the ship at 2-minute 

intervals. These are expressed in metres and are relative to the 

position of the ship at the time for which the fix is to be calculated. 

The uncertainty in the absolute values of latitude and longitude does not 

affect the values for eastings and northings. 

In essence, the method of computing a fix is not changed. Only 

the calculation of the ship co-ordinates and the partial derivatives of 

the variables for each count ie somewhat different. All computation 

routines have been altered to use this method including POS4 which in 

addition creates the change in northerly velocity as a variable. 

This method of accounting for the motion of the ship should reduce 

the final residuals below those derived using a unifonn velocity. Where 

both methods have been tried on a fix it has generally been found that 

this is so. 

Although relative motions of the ship have been accounted for, the 

velocity component due to ocean currents in deep water is still unknown and 

this will introduce an error into the fix position. In the worst case of 

a north-south current for a fix of moderately poor elevation the error is 

about 0.25 n.m. per knot of ourrent. Currents around Australia generally 

don't exceed about 2 knots although there are examples of 4-knot currents 

off the east coast. The fix error from this source should thus be less 

than 0.5 n.m. nonnally but on occasion ma.v be as muoh as 1 n.m. 

The dead-reckoning navigation is adjusted to the satellite fix 

positions by using an Akima interpolation (Akima, 1974). If the fix 

positions are correct the effect of long-period current and systematic 

instrument error on the dead-reckoned positions would be almost entirely 

removed and thus the ship velocities derived from these corrected . 

positions would be of good aocuracy. If there is an error of 0.5 n.m. 
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in the fix position, however, it will renerate an avera~e velocity error 

over a 2-hour fix interval of 0.25 knots. Were these new dead-reckoned 

positions to be used in a recomputation of satellite fixes as described 

above, the errors in the new fix positions would not normally exceed 

0.05 n.m., and even in extreme cases few fixes should be in error by 

more than 0.1 n.m. except in areas of rapidly varying current. Such an 

accuracy is within the requirements of the survey. 

This is the method proposed in the reduction of the navigation 

data. It is the only method that will satisfactorily reduce the satellite 

fixes to the order of accuracy deemed necessary, although it will mean 

a significant increase in the computing cost a~d time spent prod\lcine 

the final results. 
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9. CONCLUSION 

The satellite fix computation program IDffiFIX is now set up 

in such a way that the user has considerable choice in ho", a fix rna.,)" 

be computed. He also has .several facilities available to aid him in 

assessing the quality and accuracy of a fix. The original quality of 

the satellite pass geometry and the number and accuracy of the Doppler 

counts m~ not be improved, but estimates of other parameters used in 

the fix computation may be. 

The heieht of the antenna above the reference spheroid is not 

a very critical factor but should be known to about 10 metres for the 

position error to remain below 0.025 n.m. for most passes. The geoid 

heights supplied by the APL are considered to be good to this accuracy. 

The offset frequency is a much more sensitive parameter. However, plots 

of the computed values for each satellite over the whole period of the 

survey show clearly that the drift is mostly linear. The offset 

frequency may therefore be established most accurately b,y taking vaiues 

from the lon~tenn trend line. 

The correction for' tropospheric refraction is adequately 

computed by the simplified equations used in the program. Considering 

the accuracy expected and desired for a fix at sea it seems unnecessary 

for more complicated algorithms to be used, but small imprO"vement mCi\Y' 

easily be made in future work by measuring and incorporating in the 

computation the atmospheric pressure at the time of the fix. 

The mast critical parameter in the computation of a fix recorded 

at sea is the velocity of the ship. In deep water where the sonar 

Doppler does not reflect off the sea bottom but is back-scattered from 

within the sea water the component of ship velocity due to ocean current 

is not known. Experiments using both northerly and easterly velocity 

components as variables met with mixed success. The derived v~locities 
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especially the easterly component, sho\o(ed error often in excess of any 

likely current. Using the dead-reckon~d value for easterly velocity 

and varying only the northerly component, the error in the derived value 

of the latter for most fixes was within 0.5 knots and for a good fix 

may be much smaller. Such a method of computing fixes would seem to 

offer most advantage for quick on-line computation in deep-water areas. 

It should be possible to derive more accurate values of both velocity 

components in the future by recording a greater number of Doppler counts 

of shorter length, thereby improvine the statistical reliability of the 

computation. 

From post-processing of the present navigation data the most 

accurate results would seem to be obtained by using an iterative process. 

The original dead-reckoning is used in computing the satellite fixes 

initially. The dead-reckoning is then improved by t~ing it to the fix 

positions, and the fixes are recomputed using the new dead-reckoning. 

Such a process will of course add cODsiderably to the cost and the time 

spent in processing the navigation but it is the only way of optimizing 

its accuracy. It is estimated that the second computation of the fixes 

should reduce most position errors to within 0.1 n.m. 



-26-
10. REFl<JRENCES 

AKH'IA, H., 1970 - A ne\"1 method of interl,olation and smooth curve 

fitting based on local procedures. J. Assoc. Compute 

BLACK, H.D., et al, 1973 - Recent (1973) improvements in the navy 

navigation satellite system. 

Proceedings of the 1913 I011 National Aerospace Meeting,March 1913. 

DENNIS, A.R., 1974 - A second generation navy satellite marine 

navigation system. 

Navigation, 21 (1), pp • . 37 - 43. 

HALAMANDARIS, H" & GILBERT, R.K., 1911 - The effect of ionospheric 

corrections to positioning accuracy using satellites. 

Paper presented at the Offshore Technology Conference, 

Houston. Texas, April 1911. 

HOPFIF~D, H,S., 1969 - Approximation to the tropospheric range correction. 

Internal Memorandum (12.11.69), John Hopkins University, APL. 

HUDSPETH, J., in prep. - Procedures for assessing the accuracies of 

satellite fixes recorded at sea. 

Bur.Miner.Reeour.Aust.Rec. 

REGNAUDIN, J., 1969 - The Transit System. 

Publication by Compagnie Generale de Geophysigue, Paris, 

July 1969. 

SLU1~, P,G., 1969 - Relative \>/eighting of satellite fixes. Paper presented 

at Marine Geodosy Symposium, Hew Orleans, Nov. 1969. 

STANS1!rr.L, T.A., ~r, 1968 - The navy r..avigation satellite system: 

Descriptism and status. ~ravigation, 15 (3) pp. 229 . - 243. 

YlONOULIS, S.M~, 1910 - Algorithm to compute tropospheric refraction effects 

on range measurements. J. geophys. Res., 75(36), pp.7636-
1631. 

I 
I 
I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
'I 
I 



I 
I, 

PROG'HM SMRFIX OkIVING INST~UCTIONS 

APPENDIX 
( 1 of 2 1 

I 
I 

wRITTEN HY R.GARNETT 'ON 1.2.75 

T~E P~OGRAM COMPUT!S AND ASSESSES SATELLITE 'IXES. 
OATA IS INPUT ON LUN 4~ ~ROM SATELLITE FIX DATA FILES. 
THIS DATA MAY AE ALTFR~D FOR THE CO~PUTATION USING EDIT CARDS. 
A FILE CONTAINING ONF. ~t~uTE O-R POSITIONS MAY SF. INPUT ON LUN 1. 
A FILE CONTAINING GEOI~ HEIGHTS MUST ~E INPUT ON LUN 41. 
A FILE CONTAINING OFFS~T FRE~uENCIES MUST BE INPUT ON LUN 4Z. 
CARD IMAGES CONTAINING FIX TIME, COMPUTED PPSITION, AND VALUES OF 
ASSOCIATED PARAMETE~S ARE OUTPUT ON LUN ~~. 

I 
*************************************************************************** 

I 
*******.** CONTROL CARDS FO~ RUN~lNG DN T~E ClBER 1b00 *********** , 

FIRST CARD SENOS JOB TO THE CY8ER ••••• *CY,CHARGE CODE FOR TERMINAL,JOBNAME 

I 
BMRFIx.T50,NLZ. 

. ACCOUNT(CHARGE COOl) 

I' 
I 

***** REQUEST TAPE CONTAt~ING LAT~ST ONE MINUTE D-R POSITIONS. 
***** THIS IS OPTIONAL. 

LA8EL,TAPE1,R,LaST.PE LA8ELI. 
STAGE,TAPE1,~T,HO,PRE,ST-OLT,VSN-T~PE NO. 

***** REQUEST TAPE CONTAINING SATELLITE FIr DATA FILES. 
LABEL,TAPE40,R.LaSTAPE LA8ELI. 
STAGE,TAPE40,NT,HO,PRE,ShOLT,VSNaTAPE NO. 

I ***** ATTACH FILE CONTAINING APL GEOID rlEIGI-tTS. 
" ATTACH,TA~E4t,GEOID,ID-CCOHRXMD. 

***** ATTACH FILE CONTAINING LONG-TeRM OFFSET F~EQUENCIES. 
ATTACH,TAPE42,LTOF,IOaCCOMRXMD. I' 

I 
***** REQUEST PERMANENT "ILf FD~ LUN 5~ IF OUTPUT FILE TO BE SAvED 

REQUEST,TAPE50,*PF. 

***** ATTACH AND LOAD BINARy ~r8~ARIES CONTAINING BHRFIX ROUTINES. 
ATTACH,LIB2,PHASE2,IO-CCOMRXHD. 
ATTACH,LIB5,SERVICE,IO-CCDMRXHO. 
LIBRARYCLIBi,LIB5) 

***** EXECUTE BMRFIK. I BMRFix. 

***** CATALOG LUN 50 FILE IF IT IS Tn BE SA~ED. 
CATALOG,TAPE50,FILE NAHE,ID.CCDMRXMD,CNaLEAVE,~O.ST~ICTLY,EX~ALONE,RP.200. 

:1 . . -. --- . . . EDS • 11A/q PUNCHED IN COLUMN-! - • - - • • - • • • • • -. 
I 
I 

*******~***************** DATA CAROS ****************.* •••• **L 

***** 
***** 

FILE HEADE~ OF O-R 

CARD ! • INDICATES ~HETHER OR ~OT A D-~ NAVIGATION ,ILE 
HAS ~EEN ATTACHED. 

I ***** 
. . .NO NAVIGATION FILE 

NAVIGATION ~ILl IN RA'~ FO~M_T 
DR 

***** CARD 2 - SP~CI'IES THE OUTPUT FILE ~F.DEA ON LUN 5A 

I 
***** EVt~ IF THE FILE IS NOT TO RE SAVED. 

OUTPUT FILE ~EAOER IN RA10 FORMAT 

DRIVING INSTRUCTIONS FOR PROGRAM BMRFIX I Record No 1975/60 G449-112A 
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APPENDIX 
( 2 ot 2 1 

***** CAAD 3 • INOtC4TES TH~ FI~es TO ~~ C~MPUTED, T~E PRINTOuT 
***** OPTIONS ANu : THE MOHOn OF COMPuTATION. 
***** FIXES ARE COMPUTED wITHIN ~PECIFIEO SURVEY TIMES. 
***** STA~T TIME COLS 1-10, ENn TIME CO~S 11.~0, ~F1A.1 FORMAT 
***** I~ GEN!RA~ -
***** A FIX IS ALWAYS ASSESSED BlFORE IT IS COMPUTED. 
***** ASSESSMENT INV~LvES OELETING EACH COUNT IN TURN TO SEE 
***** THE EFFECT ON TH~ ~ESIOUALS OF T~E LACK OF THAT COUNT. 
***** FOR FINAL CO~PUTATION COUNTS A~E DE~ETEO SYSTEMATICALLY 
***** UNTIL ~~S OF RESIDUALS IS LESS THAN 15 METRES. 
***** FOR fINAL COMPUTATION OF EOIT!O FIX HOWEVER ON~Y EDIT 
***** INSTHUCTIONS PREVAIL, NO COUNT OELETIONS BASED ON 
***** ASSES~MENT ARE MAOE. 
***** A LISTING OF THE OuTPuT FILE ON LUN 50 ALwAVS APPEARS 
***** AT THE ENO OF THE PRINTOUT. 
***** THE FOLLOwING OPTIO~S ARE SPECIFIED BY TWO PAHAHETERS 
***** ILISTaS, ALL FIxES PROCESSED AND LISTED 
***.* cnNE PAGE ~RINTOUT P~R FIX) 
***** ?, ONLY ErITED FIxES PROCESSED AND ~ISTED 
***** ], ALL FIxES PROCESSED BUT ONLY EDITED FIXES ~ISTED 
***** IPOS at, vA~I~eLES ARE LAT,~ONG 
***** ~, VARIABLES ARE LAT,LONr"OFFSET FREQUENCY 
***** 3, VARIABLES ARE LAT,LnNG,GEOIO HEIGHT 
***.. 4, VANIAAL~S AR~ LAT,LONG,SHJprS NORTHERLY VELOCITY 
***** ILIST tOLS 21-3~, IPOS CO~S 31-40, 2ItP FORMAT 

SS.DOHMMM SS.ODHHMM ILIST IPOS 

***** Ir T~E DATA FOR ANY OF THE FIXES IN THIS SEQUENCE IS TO BE 
***** CHANGED THE EDIT CAWOS A~t IN5EWTED HERE. 
***** EACH ¥Ix "AY 8E EDITED IN THE FOLLOWING WAY. 

***** FIRST CARD SPECIFIE~ THiT €DITING IS REQUIRED AND THE 
***** SURVEY TIME OF T~~ FJ~ IS PUT IN COL! 11-2~~ 

*EDITFIX 'S.ODriHMM 

* * *.*.* 
***** . 

. ***** 
***** 
***** 

999911.0 
4179571.1.0 

1728 

***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 

DATA CARDS wHIC~ ARf TO B~ EDITtO ARE THEN SPECIFtED 
WITH THE REPLACE~ENT CA~O SHOWN IN COLS 1-10 
AND T~f NU~eE~ OF THE CARD TO BE ~FPLACED IN COLS 79-80 • 
CCARD ON~ IS THAT l~MEOIATELY FOLLO~l~G THE FIXTIME CARD' 
FOQ EXAMPLE 

13RE 

IF A *EDITFIX CARD IS INCLUDEO wITH .NO EDITING CAROS THE 
EF'ECT wILL BE TO PRfVENT ANY ASSESSMENT COUNT DELETIONS 
IN FINAL COMPUTATION. 
ANY NUM~EW OF FIVES IN THE SEQUENCE MAV ~E tDITED IN THIS 
FASHION BUT EOIT tAWeS MlIST Rt AR~Af'.4GfD IN THE SAME ORDER 
THAT THE FI.ES ARt cnMPUTEO. 
A HNGLE FIX MAY "E RE~OI'lPIJTEO ANY NUMBER OF TIMES WITH 
DIFFERENT EDITS ~y ~EPF.ATINu THt *EOITFIX CARD FOLLOWED 
BY THE APPROPRIATE EOITIN~ CARnS. 

i 1 
19 
'J! 

•• ___ • ____ EOS - 7/A/q PUNCHED IN COLllMN t - - - - • - - • - - • - • -

***** SPECIFY ANY FURT~ER SEQUENC~S OF FIxES wHICH .R~ TO BE 
***** PROCESSEO 8Y ~EP~ATING CARD ~ PLUS ANY EDITING rNst~ucTlDNS 
***** FOR FIVES IN THAT S~QUENCE. 
*.*** TERMINATE EACH SEuU~NCE WITH AN END OF SECTION. 
***** EACH SEQUENCE MUST CHHONOLOGICALLY FO~LOw T~E PRECEOING ONEc 

* * * * * * * * * * EOI - ~/118/q PU~CH~O IN COLU~N 1 * * * * * * * * * * • * ~ 

Record No 1975/60 G449-113A 



-:tJ 
CD 
n 
o .... 
Q. 

CO) .,. .,. 
ID 
I 

.,. 
» 

- .. 
rixED ;)A TA iJOPPI"EQ 4\j;) ~:FH:qOI; VARIABLE CATA 

. a 243 ;.28.0 3~255,j.!l 2!.)). C 2;..0 3C4.0 _15.0 
37;!U5 7 .0 31!>lcl~.' 1 \I i ~. p 4r .0 3C4,O 4.0 
Ib 45ilb 7 .0 341312~.a 1H~, 0 52,0 295,0 -lC,O 

19'14 7 .0 .H"'5~", ~ Cll) L t'I 61. C 278,0 -u .0 
5125.0 41H J3 J.l 2J 11 • n 69.0 253.0 -4,0 

745 416 .0 44791 71 . '1 ZU)5. !) 74.0 223.0 -15.0 
6:15;4t.\) 46$4J22 . J Z J) ~ ' , 0 76 .• 0 190,0 3,0 

-,53,0 4711336.0 Z:J)), n 75.0 154 .0 -25 .0 
1339",0 7"e 118,0 9. \' 

1J~6~55,O 64,0 ~4, 0 . 46,0 
9"'9~10,O 54.0 54,0 14,0 

ALTITUUE AL;" : ;:J" TS :OJ\T 1 :; ) )0,; T 2 COU"T 3 COU· . T 4 r.OU~T '5 COUNT 6 C OU·, T 7 COU~T 8 
:5, TO 1 ~ , 1 ~, '2 ••••••••• 11. 11 6 17 ,38 13.62 14 • 44 1 4 • 95 16 .0 4 6.t-, 

10, TO 17. .7 . 16 .4.1 4 ••••••••• • t ,91 -7.33 -7.05 -6. ')0 -4.67 -15,lJ 
17; TO 24. 12.i 7 1>.30 ;.40 ••••••••• 11. 9~ 10. 5'5 12. 4 ' 13,67 6,2 5 
24, TO · 25. -.46 1.10 -?7.2 4,92 ••••••••• -4.6Q -7..118 -1,83 1,7. 4 
25. TO 11. .9 .... a - LJ. 79 -'.<;1 -'3,07 -1). 21 ••••••••• -13.1)4 -13.93 -,6' 
19, TO 12. • 7. 7(1 .i.59 - ~. ('3 .11,30 -7.82 -12.07 ••••••••• .11. 92 3,lJ 
12, TO ; . - 16 • 42 -1".J2 -15.20 -17,88 -1t..47 -1 9 • 45 -l R,b8 ••••••••• -7,3 9 
5. TO -1 • 62.52 6).99 !I .~. 62 6,,94 t.2.50 bO.46 60. 11 6 59.95 • •••••••• 

R.M.S. RlSIDJALS 24 ,3 U 2;.37 25.79 25,35 ?5.98 25.5<; 25,75 25.07 7,3~ 

snnnus Rt:JcCTI)\j or CJu~r 8 REDUCES ~,M.S, ~E:St:1UAL TO ',4 "PRES Ah.Oll ACCEPTABLE LIMiT or 1~.0 MIiTRES 

LOC<-J~ TIME. 1350 GMT 
EsT; .A T • -27,8 DEGREES 
EST: ~C~G. 113,8 DEGREES 

COURSE: 328.1 DEGREFS 
SPEE:D : ~.11 ~o,;J1S 

LONG. TERM orrSET rRE~UENCV : 32069,88 MERTZ 
SATELLITE MOVING - SOUTH 

GEOID MT I~:, A~TE~NA 13,3 ~FTREs ~AXIMUM ALTITUDE - 25, DE~R~IiS TU "Ii~T 

LATITUO: : 28 12.617' SJUTH 
LO~GITJJE' 113 54.658' :AST 

rlx S~ 1fT P(J; ~'10T t:ql(Oq - '10~T~ CLA T ,061' 1\;- DL J',G ,268' E 
riX S~ I r T Pf.~ t(~ljl i:~~O~ - 'j::lQT'4:A 5T !)LAT ,on 4' S nL.:1"G .215' t: 
r IX: S~lrT PEq I(~OT i:pr<04 - ;:AST OLAT ,066 ' S iJL:1"'G .036' E 
rH S~lrr ClE~ I("'OT t:Rt>O~ ~JJT~:.:iT DLAT ,O'l .~ , S nL:JfolG ,164' II 

S ... lrT CWSEn !:IV 1 :JO ll t:~~()~ 1:0.1 3DI J OLAf ,0'14 ' ~ ULOfol(i ,050' E 
S~lrT CAUSED Hv ;'H:RIVI~.i ()V \I 01. A T ,013' S DLJ"'G ,058' w DVN .ll I(~OTS TO HH: '50U™ 
S"lrT CAUSED i'lv USI lG AJE~A';': VE.O:rr ( OLAf .00 J' N OLJ"'G .003' Ii 

qESIUliALS I~ I1:HE5 

ALTITuDE 1'! P~l LlATA "'::lRT~ '!JR1H-"A!> T I;A'iT :;OUTH-I:AST G~OID Hr DERIVED vN AVuE VeL. 
3. TO 10, !).o5 ' 20.3) 1t1,';1 9.78 -.78 7,93 3.69 '.17 

10, TO 17, -15,13 -15.32 -13.'33 -13,10 -13.56 ·15.12 -15.10 .13,0' 
17, TO 24. 6.l5 -3·7) - .;,5 6,45 13.43 5,40 8.41 4,11 
24. TO 25. 1.24 .1".1

' 
-1. '~5 -' ,86 1.46 .99 1.76 1,04 

25, TO 19. -."5 !I,5 ) 4,43 -2.61 -8.50 ,10 -2.63 ,46 
19: TO 12. J.13 6,7!S 6.64 4,44 1.47 3,49 2.34 2,~, 

12; TO 5 • .7.38 -16.71 -10,.!1 -2,14 2.96 -8.08 -5.35 -6,9U 
••• TO eee ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• ••••••••• 

A.N.S, . RHIDJALS 7.35 12.31 10.116 6,98 8, '02 7.55 7.13 6.4'1 

e1 7;131 4OO 2R 12.lI2 113 54.!)6 13:;0 528. 9.1 13.3 14 S ?5. w 32069.68-

SAMPLE LISTING OF COMPUTATION WITH VARIABLES - LATITUDE AND LONGITUDE 

- -

» 
-""0 
-""0 0'" "z 
"'0 --X 

N 



-:0 
/D 
n 
0 .. 
a. 

Z 
0 

iii .... 
Ut 

" en 
0 

~ 
~ 
~ 
cD 
I 

Ut 
> 

- - - - - - - .. - - - •• - .. - - .. 
e.!1.'!. SATEL~ITE ~A v I GAT I ~N C)~O~~A"! . : t X Of'< 1'H2IH / 15 AT 13S0 USI'iG SATEi.l JTE 14 SURVEY TIME 17.1.S1J50 

rixED DATA DOPp~E'l '"t) ~:qA:rz ")'; vt.~I·BLE DATA 

" 4:.3~2t1,O 3025540.J 20)). 1 ~9.(I 304.0 -15.0 
372445 1 ,0 J1H416.) 191 h ~ 40.0 304,0 4.J 
164506',0 34 l312!1 .(l 1 ~ i ~. " :12.0 i'95.0 -1(1,0 

19H7,O J"'SS44 , J H'B, ,j 01,0 213,0 -n,o 
5125 ,0 41 H OlJ., c! v 1 ) , ,) ~~, 0 ' ;>5J,O -". n 

745416,0 44 191 71":) ic!O);,1 14,0 223,0 -1 5 .0 
61)S541 , 0 46'4322.0 21JH. , 76.0 19C,(1 3.n 

-,5.5.0 471133!l, (I 20) , , .) 75,0 154,0 -25.0 
13J9a,O 72,0 118, ° 9.J 

\3116055,0 ~4.0 84,0 46.0 
9'9H10,O 'H.O 54,0 1 4 .1) 

ASSESSr-<E~T Or 11.11. S. RESIDUAl. (1'1 "ET~ESI JSI"G LONG_TE;:''' orrSE T rREQUE~CY A"D REMOVING ONE COv~T 

ALTITUDE ALL COUNTS COUIIIT 1 C) J~T 2 COU'IIT 3 COU'IT 4 COUNT 5 COUNT 6 COU .. T 7 COUNT tI 
3. TO 10, 13,72 ••••••••• 11·66 \7,36 13·62 14.44 14 • 95 16·04 6,65 

10· TO 1'. -7,16 -4.1 4 ••••••••• -\.91 -7.33 -7.05 -6.l0 -4. 67 -1 5 'lJ 
17. TO 24, -12,17 15.30 9,40 ••••••••• 11.90 10,55 12,41 13.67 6.2, 
24 '. TO 23. _.46 1.10 _2.22 4,92 ••••••••• -4.69 _2.06 -1.63 1,24 
25. TO 19. -9.98 -lu. 79 -9.91 -11,07 -10,21 • •••••••• -13.04 -13.93 -,65 
19. TO 12. -7.70 -~,59 -6,l'l3 -!l,30 -7.82 -12.07 ••••••••• -11,92 3,13 
12· TO , , -1 6 ,42 -1 e 032 "15.20 -1

'
,86 -1" , ,4 7 -1 9 .45 -1 8 ,68 ••••••••• -7,3 9 

5. TO -1. 62,52 60.'19 !l3.62 ~,,94 62.50 60.46 6C,~6 5<;.95 ••••••••• 

".M.S. ReSIOJALS 24 ,30 2:;.37 25.19 2;,35 25.911 25.5<; 25,75 25.07 7,3~ 

SUUUUS Rf:Ji:CTIJII 0'" CJ.J'H !I REOi,;CES =!, .... S. "!ESlllUAL TO 7,4 ~E TRE S BELO~ ACCEPTABLE L1MJT or 1,,0 METRES 

LOC~-ON TIME: 1350 G"T 
EsT; LAT • -2 7 ,8 OEuREES 
EST: _ o~G 113.~ DEu~=Es 

L~TlTUD: 
LO "~ iT;.I)~ 

fIX S-i II"T PE~ K'iOT I::RKO~ - ~:l~T'1 

rl x S~lrr C)E>! I(:\OT tRHO~ - '~O=!T~:t 5T 
rlx SolI'T Pf~ I("OT I::RRO~ EAST 
rlx S-ilrT "E',>! K1\OT I::RRO=! :iOJT~:IoST 
SIo,J'"T C" USEr. Hy 10CM ER=!OR IN GE) I D 
~"'I rr CAusED H'!'DI:IIIVIf'.3 Dv'l 
Sh I F'T ~SI"G I.ATITUDI:-LO"GITJD~ O~ .. Y 

qESIDUAI.S IN METqES 

, AL T rTUD: I~Eo/ OHS~T 'II)RT 1 
3. TO 10. 9.65 20,3) 

10. TO 17. ~13,51 -15,32 
17 '. TO 24. ,5,60 -3,.7 J 
24. TO 25. -,62 -1,1 1 
25. , TO 19 • -1."1 8,5J 
19. TO 12. 4.'j4 !I,73 
12. TO ; . -4,45 -16.77 
••• TO ••• ••••••••• • ••••••••• 

A.M.s. Rk'SIDJALS 7,09 12,31 

.17;1314 00 26 12.01 113 54.66 lJ;O 

COURSE; 328.1 ~EG~EFS 
SPcEC ~,11 K\OTS 
:iF.OIC ~ T I'll:. A\'n:~"Il A; 13.3 "~T~Es 

LO~G-TER~ orrSET rREQUENCY c 32009,8d ~ERTZ 
SATELLITE MOVING - SOUTH 
~AXI~U" ALTITUOF - 25. DEG~EES TO wEST 

?~ 12.~~9' SJUTH 
113 54 .6~!I' EAST COMPUTED orrSET rREQUENCY 32069,03 HERTZ 

iJLA T ,r;6 ~, N OLuNG .2"'8' E 
JLAT ,(104 1 S OLONG ,215 ' I:: 

' DLA T , C6!1' S CLONG .C36' E 
OLAT ,Cl8 ~, S OLJNG ,ll-4' .. 
:>L'T .004' III CLOIIIG ,050' I: 
OLAT ,013 ' S DLONG .0';;8' w DVN ,22 KNOTS T(I THE SOUT ... 
OLH ,1l0~' S OLOrjG ,000' E 

NORTH-EAST EAST SOUTH-EAST GEOID MT DERIVED VN INPUT DATA 
la.51 9.71\ -.78 7.93 l.69 6,6, 

-13.83 -13,10 -13.56 -15.12 -15,10 ' -15,lJ 
-.65 6.45 lJ.43 5;40 11.41 6,2~ 

-1.95 -,a6 1,46 .99 1,76 1,2" 
",43 -;>.61 -6,50 .10 -7.,63 -,65 
6.64 4.44 1.47 3.49 2.34 3,'1" 

-10. J1 -2,14 2,96 -8.01i -5.35 -7,311 
••••••••• ••••••••• • •••••••• ••••••••• ••••••••• ••••••••• 

10,06 6,98 tl.02 7.55 7,13 7,J~ 

328. 9.1 13.3 14 S 25, W , 32069.83-

-

SAMPLE LISTING OF COMPUTATION WITH VARIABLES - LATITUDE,LONGITUDE AND OFFSET FREQUENCY 
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-
:0 .. 
n 
o 
~ 

G') 

~ 
~ 
ID 
I 

f1'I 

- - - - - -- - - - - - - - - -B.M.R. SATELLITE ~AVIGATIO~ PROG~A~ - rlX O~ 

rrXED DATA 

8243928 .0 
372445 7 .0 
1645067.0 

,T 1350 USING SATELLITE 

VARIABL.E DATA 

SURVEY TIHE 17,131350 

1984 7 .0 
5125.0 

. 7.5416.0 
605541.0 

-553,0 
13398. O· 

1396055.0 
999910.0 

3025540.0 
3161416.0 
3413126.0 
3795844.0 
4197033.0 
4479171. 0 
4634322.0 ' 
4711336.0 

200leO 
19H·.0 
1992.0 
lOOhO 
201].0 
200".0 
20~t..O 
20~).0 

29.0 
40.0 
52.0 
61.0 
69.0 
74.0 
76.0 
75.0 
72.0 
64.0 
'4.0 

304.0 
30 4 ,0 
295.0 
278.0 
253.0 
223.0 
190,0 
154.0 
118.0 
84.0 
54.0 

-15.0 
4.0 

-10.0 
-0.0 
-4.0 

-15.0 
3.0 

-25.0 
9.0 

46.0 
14.0 

ASSESSME~T OF R.H.S. RESIDUAL. (I~ ~eT~ES, J61~G LONG-TeR~ OrrSET FREQUENCY A~D REMOVING ONE COUNT 

ALTITUDE 
3. TO 10· 

10. TO 17. 
17 • . TO 24. 
24. TO 2'. 
25. TO 19. 
19. TO 12· 
12. TO 5. 

IS. TO -1. 

ALL COUNTS . COUNT 1 
13. 72 ••••••••• 
-7,16 -4.14 
12.1 7 15.30 
-,46 1.10 

-9,98 -10.79 
-7.70 -9.59 

-1 6 •42 -1 8 .32 
62.52 60.89 

CJJIjT 2 
11. 86 

••••••••• 
9.40 

-2.22 
-9.91 
-6.63 

-15.20 
!l3.62 

25.79 

COUIjT 3 
17 .38 

. -t ,91 
••••••••• 

4,92 
-8.07 

. -~. 30 
-1 7 • 88 
60.94 

25,35 

COUNT 4 
13·62 
-7.33 
11.90 

••••••••• 
-10.21 

-7.82 
-1 6 .47 
62.'0 

2'.98 

COUNT , 
14. 44 
-7.05 
10.55 
-4.69 

••••••••• 
-12.07 
-19 •45 
60.46 

25.55 

COUNT 6 
14 ,95 
-6.00 
12. 47 
-2.08 

-13.04 
••••••••• 

-1 8 •68 
60.86 

25. 15 

COUNT 7 
16.04 
-4.67 
13.67 
-1. 83 

-13.93 
-11. 92 

••••••••• 
59.95 

COUNT 8 
6,6' 

-15,13 
6,25 
1,24 
-,65 
3,U 

-7,39 
••••••••• 

R.H.S. RESIDJAL.S 

snuusn R~JECTI~1j Or co~~r 8 REDUCES ~.M •• , RESIDUAL TO 7,4 METRES BELOW ACCEPTABLE LIHIT or 1',0 HETRES 

LOC~-ON TIME. 1350 GMT 
EsT; ~AT : -27,8 DEGREES 
EST; ~ONG. 113.8 DEGREES 

COURSE: 328.1 DEGREeS 
SPEED • 9,11 KNOTS . 
GEOID HT IN:. A~TEN~A. 13.3 HETRES 

LONG-TERH orrSET FREQUENCY. 32069,81 MERTZ 
SATELLITE HOVING - SOUTH 
MAXIMUM ALTITUDE - 25. DEGREES TO ~EST 

~ATITun: : 28 12.826' S~UTH 
L.O~GITJ~E: 113 54.543' eAST CO~PUTEO GEOID HEIGHT INC. ANTENNA. -217.8 METRes 

F'IX S~ln PER KNOT I;RROR - ~O~T~ OLAT .060 ' III DLOiliG .268' E 
FIX S~lrT PER- KNOT ERIIOR - '40~T~: .. ST 01. AT ,004' S OLONG .215' E 
FIX s·un PeR I(NOT ERRO~ - EAST DLAT .06~' S OLONG .036' E 
rJX s~ln PER KNOT ERRO~ SOuT":AST DLAf .D8~' S DI.ONG .164' w 
SIoIIFT CAUSED By 100M I::RROR I~ GEllO OLAf ,00 4 ' N OLONG .050' E 
SMIPT CAUSED BY DERIVING DV~ DL.AT .01J' S DLONG .058' w DVN .22 KNOTS TO THE SOUTH 
SHIFT USING LATITUDE-I.O~GITJDE J~L. ., [lLAT ,OO~' N OLONG .115' E 

JlESIDUALS IN METRES 

ALTITUDE NEW GEOID ~ORT~ NORTH-EAST EAST SOUTH-UST GEOID HT ' OERIVED VI'4 INPUT DATA 
3. TO 10. 3.70 20.3) 18.51 9.78 -.78 7.93 3.69 6 •• 5 

10 • . TO 17. -15.17 -15.32 -13 ; 83 -13,10 -13.56 -15.12 -15.10 -15 ,13 
1" TO 24. 8·23 -].7J -·65 6.45 13·43 5.40 8 •. 41 6,2' 
24. TO 25. 1.84 -1.1 1 -1. 95 -.86 1. 46 .99 1. 16 1,2~ 

25. TO 19. -2.36 8.5i 4.43 -2,61 -8.50 .10 -2.63 ·,6' 
1 9 • TO 12· 2,30 6·7 6.64 4.44 1·47 3.4 9 2.34 3'13 
12. TO 5, -5.78 -1 6 • 77 -10.31 -2.14 2.96 -8.0 8 -5.35 -7,39 

••• TO ••• ••••••••• ••••••••• • •••••••• ••••••••• ••••••••• ••••••••• • •••••••• ••••••••• 
II.M.S. R~SIDUALS 7.16 12.31 10.06 6.98 8.02 7.55 7.13 1,U 

.17;131 400 28 12.83 113 54 .. 54 1350 328. 9.1······ 14 S 25. II 32069.88-
l> SAMPLE LlSTI NG OF COMPUTAT ION WITH VARIABLES - LATITUDE ,LONGITUDE AND GEOID HEIGHT 

- .. 

l> 
"'0 

..... "'0 
(IIf'TJ 
2,z 
~O 
~X 

N 



-
::tI 
fa 
n 
~ 
a. 

Z 
0 

\D ..... 
VI ...... 
(1\ 
0 

C) 

• • ID 
I 

'-4 

- - - - III) - - - - .. - - - -B.M.R. SA TELL! TE NAViGATIO~ PROnRA" - rlX ON 1972/07/15 AT 1350 USING SATELLITE 1. SURVEY T!~E 

rlXlD DATA OOPPLEA AND AErRACTIOa. VARIABLE DATA 

82'3928.0 3025540.0 2000.': 29.0 304.0 -15.0 
3n"5'.0 3161'16.0 1996 . L 40.0 30'.0 4 . 0 
16'5067 . 0 3'131:?6.0 1992. ; 52.0 295.0 -10.0 

19847.0 3795844 . 0 20CB. C 61.0 278 . 0 -0.0 
5125.0 4197033.0 2010.a 69.0 253.0 -4.0 

7jQ5416.0 44 791 71.0 2(;05.J 74.0 223.0 -15.0 
6l5541.0 '634322.0 20')8.0 76.0 190.0 3.0 

-55'.0 4711336.0 20CO.O 75.0 154.0 -25.0 
13398.0 72.0 118.0 9.0 

1396U55.0 64.0 8'.0 46.0 
9~991 ~' • 0 54.0 54.0 14.0 

ASSESSHE~T Or R.~.5. RESiDUAL (IN MEiAES) USIN~ LONG-TERM OrrSET rREQUENCY AND REMOVING ON~ COUNT 

ALTITUDE 
3. TO 1l. 

1(1. TO 17. 
17. TO 204. 
24. TO 25. 
25. TO 1~. 
19. TO 12. 
12. TO ~. 
5. TO -1. 

ALL COU~jTS 
13.'2 
-7.16 
12.17 
-.46 

-9.98 
-7.7C 

-16.42 
62.52 

COUNT 1 
••••••••• 

-4.104 
15.3') 
1.1~ 

-10. 79 
-9.59 

-18.32 
60.89 

~5.37 

COUNT 2 
11.86 

••••••••• 
9.'0 

-2.?2 
-9.01 
-6.63 

-15.',) 
63.112 

25.79 

COUNT ·3 
17.38 
-1.91 

••••••••• 
4.92 

-8.07 
-8.30 

-1'.88 
60.94 

25.35 

COUNT 4 
13.62 
-7.33 
11.90 

••••••••• 
-10.21 
-'.82 

-16.4'1 
62.50 

25.98 

COUNT 5 
1 4 .44 
-'.05 
10.55 
-4.69 

••••••••• 
-12.0' 
-1 9 •45 
60.46 

COUNT 6 
14.95 
-6.00 
12.47 
-2.08 

-13.04 
••••••••• • 

-18.68 
60.86 

25.'5 

COUNT , 
16.04 
-4.67 
13.67 
-1. 83 

-13. 93 
-11.92 

••••••••• 
59.915 

25.07 

-11.131350 

COUNT 8 
6.65 

-1'5.13 
6.~5 
1.24 
-.65 
3.13 

-7.39 
••••••••• 

7.35 

- -

".M.S. AESIDUALS 

snnnus ~EJECTION or COUNT 8 REDUCES A.M.S. ReSIDUAL TO 

25.55 

'.4 METRES BELOW ACCEPTABLE LIMIT Or 15.0 METRES 

LOC.-ON TI~e • 1350 GMT 
EST. LAT ~ -27.8 OERREES 
E5T •. LO~G 113.A nEGREES 

rlx TIME • 1 400 GP4T LATITunE 
LONGITuDE 

rlx SHIrT PER KNOT F."AOA - NORTI>' 

= 

nx SHirT PER KNOT ERROR - P-IORTWEAST 
rlx SHirT PER KNOT FQROR - EAST 
rrx SHI,r P~R KNOT EAROR - SOUT~EAST 
S~1f T CAUSED 3Y 10(1 Ii ERROR IP-I GEOID 
SWIJ T CAuseo 3Y CEArVI~G DV~ 
SHU T USI~G L4TrTUDE-LONGITUDE ONLY 

RESIDUALS r~ ~ETRES 

AI. T ITUDl . ~EW DVN NORTH 
3. TO ll. 3.69 20.:'0 

10. TO 1'7.' -15.09 "1'.32 
17. TO .24. 8.'1 -3.'0 
24. TO 2~. 1.76 -1.17 
25. TO 1~. -2.63 8.50 
19. TO 12. 2.34 6.78 
12. TO !-. -5.35 -16.77 

••• TO ••• ••••••••• ••••••••• 

A .... S. RESIDUALS 7.13 12.31 

-17.1314QO 28 12.83 113 54.60 1350 

. C~URSE. 328.1 DEGREES 
SPEED • 9.11 KNOTS . 

LDNG-TERM orrSET rREQUENCY • 32069.88 HERTZ 
SATELLITE MOVING - SOUTH 

GFOID HT INC. ANTENNA: 13 . 3 METRES ~AXI~UM ALTrTUDE - 25 . DEGREES TO WEST 

28 12.830' SOUTH 
113 54.600' EAST COMPUTED NORT~ VELOCITY. 0.00 KNOTS 

01 AT .060' N CLONG .268' E 
01 AT .004' S DLONG .21!i· E 
Dt AT .066' S DLONG . 036' E 
Dt AT .089' S DLONG .164' W 
Dt AT .004' N CL·ONG .050' E 
DI AT . 013' S CLONG .058' w DVN .22 KNOTS TO TWE SOUT~ 
D' AT .01.3 • N DL.ONG .058' E 

NORTH_EAST EAST SOUTH-EAST GEOrD HT · DERIVED VN INPUT DATA 
18.51 9.78 -.78 '.93 3.69 6.65 

-13.83 ' -13.10· -13.56 -1'.12 -15.1D -15.13 
-,65 6.'5 13.43 5.40 8.'1 6.25 

-1.95 -.86 1.46 . 99 1. 76 1.24 
4.43 -2.61 -8.50 .10 -2.63 -.65 
6.64 4.44 1.4' 3.49 2.34 3.13 

-10.31 -2.14 2.96 -'.08 -5.35 -7.39 
• •••••••• • •••••••• ••••••••• • •••••••• • •••••••• • •••••••• 

10.06 6.98 8.02 '.55 '.tS '.35 

328. 9.1 13.3 14 S 25. W 32069.88-
> SAMPLE LISTING OF COMPU TAT ION WITH VARIABLES - LATITUDE, LONGITUDE AND SHIP'S NORTHERLY 
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" --"0 
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I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~I 

I 

10 

20 

2' 

'0 

40 

4' 

'0 

" 
60 

70 

IS 

'0 

'.001l," 8"A' II( iNPUt. ",,'''-INPU1. OUTPUT f T APi4).' APE"! . T ,' •• 1. 
1 h OUO.UPElI 

a •• r II 
a"I"" . ,.n II 

OI.nSIO~ LABELC8,.NA.EIO,.LISTlI' .".LI5T214 •• , ••• r II 
eOMMON/OABl T I Tp ,INDOT. rp. Dr,. EPS I. AD. WI.,. 0"111. COSS . lie. 5 I JIIIS .... , I. 
CO •• ON/UlI 00'1 II. IIEr I' i . 'SAT I 111. 'SAT I 111 .ISi T I III • D~" I. Of 191 ' •• "1 
COMMON" 11/'loDCli OH. XLI T. ttl j, T' f Il OIif . IIILO ... 8H. sv ., ....... IriIOOPlI) . 10 .... , J I 
CO •• OHISAVElrll'INE. 10ENt 131. DrrSET. SUELAT. SAVELa •• G.s.VE.orr'Ue ••• nl 
m:g:~~~w~m~~u~~g~~(~m~~~~~ ~o~~~~:~~:~ m.1l . Al ,.,".IUG. :::~ l: 
CON-ONICONS'lI ".E6.f7.IOM •• OEOAA.AA.I •• rrVESEC , •• rll 
CO.-O.ICO .. STU I.OATM.ISOII'W.IEAS' .IWEST . OU810US.U .... OW. , .. rll 
EQu I VALENCE lAllA AT • TP. , .... I 
D' T.. (II" llIf,1» , C LU"DOC.40' J (LUNS,VE-50). 'LUNO"a"I'. I LUhL TOr ... ~, ,".'11 
D.I'I re •• l.e-.,. IE6.1.e -". IE7-1.E .. 1). (.K"" - 30 ' 86667) .... , II 
OAT A I ~EaAA'O. 017'532'2,i/' .< U.I.03.37. 74 •• I.<r I VEUCoo. 000000051 , • ., II 
0'16 11"011,11." .. "OIl'"I.j SOU'M.711· SOUTII,,(IEUTO.N· USTl. IM.'II 

1 IIWES"'''' WUf) . IDU810U.'1 . 0e91 • W".NOWN.1. OHO I "A .. 'ellU'U. 3. , •• r II 
D'" ILIS'1l1.1i040N'LL 'lrE$ ASsESSED. PAOCESSED AND L1STEDI , •• rll 
D.TA ILISTI11.2"'ONfDlTn rilES ONLY P.OCesSED A~D LISTED I , •• rll 
D'TA ILlS'111.3IO'ONAlL '11E5 PIOCESSED. EDITED rIlES L1STIDI '.lrll 
DATA ILISTIC1.U040HLArr'YDE A"D LO"GITUDE ONL' I , •• rll 
DATA ILIST211 . 2"'OHL~rr'UDe. LONGITUDE 'ND orrSET rlfouENC" , •• rll 
DA" ILIS"11.3,0'OHLlTlt!,DE. LONGITUDE AND GEOID MEIGMT I ••• rll 
DA" ILIST211.4,0'OMLArrfi'DE. LONGITUDE AND .OATN VELOCI'" , •• rll 

CAU eRASET IKI .1000 I 
RlW I 110 H,.. t AEW lID i uNDOC 
, ••• , ,0 

a •• r II 
, •• , II , .. , .. 
, •• r II 

'0 rOA •• 'UMa.1I ... i'll 
•• iI'll ... , ,. .fAD 100. LA'EL.UHE 

lOa '010'''''101 
I' IL .. fLUI , eo . ION'NO .A.IGAI 110.120 

110 .,VEL ., • 00 TO 130 
110 I'VEL • 1 • CALL LOOIl,PILA.fL.HTIN.l.I,lInAGI 

I' UrLAG.EO.U CAlL AlOIT 
110 .CAlL 'OOHIIIA"E.I" 

W.I'EILU.S.VE.100 ' NAOE 

10 AEAD 10. TI"El.TI"U.lLlS' .IPOS 
10 rOI •• "'J10.7.2ilOI 

I' IIDruon • '0.'0 
'0 CALL 'OD,TClDAT5' • CALL TI"fIITI.EI 

'.INT 1'0. 'I"El.TI"E2.llrSTlll.llISTI.I°l,". 
'1 ILI~'21 1'1'05 1.1 01 •• ,. ID6TE. I,..E .LAlEL ..... E 

110 rOI •• "111101111.401 •••• " •••. SATElLITE .nICATioH PAOCAA" .•• lOlt>. 
1 , .... POSITIO .. rilES 'ETWFEN SURVEy TI.ES '.'10.6.' AIIO'.'10 ••• 
1 1111,~' ••• &lO . ,IJI#301 .. .. 0LY ... G rOA ... ,4'10 . 
! lOCIJ.33X,.CO .. PUTATION ' C"MMfNCED ON .,atO,. AT 
3 10I,I,1,I.eit"io,TION rh'E LAIELLED ·.IN.'''10.U ••• 
4 10111.1'1 •• UTfLLITE <l1'S ,AvED O~ 0.·lMo.I&10.IM,' 

1'0 C.ll lIeU'IIITI"El.TINE2.ILlST.rrEOIT.lreIlDI 
aD '0 1100.111 IrENO 

100 CAlL SE'DA" 

CALL snnl 
CALL WELDA"llrVEL' 

CALL 'EDIDII"'II"NE.ILAt.llOH.O~.lrGw' 
co '0 1170. lto, IrOM 

1'0 CALL' OrrAlolr,,"ME.IDEN.i31.0rrsfT .lrL 'or I 
GO '0 1110. ltO I rrL Tor 

110 

no 
310 
no 
no 
360 

110 
lla 

SAVEL., 0 ILAf 
SAvfLON • !lOll 
aN • o,..".nE .... & 
OrrSnf • orrse. 

ILAt • ILIIT.DEaR" 
I"O¥ • • IlO ... DEQ •• 
aWSi"E • ON 

CALL .sSeSSlIl,.DI'dLlSTI 

DO TO 1300. 3U. SII. 3301 Ipos 
CALL 0051 CI~". nON. 0.0.1.0. all. TO .1.NDoP.II I 
CAlL .DS'''~A' .ILo ... o'O'I ' 0 .OM. TO·l.NDO .... ' 
CALL .OS3II~" .ILO •• 0.0 • • 0 .OW. TO,l.~DO •• II I 
CAL ~ 'OS. liLA'. ILO •• SWI. • O. GW. TO .1. IIDOP. H' 
SLa' • IL.,.u"I. • 11 0.1 0 ILO ...... I. 
C'll MIOMh,ud .. all 

l'IILlIT.fO.3 . uo.rrrDI' . fo.11 
CALL U'SA.IIOI · • GO;O 190 
CAL~ LlSrrUCl'OSl 
eAl L ASlISII I IPO$) 
CALL UTSnilll • GO to 1'0 

220.210 

'0 CAll .. 'LII' 
'1111' 3' 

GO TO 3'0 
GO 10 3'0 
GO TO 3'0 

" 'OAOA"llIlol01 . 101I1I11 . 101 •• EIIO or 8Nlrll CO.'UTATIoNS. ' 

INO 

, .. ,., 
, •• r II 
elll.' II 
, •• rll· 
, •• r II 
, •• r II 
.... '11 
••• r II 
.... r II 
••• r II 
, •• , II 
, •• r II 
, •• r II 
..Ir II 
, •• r II 
, •• r II 
, •• , II 
, •• rll 
, •• r II 
• •• r II 
, •• r II 
, •• rrl 
••• rll 
••• r II 
, •• r II 
••• , II 
, •• r II 
••• <11 
,.Ar 11 
, •• r II 
••• r II 
, •• r II 
••• rll 
, •• r II 
••• r II 
.Nirll , •• ,.1 
' •• '11 ,,;,, II 
••• r II 
' •• "1 , •• r II 
••• , II 
,.lrll 
a •• , II 
••• r II , .. ,. . 
1 .. 1' 11 
••• r II 
••• rll 
.... , II 
.... r II 
.... 11 
••• rr. 
IH.r .. 
.... II 
, •• rll 
••• r II 
, •• '11 
' •• '11 
.••• , II 
, •• rll 

FORTRAN LISTING OF PROGRAM BMRFIX 

Record No 1975/60 

2 
3 

• , 
• , 
e 
9 

10 
11 
12 
13 
I' 
U 
16 
17 
11 
I' 
20 
21 
22 
n 
24 
2' 
26 
27 
2. 
29 

'0 31 
32 
33 
3' 

" 3. 
37 
38 
3' 
<a 
'1 
'2 
'3 •• . , 
•• .7 

•• ., 
'0 '1 '2 '3 ,. 
" ,. 
" ,. 
" . 
60 
61 
U 
U •• ., 
•• .7 ., ., 
70 
71 
12 
13 
74 

" ,. 
11 
18 

" eo 
81 
82 
U 
a. 
n 
II 
'11 
II . 
89 
90 

" t2 
'93 
94 

" 
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• e JO'1. I , .. "" M"JIlIJ' ...... ,' 
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01eO,U A'I"bOtlWU 'I ,uCi 01.Ji.nA .. liM" "1 Uti.' • 0.')1 
(CO"O"",""' .. 'd"*10) .. ']A'S"'''''0.,)t) AdU~lJ' "" 
"J~' 1"4~]I11''''a ~"'I"lJ ']'I~ III),.. 1 0.1. ... 0 "UdOl 

U. 01 )'1. 0]1)'·011 , O~ .n 'J."I1'''0:1 14" '"0''' • '''OJ,~''I 

o"no, 1o" a~l ... l '0"'''0'' )'Ij • ., '1I01lll(l;"'1 -", ... .,. 
"'0 Oa"h.tlOA tlO .. ]uO" u,a~ • l· 

'''l:U" .. , .",UI'd ""~~) • lit 
(01 ... .;"1) .U""d (IOU· 1 

0]NtlllIll0) IIIn, tlDJ lUO .... ~ .. ')I AD AUtI'tI • "'.f .... iI'l!'! ~ ... IS'JlO"CI .. 0 ONl " , .. 01 1"lln'1''''0) .,,, .1M.,(.H· .. OJ'" 
""":1e 110.1 11,.." "ll!lO'· .. n, 

(j .. nr.., J" OJ. '1.'" 1'111 • 01l"1 
• l.,'" !I" 4 OU'ddnl 

, .0 .. A"'I'lIIIlnOJ' ad ... , '1l,"'9'w , elM'"'JI • 4n'l00' 'I 
11,.1011 '''11'1f1 r .. ,! ',N lfi1UI"IOIiUI", Cl .. ! 

", •• ". 01J,.1.3 NOUft)A 

("'~IiIII' U 'tI,,, .. ' "0)'101' hn" O.'l') 4n)lOO' iN 11no •• n, 

.11 

"' 

"' 

" 

" 

" 
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" 
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" 
H 
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" 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

II 

I' 

10 

30 

3' 

.0 

., 

60 

61 

70 

,ua·OUTINt TOOIt (lOoTl) 

'MZI !U"IOVflllf[ .['0'''. ' 5 , .. [ OJ,r 'itO" 00'".''' TO ftCl 
INTf.ti'Ufl0NAL 1,&1\,10 .. 110 "'''''1'1'''/00. 

CILL DaTt (l'HL,I.IfJ 
alCOOf (\1, 1'Vl, haLUt) 00."111," 

U 'OR"" (I'. Jl". II" 
f. ~OO! (\ I. Z, . IOn!) "", "".00 

II ,ORMI' (e,' •. 'I • • /., ", .' ••• ,) 

.f. TUIN 

tNO 

SUaROU' '.E NEI'r ,I IT '.El • TlNU, IL 1ST. '~I/IIT. IrE~D I 

o I.E~s/ ON ARRAY I 111. COSSAT I 41. OSA T I 41 
D'.EdION D!Kllil.DAKI11j.l5KI111 
CO •• O_/DRB,' I ,. . 10DOT. rp. Dr,. EPI' • AO •• 10. 0._. COSS'"o. S 'NS 
co •• n,nz, DOPII I. REr ta I. lSA TIll I • 'SA" 111.15. TIll I • rlO l 9I. DE" I 

~g::g:~~! :~!~~m=E ~~ ~~N'\; ~: ~~~:E;~~:Y:t~~~ S:~E~O:?~:~:;E !grrsuE 
CO •• ON'CONST1I ••• £6.n. ~i ••• DEORA. UM' N.r, VESEC 
CO •• ON,~UNI 0' 'N. ~UNOOC. tiINO". LUNl Tor .lUNIAVE 
EOu, WlLENCE 'DE • • ISAT I. I D'., TSAT I. I 1SK. ZU TI 
EOu'VHe.CE CAd ... TP I 
DA" ICDShh-2'OO .• -200 •• 3000 •• 10000. I. I -SA" 12. U. u. UI 
OAT A "SURho 1.1 fLOC.O'oo . O. 

"ENO 0 ,rfDIT • 1 

" IISURT.EO.OI 10.'0 
10 CALL EDlnn,EDIT'OE' 

W:~~O~.~~.~T.TI"EH'VfleCI 70.20 
10 " IfLOC.O~.~T . IOIT'"'-rrvf5ECI 110 . 130 

'0 " IflOC.O •• ~T . IDITIH.-r,vE5ECI 70.130 

'0 RfAO\lUNDOC.IOI TlOC.0 •••• RH.IOOPlII.AErl"."'.81. 
I 'Df~ I /J • DA. III . UK " •• , .1 .111 • 
I MOURI. X" I .. , X'".,. "LA T •• lON. NLON I St4. SV. GN 

10 'OA"AT/'IO. 7 .1111.rI0 .11 .111 .UtO · 11 .I1I/HIO 011.1. 
1 'e,o"a.O,'('9,O,Al1.lr10.1) 

" l'O'ClU~DOCII 30.90 
'0 " f OCHEC'~UNDOCII 100.100 

LOO CAll 'K"661~UNoac.-1I 

cr ITLOCKON.~T"/"f1-"V"ECI 70.110 
no ., IhoCKOM.QT.TJHE2·rlv,oECI 30.120 

Ja IITu' • 0 
R!TU'~ 

,rENe • , 

110 

410 

CAll _EIDATE C T~ac.o •• I DE.fllI.1I 
tNcODffl0 •• 60.lnENTl21. hOCHON 
'ORM4'I'lD." 
DO 470 I 0 1 •• 
'DE~TI31 0 .SATI II 
" fCOS5.~T . CO'SAfI'" 4aO.470 

m~~m . 14 

410 ,r ITlOCKON.lT.'D'TlMe-rIWESEC. 490.130 

tm =~,:~ ~~:~Oi~~;"~~~oc~~!~; ARAn I, I. DOPl' I .Re" ". DE", II.DUI II. 

'10 1 r~::! ~ H~~! i:!;~ ~:~:~ ( ~~f:~~ ~ i~ I ~::; ~l T ~~:« ~~o~;:~ 1 ~ , r I. ON •• 
1 &10 •• AT •• R ••• USING S'TElltTEe.14 .... SUAVEY TJ"E •• F'12.6. 
2 II,lO.,.rrIED DA'"e,91 • • iioPPlEA 'NO Rel'.ACTJOfrta,lOX . 
3 ovAA1A.~e OA" •• 1.811.1QI"tO.I.l01.2r10.I.l01.3'10.' I. 
• 'lI,lOI,'10.1,.O. " rlO . t; , 

"0 RI.'U'~ 

lJO " ITlOCKO •• LT.~DITIOE.rJ;'ESECI 140 . 160 
1.0 CALL fOlTrllfEOIT'"E' 

"Eol' • 2 , RETUO. 

110'01" 170. EDITIHE 
110 rOAMA,C,.10 •• 10UW.,.lDI.-rlX "15SI~G rGA ED!':' OAT' "Te.r15 . 6) 

CAU. fDIf"ICEDIT'HE I 
QO '0 '0 

iND 

Record No 1975/60 

TCD,y 
TOOa, 
TOO" 
TDOa, 
'OOA' 
fOOA., 
TOO." 
TOth' 
TcOA' 
ToOa, 
TOO .. , 

TO".' 
TUoU 
TQO., 
TQO," 

NElTr II 
~HTr II 
NFITr u 
NUTr," 
NE.Tr II 
NnTrl1 
~EI'rll 
Nfnrll 
_Enrll 
NnHII 
NEnr11 
IIUHII 
NE.Tr C I 
Nn'nl 
Nf."11 
NflTri. 
IIUTnl 
NUH," 
Nf.Tr II 
IIEITq I 
NE.Tr," 
NUTrII 
~flTr, I 
NUTr ,. 
IIE.Tr II 
IIE,H II 
IIE.Tq I 
IIEITr 1.1 
IIfITr," 
NE.Tr,1 

Nfl" '" NEITr J x 
NFI"'" 
_EIHlx 
_F.Tr PI 
_FITr 11 
~E.Tr' I 
_EITr II 
.. fiT' II 
IIEITr II 
IIEnr," 

~E.Tr '" 
MU"" 
NElTr," 
_EITr I x 
NElH/. 
lIe.Trll 
NE.Tr I. 
IIEIH'" 
NElTql 
~exTql 

NexTr II 
IIElTr II 
"EITrll 
IIE.Tr " 
"EITr)1 
Nfl"'" 
'-fiT' 1)1 
NE.Tr II 
NE.Tr II 
fIIfl,rl. 
IIIEITrp: 
.'FITr," 
Nfl T, ,. 
"FITf I' 
NFIH IX 
"FIT' r)l 
'tFwHl. 
IffMU IX 
_fIHI. 

• , 
6 
7 
a 
9 

10 
11 
12 
13 
I· 

I' 16 
17 
11 
19 
20 
21 
22 
23 
2. 
25 
26 
27 
28 · 
2' 
30 
31 
32 
33 
3. 
3' 
36 
37 
31 
3' 
40 .. 
.2 
.3 
•• ., ., . 
47 
.1 

•• '0 · 

'1 
52 
'3 ,. 
" " " ,. 
" 60 
61 
62 
63 
6. 
65 
66 
61 
61 
69 
70 
71 

l 
! 

• 5 

• , 
• • II 

1\ 
Il 

" It 

" ,. 
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I 
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10 

20 

30 

'0 

'0 

" 
00 

10 

20 

30 

'0 

•• 

" 

sua_OUTlNE EDIT'UlrIlEDliJ 

DI-E~'ION De-Ill I.OUI1II.1U'II' 
DI_heioN ICAAD!lI ...... ., 11.S'OAE '601.lIS' ,O! 
CO .. ON/OAer TI To .INDO'. r,. 0'" (PSI •• O •••• D ••• COS$. 00. 51N$ 
CO.-ON/I,ll OO,i' •• AE' IIi . .,H, 11'. '$'" 11 •• ZS'" II •• ON"', OE". 

~g~:g:~~!:~;>1m:E ~~:;~,\; ~: ~~~;E~~~:~:~~ ~~ S:~E~;':~~:~:~~ :~rrs", 
EaUIVAlENCE IDE •• 15., I "Y" ."A" oilS •• lS" I , 

g:~ A V:tf;~:I~~~'m I ~~~: .1WOOPPLER .a_v.al ABLE .10m IPS DATA' 
ou. IrtIL.'hO.OI 

I' IUSlrtI60IT·flllAlTl.i 1.1.0(-81 1O.t' 
'0, CALL .OVl!VISTOAE'I •• T'.601 , S GO'O 11.0 
( CALL -OVLhlTP.STOAEI1 •• 60, 

U40 ,iii.' "O.IOENT. 'lOCION. i.RAA"I' .00PlII.REr, I I.OEI' 11.0,", I'. 
1 rs .. II.I'I.!I."RA." 11.5EI, II ,0'" I' .nl' 11""'11' 

'10 'OAM'TUHl.9X,.",M.A. 9AT~ll1TE NaVICATION 'ROGA,,, .. rlJ ON ., 
1 &10 •• . iT •• At •• USING saTELliTe-d •• - SUAVfY TI"E.,r12.6. 
2 II.if ... ,i.EO OjT, • • 91 •• r;OPPlFA '''0 RE'A.CTJO .... 20 •• 
3 OVA. AalE 0.Uo.l.ell.1V".rtO . l.101.arl0ol.l0x.3rl0 . 1I. 
• 311.IOI.rl0.1..01.3rl0 . 11 , 

iNU' eo I 'SET 

to AEAO ~O. ICAAO •• AECORD 
10 rOAo;''''-10.110i 

I' 'acr16011 .0.'0 
40 ,hEOIT • 1.0ho 

A"URN 

'OIPlIC.R0I1I,EO.\ONoEDI"11 1100.120 
100 'lIlUT • rilED" 

oeCOOEllO.110.ICAAO'211 filED" 
110 ,ORO" IrlO.61 

A"URN 

110 I' l~aECORo.~T.1.0.,N'Eeo;'0.GT.311 2'0.130 
110 PlI~' a60. ~REeo.o 
• 10 'OR"" C/.l0K.l0ClH.),. i.COAD NO o-,U.-ON EDI'IIIIG CAAD IS ILLEGAl. 

"0 .to 
U, 

liD 

1 '0 ED" OONE·.II 
00 10 2D 

t::=~'m~·t~s;~~ I ~::i~~O n . ICARD 
raAIlII"C' •• 10C1N-, .,x .• Eoli or _.ilO._ 
D,eOOfllo.l'O. Ic.RO 1111 .IAA" .OeCOAO I 
'OAO" IrlO.OI 
DO TO aD 

ItO 1".ReeDAD.lT.201 170.190. 
1'0 , ,.aECORo·n I 'R'NT 13~. LIST!21.I.IC'.C 

D&eOO! 120. ISO. ICAAOIIII it"PI i I . AeFt II, 
110 ,0.-., larl0.11 

DO 10 aD 

UO 1"N.fCORD,~'.31' 200.220 
ZOO I • ,AEeOROoU S .AIN; 13~. LlST!3'.I.ICAAO 

0,eOO,130.nO, ICAAOIl' I DFI' II. DA"" 'U'T! I' 
no 'OA •• ' 13'10·11 

DO '0 'JO 

aiD I • 1 S PAl .. 13~. LI~T",.I.leAAO 
230 Drcoo~ 1'0. afO. I C.AO 111 I "nUR5 .I"IN .lllT • S.L". ILO'. SNL ON. SM. sy 
ato rORIIIA' (rl.o.r2.0.2cr9 . 0.,U,2r10.1) . 

DO '0 20 

END 

sUaOOUTlNE .EloATE II I ME . lb.'E. I IYPE I 

o I.e., ION 00.'5113.2'. N'fAR! 20 I •• 5' AR' 120 I 
D'" '00AYS'0.3,." .'0 .12ft .'" .111.212 .J'J. 27J .JO'. 3J' .J6~. 

I 0.3,.60.".121.152.182.213.a". 27< . 305.335.366' 
DAT .. (Hl'EAA.196~.2 C 1967 ) .,961. 6C1970 I .5C1971 J ... (1972' ) 
OAT. ,.S,..T'a07. 212651 • 2f7 .2'6." 3061 •• 6.96.182. 21t. 361. 

188.1'.,269,:547, 

GO 10 110,1001 ITTPE 

10 ISuOVEr • ,IME I 10" 1"-(·ISUAYE"'IOO . 0.O.5 
Ir 119URyE"G'.0.ANO , ISUAvET.lT.211 20.80 

~~ :g~~ : ~STA:" 1~~A~~~!E!g~!,o'\Q . :~~::,' 7~~t.! I~YAYfTl 
00'0 "_1.12 
IF '1nAT.ot.NonSlK.,.rCol" '0.50 

40 CONIINUE 
IOn 0 lon.1I00T5IU.JCOl'i IIUA • "EA.·I 
00 TO 30 

'0 UU'Y • ID'T-~DA't'SOC.JCOl;.1000 IfIIO"'H I .-,000 
ENCODf(1DI6D,IDa" IDa,. 

~:m::~::::::~~:;~' I!~~t'· 
60 rD ••• " 1101 

ENCOOf'1O.10.10"EI "E •• • IOONT •• IOU 
10 ro ..... ' f •• , ./.,R'I -/ •. 12' 

AfT URN 

AE 'URN 

100 OfCOQF 110 .110" n. TE I I 'faA. i NOOI". I DAY 
110 ro ••• t, 1'.flU. i2' I 

lio 
130 

110 

ICOL • I , S IF II fYE •• ' ..... Ea . I'EAA' leOL. 2 
10 .. 0 ID .... O .. SIIMO.Tw.leOl' 

DO 130 .'I.aO 
I' 1~'E'RI"·/Ye6A' PO.120,140 
I' 110.'.OT.Nn.R"." 130.1.0 
CONT'NUE 
•• U 

I' 10'UAI.·tI . lT .llE... 150.160 
IfEU • !YUA-l 
leOl.l • l'IIITE •• , ..... EO.rlEAAI leaL' 2 
'Do' • IOAHNOA'5'lldCOll 
I'UAV" • K·l • Ion. 10 .... S'.A".·" 
TIM' • ISURVE'.o.OI.IOlY 
., "D.'.OT.'" TIlE' i.OBO 

A!TU.N 

END 

Record No 1975/60 

801" II 
'EOI"II 
ED Tr II 
fOI'rrl 
In 1'1 I 

EO\Trll '0 'r II 
ED Tr II 

EOI"II 
ED Tr II 
80 ,r II 
10lTrJI 
1i0lTFII ED Tr II 
ED 'r II 
ED ,r II 
liol,r II 
&0 'r II 
ED ,r II 
Eol'F II 
ED ,rll 
nhrll 
IiDI'r .. 
ED "11 
80 /,,.1 
ED Tr II '0 "11 
10 "11 
uhr II 
10 /"11 
In Tr II 
EolTr II 

:gl:~:: 
liol,r II 
fO "11 
EolTrll 
fD "11 
EOI" II 10 IF II 
ED "11 
EOI'''II 
ED· Tf II 
eOI"11 
Eo/,r II 
10 "11 
&O/HI. 
ED "11 
EO/Trll 
ED 'F II 
EO\'''II 
ED 'n I 
EoiTr11 
EOI" II 
ED "11 Eoi ''I I 
EolTF11 
E'D ITr II 
Er.I" II 
EO/"II 
ED "11 
EOIH II 
EO "I. 
ED "11 
EoiH11 
Eol"ll 
EOITr II 
fDlHIl 
EnITr11 

NEIOaTE 
HEleATf 
NflOA TE 
IIfEJrCAfE 
NEIOATE 
"FIDAfE 
OEIOATE 
NfloaTe 
ME'CATE 
·e"OA'E 
NEIOAle 
_FICA IE 
oEIOATE 
NflOA 'e 
NflOATE 
NEIOATE 
OflCATE 
NElDA Te 
NEltA fE 
Ne'CAre 
.. FIOAlE 
NFIOATE 
fIIflOA TE 
HEICAU: 
NfICA'E 
HE.CATE 
NE.taTE 
N~JCA ff 
NflOA 'f 
NF1C;,Ti: 
"EICA 'E 
NEICATE 
HflCATE 
HflCATE 
'ffICATE 
.. EICAre 
oelo, Tf 
oElOATE 
NEIO.TE 
NflDATe 
"fIO.TE 
NfIC.TE 
NFIOATE 
OfIO' TE 
NeIO' TE 
oUOAIE 
OUCATe 
NeID. TE 
NEIO.Te 
.ElOATE 
NelOATe 
NflOA'e 
NflOA fE 
oelOATE 
NEIOATE 
IInOHe 

• 7 
I 

• 10 
II 
U 
13 
l' 
15 
16 
11 
11 
I' 
20 
21 
22 
n 
2< 
n 
l6 
21 
II 
29 
30 
31 
n 
13 
H 
35 
36 
31 
JI 
It 
'0 .. 
42 
43 .. 
.5 '. ., 
.1 
'9 '0 
" '2 '3 ,. 
" 56 
57 

" " 60 
61 
62 
61 
6' 
n 
66 
61 
61 
69 
70 

• , 
6 
1 
1 

• 10 
11 
12 
13 
I' l' 16 
17 
11 
19 
20 
21 
n 
23 
24 
2' 
26 
27 
21 
2' 
30 
31 
3? 
33 
3' 
3' 
36 
31 
31 
3. 
'0 
41 
'2 
U ., 
.5 
46 
41 ., 
•• 
50 

" '2 'I 
" " " " 
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I 
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I 
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I 
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I 
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I 
I 

, 

10 

20 

2' 

30 

40 

4' 

'0 

10 

20 

2' 

30 

3' 

40 

"0 

SUBRDUTI.E SETDIU 

DIME-.SIO .. DEt{(l1J.DA.tll11.IS,Ull) 
COM"C.,OAB" I TP •• MDOT • ., . Orp . EPS 1.10. v_. O" •• COSS. we. S ,"5 
COMIIIO"'I"lJ OOPeI J • AEr ,8 i .ISAT C 11). YSA' C 111 .'S ... T (11) .ONC 9) ,DIE c' I 
COM"'O",' 1./ TLOCICO~. XLI. 1'. til .& T ,llOlll. "LON. 5". SY. GM .... HOOP (e» • '0 
CO,".0 ... ,5,IIE I' •• ' lilliE. I DEN' i l) .OrrSET • SAvEL A l' • s"vELa,.. GtooS,Yf, orrS'VE 
CO .... O .. 'ASSE5S/Sl .. T. SlOHC.@ESIDc9.e».AMS(9) • AL Tt 2.8). At f,U, I , 151 G_ 
cO .... Otl/COI'll$'ll F. •• E6. E7. 1'."'''. DEaR .. , Aa" 1111." 1 VESEC 
CO .... 0 .. 'CO ... 5'21 I NOATH. I Stili''', I EAST. I illEST • DUBIOUS. U ... UIIOW" .. 
EQUI VALENCE (OEw,IlS;, T J. (OAIII. '5& T," IlSK. lSA T» 
EOU'ULENCE IIARI'.TPI 

T'. TP_E' . 
1"00,. ( .. ,001ti£7_3. 0) -nEG., 
rp. r,.E.-DEGAa 
Drp.orPeE7.DEOAi 
EPS ,.eps I'U 
&OIli.OeSO.O 
wN ...... IE •• DEGRI 
OWN .OIlU •• (1.0EGP, 
COSS.COSS·U 
.. O.WGee •• tJIEORI 
51NS.St"S·E6 
OWG,.00'3"26" 
~N&:""-"O 
OIll'UOlllfil-OWG 

,TII4E .I"ODtTLOCKON-1.tiF'.100.01-0.5 
JJ.' S Ir (CITIME/ ••••• Ea.JlIMEJ JJ. '5 
lSI( (JJ ... 2, • ° .31'.ZSK (JJ.J }.O . 7'0.ZS,;; I JJ-ll .. 0 . 125-1SK (JJ.1. 
DO '4D ' J.JJ,1'1.2 
111( f.l' • O. 31'.ZSK (J. 1) -0 . 7'50-15,;; (J-l 1-0 . 1 :i'.,SK c r3' 
CONTINUE 
00 "0 J-l,9 
bh,{JI .OEK'J." baMIJ. _ Ol"CJ.U ZSKIJ' , ISIICCJ_lI 
CONT'"UE 

" • 0 
DO '560 J.l.a 
,r 100PIJI.LT.1.01 ~30.". 
ILTCl.J) - ILTC2.J) U ..... Oilll .. 
DO '540 ';;-1,1 
AfSIOlfC'J' • UNI(NO .... 
CON' ,"UE 
GO '0 "0 
DOPt JI .00Pe J) 'CArr, J)-2DOO. 0' -'''S. 0 ).2'.01". a 
DOPIJI • 00PIJI.0.749'823' 
H &: ~.t I HDopeNI I J 
CONT i NuE 

AETU_' 

SUBROUTINE SET.VZ 

O'MeNUON OEKClI I .OIKI1I1 . ZSKI111 
CO.-ON/OAB IT I TP. IMOOT. r~ . orp . e~s I. 10 .v_. OU . coss . "G. SINS 
CO .... O ... /.'Z' DOP'II. AErtS i . ISI TC 11 I. 'sAte 111 .ZS' Till', ON (9). Offt) 
COM-ON" II/TLOC.ON. XL;.T •••• T, IlON .lIlO .. . IW. SW . G~. N ,"DOP I a I. TO 
CO.-O_/SIVE/r, XT '.E. I DENt i 3 I. orrSE T. SIVEL" • '&VELON. G_SIH. orrSIVE 
CO.-O"/CONSUI f4.E6. E7. ,. ••• OEDRI.RA.'N . r I VHEC 
COM-O'/COOs'21 INOATH.' SO"," ,I EAST. I WEST. DUB' OUS. U'''O''N 
EOu,vllhCf IDEi<. lSI TI. 16 ••• '51". IZSK. ZSI" 

COMPUTE TIME SINCE PEAlCifF 

TLOC •• T.'NSIT~OC.ONI 
Tr J •• INT I ('LOCK.NOOP,,_; ;-0 . 1.0 . ' )-10 
rnlTjJl4E • 'SURY~YlTrJ.' 
TO • trtx-TlOCK S Tl •• 1II00CTLOCK.1640 . 0, 
TI( • Tt-'P 
Jr (T •• LT,.'eD.OJ 59(l.6~n "0 Til: • '''-1'40.0 S 00 'f'I 620 

600 rr "0.0,.1 .. 0 . 0-6.28318"/IMDO" TO' " ' 1<40.0 

610 DO no J O l.9 
DEK f JhDEJ( I J '-E •• OEGAj 
OAK t J' .01';; (J) .10 . 0 
lSMfJ) • ZSlICtJhtD.O 
QM" •• -oor-," 
EIl'lll QIIII(.EPS l-stN' QMt() -DEIIC; :I) 
IKslO·Dlt(eJ' 
UK.I'UCCOSCEIO-FPSI' 
V';;"-C-SUr.cEKJ 
flc.r,.orp.TK 
II(P .tJlhCOS{ rK) -v •• S I ",!rIC; 
,I'.U •• S I ~ erA •• v .... COS 1"(' 
8'h"~_D"H.'K 
IS,T t JJ •• ",PeCftS (8M: ) - "'"P.COSS.S I fill' 8111: I·ZSI( (.J).S I NS,S J to. (8" ) 
YSIT (J) • IMP-S I til C 81() .. l'1(;.COSSeCOS C 8t( J -ZSII: c J J -$ I "S-CDS c BIC I 
IS"TtJ' • ,,,P.S,NS-ZS.' J;'COSS 
TII(=TI(-2,0 

Uo CONTiouE 

AETUQ .. 

ENO 

Record No 1975/60 

SF+DI" 
Sf T(jU A 
Sf fCI' I 
SHeA .. 
SUOA" 
SF'OI'1 
SETCah 
Sf TDI" 
SE'DI'I 
Sf'O"1 
SF'OAT, 
SE'OI" 
SETO"I 
SfhA" 
SETOI" 
SftDITI 
SE TD&" 
SEtDU& 
Sf '101" 
SHOI" 
SfTOI'1 
SftOlT1 
tF;OAh 
SfTOIT I 
Sf TO.", 
Sf'C'''' 
SETCATI 
SETC'U 
SF'OAT a 
SFTC.&r1 
SF 'DA fa 
SeTD"1 
SFTD'" 
$ftCI" 
S~lC'" 
SF'C'" 
SEHI" 
Sf'CITA 
SHO"I 
se'cI'1 
S~'eITa 
IfTc,Ta 
SfTCH' 
SEtCI" 
'fTCA'. 
SfTCITA 
";OITI 
SF'DI" 
'HDI" 
SF'D"" 
IfTC''', 
Sf;C"1 
U;CI" 
SfTeu. 

Sf'UZ 
SE;"Z 
SFT!'l 
SF'UZ 
SETUZ 
seuyz 
spuz 
SF,UZ 
Sf'UZ 
SE'UZ 
S(flll 
SfTII'fZ 
SFfHZ 
SE'UZ 
SF TXTl 
Sf'''Z 
SF'''Z 
SFfITI 
SFTnl 
SFTUZ 
SEU'Z 
SFTITI 
SF'ITZ 
5FTUl 
SFT"l 
SF'UZ 
SF.TUl 
SF,nl 
SHUZ 
SF TUZ 
SFTUZ 
snuz 
SF'XTl 
SfTUl 
SF'Ul 
SE'HZ 
,FT,.,Z 
SFTnl 
SF'HZ 
SFTUZ 
SFTUZ 
Sf;"Z 
Sf Tn Z 
Sf''' Z 

I , 
-7 
8 
9 

10 
11 
12 
1) 
1< 

l' 16 
17 
11 
19 
20 
21 
22 
23 
24 
2' 
2_ 
27 
28 
29 
30 
31 
32 
33 
3< 
)5 
3_ 
37 
38 
39 
<0 
01 
42 
') 
44 

4' •• 
" •• 
'9 
'0 '1 '2 '3 '4 
" 

I , 
-7 

• 9 
10 
11 
\2 
\3 
14 
U 
16 
11 
11 
19 
20 
21 
22 
23 
ZI 
25 
2. 
21 
2. 
29 
30 
31 
32 
33 
3< 
n 
3. 
31 
31 
39 
'0 
'I 
42 
43 ,. ., 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

20 

30 

'0 

., 

'0 

60 

70 

7' 

eo 

SU~.OUTl.E VELO,TII,rvEL I 

O,.£os,OoSTOREI32.12ol 
CONJIION/OAII T I Hi , .MOOT . r llt . Dr, . ~'S I , "0 . Willi . Dw,.. coss . Me . s '-'S 
cO .. "O,OI,ZI DOPt.' .REr f S;. ISATt 11- . lSI.' I U J . lS_ , 111». c: ,, ( 9 J t DE It) 
CO .... ON/' lX,flOC.O" . XL" T . ... J T • - l O" . "lO". 1M , Sv . 0"." , til 001' (.) • T ~ 
CO •• oo,SUI'" IT 'HE . 'DEN; j J I .0rrSE, . SAvEl., . S,vHO • • G~S"f. orrS'vE 
CO .. lfO'OL"HI "'IN . lUHDOC . I .. HC .. . .. Ufli L Tor .lUNS .. VE 
CO •• OH,C005TV 1 •• E6 . £7 . .... . D£oA ••••• ' • • ',YES£C 
COlutO'OCONST21 I NORTH . I StU'. , ... IE&S' • ,wEST . OuR I OUS. UN ... """ 
D"'" • 1ST AAT.O). (CON5tcU 1120 . 0 I . levEl.. -0 . 00202414 j 

If ,'<vEL.LT . JI '.160 

, H,RS' ••• '.l"LOCKO •• 'IIT' .EI 

'" 'SToR'.eO . OI 10.90 

UI BurrE" IN 'MTtN.II (S10AIH).STOAEC1920tJ 
",U.,,'.TlNII '0.220.20 

10 ,.,., 30. STOREIlI 
'0 rOR.,ff/,lOI.10U"e'dOl •• P,lpT ERROR IN RECORD ST"R",.G •• rt, . 6. 
'0 " "',.ST . GT.STOAE'1.60i.flVESICI 10.60 

.0 BUrre" ,. ,.T' • • lI 'STOAfll92l1.S TOAE'UOolI 
",u~'TI."~ I ) 10.220 . 10 

'0 P")~' 30. STOAEII'211 
to f 5' ,lit' • 1 

'0 ,'q"RSI.OT.$'0.111.1201·rJ.eSECI 10.100 
100 .. ' "".ST . LT . STOAfl1.601.flVESECI IIO . l0~ 

10' DO 106 '.1.192 0 
S'O"EII) • 510.,11-19201 

1'6 CONT,~uE 
00 TO 60 

110 T$T, .. , • '1IIIHSCSTORElloll' 
J'II • "'Pll~S,rIJTI"EI-TSI"AT . 1.' 
JSll'" • . T"IHS{TlOCI(ONJ-T~TAAT.l.' , JSTQP. J5TART·lb 
I' f)rIX . GT.O.AND.JS1"Al.GT . OI 180.160 

UO SLAT. -STOAEIl •• J'''' 
COSL • COS'SL,,.DEoA., 

KOUIf' "0 I IrvE L ':1 
DO 200 ","J5TAAT . JSTop . 1 
KOUtf T • MOU"'.l 
Ir UTOREel"J) , lT . DU8JOU!t1 1,0 , 1'" 

1'0 ONIIIOUM') " C-STOAEct9.J;-Sl&' ) .COIIISl' 
DEIIII'~UNTI " cSTnAEC?o . JI.!l:.lOH'.CO$l-CONSl 

2)0 CONTiNUE 

XlA' "SLAT , ltO .. : lIlON 
SU"'~ "DNC9J-DHI1I S !tut4E. OEC91-DEr ll 
sv " !liQRTCSU""".2·SUME •• 2;.CYEl 
5'" " C ","a, 5UME. SUJ"IN I) IDFOR' 
IrcS .. . lT . O.CI' S'" I: SH.3ba . ~ 
I'VEL. ,,1 I RETUAN 

210 "VEL" 3 
liD ,lItr .. , 110, rlXTtME 
110 rOR"',TI/,10X.1(tclNI,.10X,"hO NIVICA'IO~ DaTA AT ' ·,Me.,r16 .6' 

I' (~L.AT , EQ.1H51 XlA' ·KL'" 
Ir I'4LO~ . EO.1H'" KlOtt : -no .. 

EN"" VEL SET 

RSfoi • S".OEGA .. 

R'", • S".K"'"" 
SYN • ASV.COSCA~~) 
S"'f • AS~15IN(AS.d 
00 30(1 J I I,9 
Of • I J-l h2-T !:, 
Ofllfl.,It " DT.SVN 
DEfJI • Df.svE 

JOO co,T"UE 
IIiE T UIU~ 

Record No 1975/60 

YF L OAT' 
VElD'" 
vHO'" 
YFLDAU 
Vf \o DAh 
YELr.Ah 
VHO'" 
YELC,T" 
WELtAT, 
VfLO." 
VELDA'A 
vHC." 
WHO, .. 
wHeATl 
WHC,T, 
vHC." 
WHDAT" 
vno", 
VfLDAh 
VHr.AU 
YFLt.'" 
WELtAT, 
YFL t" 1" A 
VFLCA1", 
YHtAh 
vfleA" 
VElC'" 
Vfl 0." 
YflDATA 
W(-LeAh 
WEltaT, 
~H[I'H 
WHCAU 
YfLtATJ 
WheAT, 
VFleATa 
YFlCAU 
YFl!:AU 
wht." .. 
wFLCA'l 
VH e, TJ 
YELtAT' 
VFLCAU 
vHCA" 
WFL ta fa 
vflca TA 
WFLCAU 
WfleATa 
wfLea't 
VElt,,. 
VHe.,. 
VEL Col" 
vFlt .. " 
WEltAU 
Y'iL tATA 
YHtATA 
'1flOAH 
VHtAH 
YfLtA ,.. 
YFL DA" 
YFLDl'" 
WEltA'" 
VFLCA" 
YF.lCAh 
VFL tA h 
VfLtA" 
'1ft C. fa 
VHta,.. 
VB tAli 
wfa tAU 
YFLc a TI. 
'1F.L CA 1.& 
VHCAT' 
Vel ca u 
Vhe .HI. 
VFL Cl'" 
"'HtA'" 
~FLCl" 
vn t.", 
WHeAl' 

• 7 
8 

• 10 
11 
12 
13 
I' 

l' 16 
17 
18 
l' 
20 
21 
22 
23 
2' 
2' 
26 
27 
21 
29 
30 
31 
12 
JJ 
J4 
J5 
J6 
3' 
38 
J9 
00 
'I 
'2 
'3 ,. 
.~ 

•• 41 
'1 ,. 
SO 

'1 S2 
53 
~o 

~~ 

'6 
" '8 
59 
60 
61 
62 
63 
6' 
65 

•• 67 
.1 

.' ' 0 
'I 
12 
'3 ,. 
,~ 

' 6 

" , e '. eo 
81 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

... 

10 

20 

25 

Jo 

40 

10 

20 

JO 

40 

50 

60 

65 

SURROU' htE GEO J ntH t r 111'1 I .. ' • II:L" TIll ONG. HE I GHT • ~OVAl I 

OI'E'SIO~ CH151.711 
CO""'ON/LU~I "'IN.LUt.lDOC., IINGH.lUNl Tor .lUJriS"VE 
DAT, r UTAAr.O) 

""STAAT.EO.OI 10.60 

10 Ahl.O ioU_C. 

DO 20 , • 1." 
JI: '-10 I J. 1C-9 
Bur reA 1"'lU~GH'l' Icw'1.·I"OHI'l,K1J 
IrIU.ITI\.u~c.,1 20.JO.20 

ZO CO~TI.UE 
Bur'ER INCLUNOH.11 IGW(1.'lJ.GHI51. 711' 
IrIU'ITllU~CHIJ 50.JO.50 

SO PA .. T 40. lU_G. 
to rOAMATtII/.IOU ... ". EOr rOl·kD ot. GEOID HEIGHT flLF O~ LUN-,13) 

CAll 'BOAT 
'0 !S'UT 0 I 

'0 ALA' • -XL"T.1.0 
ALO.C , XlO'G-99. 0 

70 lATt • RlAT.O.OOOl i ONG1 • A,-O~G·O.OOOI 
LAT2 • lATi"l 'I Oh02 • LOfllGl·l 
IrILA T1'lT .l.0A·L,T2.GT.51,90." 

75 IrllO'Gl.lT.1.0R.lO'C2.GT.711 90.80 

10 01011 • GHClAT1.LONG1'·IGloIci AT2.LOhG1J-GHfLA'1.lOt.lGl')eIRLA'''LA T1' 
GM' • CMelA T 1.lftNG2). (G"'i, ,,'Z.l OHG2) -OHeLlo' 1. LON(2) ,.ULA !"ll '1' 
HE1GW' • CGH1·(lfH2-GH1).,iLO,.G·lO"Gl))·O.304S 
,.OVAl • 1 S RETURN 

'0 PRI-.' 420. rIXTIME.XLAT.XIOfliG 
410 F'OR"1Tt/,IDX.l011H.).10X.e"ll A,e."15.6.. L'T •• r7.2.. LONO •• 

1 'e.2,. NOT WITH'~ AA~GF or AVAILABLE GEOID MEIGHTS.' 

NaVAL. 2 

ENO 

SUB ROUT INE orrAFOC r liT IM~. I DE~T ,orrS£T • IrL Tor I 

CO""O~/O"'REOI I SUAv. ~S'T. ~VAl • ISAT~U"I').l TOr 121.' I 
CO"'''O'''/LU~I MT I'" .LUNDOC.I IINCH.l Ut.lL Tor .l U"'SI vE 
REAL I TOr 
DATA IISuRYE'hl00001 

NSUQ\fEY • rll"14E.O.OOI 
Ir(~SURVEY.EO.ISU~YE'" IOn.10 

10 ISURIJEY • ""SUAVEY I AFwlND LUhlTor 
10 BurreR I"ClU,.lTOF.ll dSURv.NV .. U 

IrcU~ITlLUNlTOrlJ 50.JO.'0 
SO PAl" 40. I SURYF' 
.0 rOR~&TI/,10)('10(lH.' •• for ON OFrSET READ· SURYEh.I:- •• ,",OT 0,. LT 

lOr rlLFo) 
STO- 50 

'0 Ir"SURY.EO"SURHYI GO Tn 00 
CALL SKIPUllUNLTOr.t I 
GO TO 20 

60 BurrEA INILuNLTor.ll (JSA" .. UM(lI.JS'TNUM(~S"TII 
Ir,U.lTllUNlTOrll 80.70.8" 

70 STO- 60 
S:) BurrEA 'N(LUNLTor.l' Il Torll.1 I.L TOrunu'''SA T I J 

JrIUIfJTCLUNLTOr" 10C.9t.,t10 
90 STOD 70 

100 DO 110 I. l,ltS&T 
Ir tlnE~T,~O.ISATNUMIII' 1]00110 

110 CONTI.uE 
PAIOT 120. IDENT 

120 rOR .. ,TI/.I0ll,10I1H.' •• s.i.'HLITE hO._.ll._ ~OT rQu,,('J r", L'or rtLEe 
1 ,,, 

1F'l Tor. 2 RETUA~ 

ISO ISH 0 I 
RD'" • IrlJTIME-ISURVF"'eno.o 
J: I AO""-1.0",.0-1.000; 
'F'IJ.LT.l,OA.J.1.GT.NVAl'1400160 

ltO NOA"S • I~YAL-1t.'-l . 
PAI ... T 1'0, rlxTIME.~DI"S 

1'0 rOR",,,I.l0X.10I1He) •• riJ'T'Mf.,rl0.6.'JI •• 1 'or riLE: O"'l' ~lTE .... DS T 
100,,"e.Ud' 

Irl Tor. 2 RETUJlN 

160 101' • AD"·O.l 
AMQUIt. CAD'''-lnA'hl00.0 
JHOUq • RHOUA-O.l 
JI'''I~ • CAHOUA-I ... OURJ·I0 .... 0·u.1 

LASTOA' • IJ-lhl}·l 
MIN. IID"-L'STD'Y'.1440.'''OURe60-IMIN 

IrII.TDF'C-J.ISAT) ,EO.o.O.OA . l TOrIJ.l.IS"T, .EQ,O.rl 170.190 
110 HExTOA' • LASTO,,"·' 

PIIT ... ' teo, L'STD,Y.~fIl'TOA ... ,I!i"'T~U"(IS"'TJ 
ISO rOR",TCI.l0X,1011H.' •• Nn iTor Av,llUtlE BETwEEN 0 ..... S •• 13 •• ,-'Oe. 

I 13,. rOR SATEu.ITf •• 13./t 
Irl Tor. 2 S RETlJHfrrt 

190 orrSEf • LTOrtJ.IS,f).IlTnrIJ.I.rSAT'·lTor,~.ISAT"."'1""/7}OO.O 

RE TURh 

Record No 1975/60 

GF8 I OH' 
GEOID.' 
GEOID.' 
OEOID.' 
GEO I DHT 
GEOID.' 
GFO IOHT 
GEO I DH' 
GFOIDMT 
OFt) I OHT 
Q~O 10M' 
0'010.' 
Of 0 I 0"" 
GFOID., 
GEOIO.' 
GFOIO.' 
GFO I OH' 
GFO'CHT 
OFO I OHT 
GEOIDH' 
GFOIOMT 
GFOID.' 
GEO I D.' 
GFC:IIOHT 
GEOIDH' 
OFe IOIoiT 
GFO I OHT 
GFO I 0.' 
GfOID.' 
GFOID.' 
CFOIDHT 
GEO I D.' 
GFOIDMT 
GEOIO~T 

GEOIDHT 
GFelDHT 
GFOIDMT 
QFtJIOHT 
GFOIDMT 
GEO I 0.' 
GfO I 0.' 

orrAEO 
orrREO 
orr.fO 
orrREa 
OrrREO 
orrAEO 
orrREO' 
Or,REO 
or,REO 
orrAEO 
orrAEO 
Or rAEO 
orrRfo 
OrrAEO 
o,"rA£O 
or rREQ 
Dr rAEO 
orrREQ 
orrAEQ 
or'REO 
orrREO 
orrREO 
orrREO 
orrAEQ 
OrrREO 
or rRED 
orrAEQ 
orrREO 
OrrREO 
o,"rREO 
orrREO 
OrrAEO 
orrPEO 
Or FA EO 
OrrREO 
or ,REO 
Or rREO 
Od'REO 
OrrREO 
orrREO 
Or rOfO 
orrAEQ 
0' rREQ 
Or rREO 
OrrREO 
or 'REO 
orrREO 
orrAEO. 
or rREO' 
orrREO 
orrREO 
orrREO 
or FREO 
OrrREO 
or rREO 
orrREO 
orrREO 
orrREO 
orrREO 
OrrREO 
orrREO 
O<l'REO 
orrREo 
or rREO 
orr~EO 
Or rREO 
orrRfQ 

o 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
Ji 
J2 
J3 
J. 
J~ 

36 
J7 
38 
J9 
'0 
41 
42 

• 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
1 6 
17 
18 
19 
20 
21 
22 
2J 
24 
25 
26 
27 
28 
29 
30 
31 
32 
JJ 
J4 

" l6 
37 
38 
39 
·0 
41 
42 
4J 
.4 
45 
.0 ., 
4a 
.9 
50 
51 
52 
~3 
5. 
5~ 

56 
57 
58 
59 
60 
61 
62 
OJ 
64 
O~ 
60 
07 
68 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

10 

3D 

40 

4' 

50 

60 

10 

, 

10 

20 

2' 

3D 

40 

4' 

SU •• OU"N£ oSSESSIl1 rID l1.1l1SlI 

DI.eNSION NSETI,' 
COMMON/UlI DOPlII .AEr I Ii .no" 111. '5" 1111. zs." 111. ONI9 •• DEI91 
COM MO. I' I./TLOCWO ••• LA T. oii" no ••• lON. , •• SY. OM. N. NDOP' I ) • to 
eOMMON!&SSESS/SLO T. SLONG. Aes I 019.8, • AMS 19 •• Al" 2.8' • At 'MH. 1510. 
eD.MON/CONSTlI 14.16. E7 . ,~MM. DEOA' •• ,M I N. r I yUEC 
COMMON/CON5T2I INOATIO. ISOUT •• lEAS' • I WEST. DUa 10US. UNONOWN 
DAT A UCOUNT.'"COU',,). C DM'I_t' . 0' 

DMIN.,.DUO 
COlL . 'OS 1 ULAT . rLON'SY",~YE . GM. TO.I.NOOP. N) 
l'IRMSll'.LT.DM .... ND.llIsT.EO.3 •• ND.IrEDIT.eO.I. RETURN 
" lI~tlt.LT.'.0 • . JrEDJT •• O. 2) PAINT 10 

10 I ~~::oD~:i:;' ;:~:~~:~~N:N8; R:;'~Y ~ i.G R~:~ D~~~N~~ ~ ME TRes 1 us I NG 

10 DO to •• a." . 
NIE""1I • NDO'UI 

'0 CD." NuE 

DO lQO .. , •• 
filS D("·I, .. OO'(I'" • u ..... " .... 
eu L PoStl'LA'. rloN. sy".!We. aw. TO •• '1. NseT •• -11 
NSE'I.' • NDOPli) 
Ir IA.SIK'II.LT .DMIN) 90.100 

'0 D"I" • _ .. SC._1) S ....... . 
100 CONTI HUE 

" IIl1ST.lT.3 . 0R . JrEOIT.FO . 21 !20.ln 

110 PAINT 13o. II(OU~T,NDo"uq.K.l,N) 
1'0 rOAIIf,'C/"r,.ALTI TUOE_.7r •• ALL COUMTS·.31.'CA5.J3.4. } ) 

H1 ... -1 

~ZI~J\~~~i:LTII.J)'I'I'1' .IAESIOII.J' 01'1.01' 1.0 '0,. .... "'.,,.'.0,. TO •. rJ.o.5J . Olr9.2 . lll) 
110 CONIINUE . 

'.1111' t60.t lll"Srl,.I-l.Nl, 
ltO ,OA_"fe/.31 •• A ... . S. AESfOil.llS ••• .,9.2.31') 

lie I' IA.sl1'.lT.D •••. OR.lrEDIT.EO.2) REIURN 

.oH~'E • NDO'fOMIN) 
ALlCl •• 0ELETE' • AlII2.oDFlfTE) 
DO i.o "'_1,9 

· ResIOIJ.ODE~ETf' • UN"O.W 
1'0 CDNIlouE 

N"II-l 
DO lOO II{.I(JIIIIJN,~ 
HOOP C., ... DOP OC.l' 

200 CONT i NuE 

I' IDMIN.lT.DMH) 210.20. 

• UNKNOWN 

~IO "C1LJlT.lT.3. PRI.T nO •• OELE'E.DMIN.DMU 
ZIO rOAN,'fI , 10r.l0ClHI),lDX •• AEJECTION or eOUNT •• Il. 
l' REDUCES A.M.S. REslDUh To •• r6.1. 
1 • "EIAEs • BHOW .CCEpTABlE LIMIT or •• " . I •• METRES.' 

RETUAN 

240 A"Sil; 'DMIN 
DO ''0 K.l,N 
R!slglt.O' • AUID,".,N.! •• ) 

2'0 CDNT 10uE 
I' IIL1ST.lT . 3' PRINT !71.KDElE'E.DMI0 

170 rOfl"~T(f.l0l',1011N'},10X,~AEJECTION or COUNT.' 14, 
1. q!DUCIJfC A. M. S . RfSIDUAL TO.,rO . 1 •• JIIIIETAES.I 
"" . OT.31 60.2eo 

260 ;RINt · 210. DMIN.TLOC.ON 

lOoG-

2'0 rORNATl/.lOK.10fl N.).10"'UNUlE lO REDuCE A •• . S. RESIDU'l BEla.', 
H6.1 •• METRES rOR rl •• T •• ru •• , 

ReTU_N 

END 

SUBROUTINE ASSESS2f IPOS' 

DI.USIO. llsTI .... Tlet 
COJIINON/r t./TLOCII{O~. XL" . .,1, A' ,Il 0 .. . NLON. SN. SV. GH. N' NDOP(I) . TO 
CO .... O.,'S,l vE,r 'IT I ME. I DENT 13', orrSE' • SAYELA T I SAVELO", C .. SA 't'~. OrrS,lVE 
CO,,1I0t.l,ASSESS/SlA T • SL ONG ,iES I D , ••• , .AMS ct,. ,n T C2.'). Al 'M' •• IS. GN 
CO .... O.,/COHST1' 14. E6. E 7 . ....... DEOR'. R'"I", r I VESEC 
DATA 11'1/)01'2.71 110. NOR'M .IONNOI!N-EASI.10W E.SI 

1 I~HSOUTM·UST.ioM GEOID N' .IOMDERIYEO V_, 
OAT. fL IShUNlo'UT Do,..ioMHE. orrsE, •• NHew GEOI0.9. NEo DVN, 

/Tfl) • L1STI/,oSl 
aw.ee, • ON • orroee;. orr SET 
aw • O_IAVE • orrSET. orrs.YE 

" I"OS.OT.II 10.20 
10 CALL 'OSIIKlAT •• lO •• O. O.§.O.OH.TO •••• OOP.N) 

SavElA' • 5LAT I Sl.A'.1I Xl'T .... " ... 
UYflO •• SLaNa I SlOWG •• LO.·R,MI_ 

10 CALl. EfitRO.(.30 • • '. 0.00. 0.0,1.2. 
CALL. IA"OAC.21 •• 3,·21.8J. 0,0.2.3) 
CAll eRAORI 0 . 00 •• 30.11. 0.0.'.4, 
C'Ll tRAORI.21 • • 3 •• 21.83. 0.0.4.51 
CAll EfitAOR( 0 . 00, o.oo.JOO.o.,,.., 
COLL eAAOAI 0 . 00. 0 . 00. 0.0.6.1, 

" lI'OS.Eo.ll 100.110 
100 C'lL eRAOAI 0.00. 0 : 00. 0.0. " 8 I 

00 TO 110 
0.0 ..... 

11181 • ,. AvaE VEL I 
UO CALL 'RIORI 0.00. 0.00. 

no 
JlO 

240 
2'0 

110 

11111 • !OWINPU! OAT. 

PIII)NT 230. flTt n"-1.81 
'OAMA T C 1.19X ••• &5 I DUAL s Ii; ME'.ES • • 11. , ••• 'l 'I H'DE- , ) ••• , .. I . AlD') 

~~I!'O 200~'~~~ TlI.J) .1'1." .IRESlDII.J'.I"'" 
'ORMATUr.".o •• TO •• r3.0.8".,".211 
CONTINUI . 
'AINT 260. IRMSIII./oI"1 
rOA""c/".,.", • • S. RaSIDi'Al.S .,.,r'.2.,.I) 
OM • ONMUP I orraET. OrrMUP 

~"U_N 

END 

Record No 1975/60 

ASSESSI 
ASUSSI 
ASSESSI 
ASSESSI 
'ssesS! 
OsSEsSI 
OSSESS' 
ASSESS I 
'SIESSI 
ASSESS' 
ASSEsSI 
ASIESS, 
ASSESSI 
ASSEssl 
.SSEsSI 
ASSESSI 
ASSESS' 
ASIESS! 
ASSESS I 
ASSESSI 
ASSESS! 
.sSESS, 
ASIEsSI 
ASSESS' 
.sSESSI 
ASSESSI 
.SSESsl 
ASIESS, 
~SSESsl 
ASUSSI 
.sSESSI 
'sSEsS! 
.sSESSI 
ASSESS I 
ASSES51 
ASSESS, 
'SSEss, 
ASSESS' 
ASSEsSI 
'SSESs, 
ASSEsSI 
ASSESS, 
.sSEssl 
ASUSSI 
ASSESS, 
.sIESSI 
ASSESS I 
'SSESSI 
ASsns, 
ASSESSI 
ASSEsSI 
'ssESSI 
ASSESSI 
ASseSSI 
.SSEsSI 
ASSESSI 
.SSEsSI 
.SSESS! 
.SSESsl 
ASSESS I 
.sSE 55, 
ASSESSI 
.SSESSI 
'SSESS, 
'SSESSI 
.sSEsSI 
ASSESSI 
'SSEsS, 
ASSESSI 
.sSESSI 
.ssESS' 
A"ES51 
.SSESsl 
AssEsS' 
'SSESS, 
A55Essl 
.sSESS, 
'SSESSI 
ASSESSI 

.5'ESS2 
'SSESS2 
AsSESS2 
ASSESS2 
ASSESS2 
'SSESs2 
.SSE 552 
.5IESS2 
ASSESs2 
AsSESS2 
'SSESS2 
'55£552 
'SSEsS2 
.55£552 
.SSESS2 
ASSESS2 
'SIESs2 
.SSEss2 
AsSEs52 
'SSESS2 
.sSE 552 
osSE SS2 
.sSEsS2 
.SSESS2 
ASSESS2 
'SSESS2 
ASSESS2 
.SSESS2 
.SSESS2 
.sSEsS2 
OSSESS2 
.sSESs2 
.SSESS1 
osSESS2 
OSSESS2 
ASSEsS2 
ASSEsS2 
ASSESS2 
'SSEsS2 
.sse S52 
ASIES51 
.SIHU 
ASSES52 
'SSESS2 
&S1E5S2 
ASSESS2 
ASSESS2 

o , 
6 
1 

• 9 
10 
11 
12 
13 
14 
15 
16 
17 
11 
,9 
20 
21 
22 
23 
20 
2' 
26 
21 
2. 
29 
30 
31 
32 
33 
H 
35 
3. 
31 
31 
39 
00 
01 
01 
03 
H 0, 
_6 
41 _. 
49 
50 
'I 
52 
53 
50 . 

" 56 
51 
58 
59 
60 
61 
6:i 
63 
60 
65 6. 
61 
68 
69 
10 
11 
11 
13 ,_ 
15 
16 
11 
11 
19 
80 

2 
3 
4 , 
6 
1 
8 , 

10 
11 
12 
13 
10 
I' 
16 
11 
II 
19 
20 
21 
22 
23 
24 

2' 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
31 
31 
39 
00 
41 
42 
03 
H 

4' o. 
41 

4' 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 

10 

15 

20 

30 

40 

50 

10· 

20 

2' 

30 

35 

40 

4' 

COJUO"ll,l(,ZI Dopra). REr (8) ,1I:5ITI11) . 'f SATll11 . 1S, TIUI. rlllll(9" DE (lin 
CO",IIIIOI\I,' II/TLOCI(O~. Xl" T .... ' .. T .llOh ."LON . s ... . sv . c; .. . N. hno p 181. TO 
CO".O~/SA VE Ir I XT II4E • I Of"''' J 1. or rSE T. SAvEL' T .51 vEL 0,... CI-o$& 'If ,orrSAVE 
co,,"olilj',SseSS/SLAT .SLO~G ,AES I 0 (9 ,8) ,R"5 19). 'l • 12.8). 'l T,u .. I IS I G~ 
COIIIIIIOfll/CONS '11 ~ ... E6. E' .... _",If. DFGFlA. Ra. I '-I. r I YESE C 
CO .. -O",C01lll5 '21 r .. OATw. I SOllr.,.. IE &ST • I WEST. DUBI OU 5 . UJU(N('1I11l11 

L'BF!..t • r~OATH 
I,.&SFI..' • IEiS T 
LABFL3 • INOAT~ 

LABEl,. •• IE'ST 

Jf SKLAr,lT.e,o' LASEl1 I !SOU"w 
If ULON.l1 . 0 . 01 LABELl: IllEST 
If rlS&YI9, . LT . ZSaTt11) LABEl3 ISOUTH 

aLIT .... S~Sl'TJ 
liY • Dl"'/60 . 0 
LOOG • DLONG16?O 1 
E"COOFtlO.l00.ITIME ' 

100 rOA.a"rlD.61 

If IISICW , ll . O) I,.A8EL4 = IwEST 

D'ONG aS5'SLOOG' 
OlAf ~ DLIT-60.0-lA' 
Oloha • DlO"'G"60 . 0.l0~G 

r I .TlttE 

PA 1IiII' 110. tDENT r 2). SW. OrrSAYE . SAVEl" T • ifill .. t . $V . LABEl:). Sav FlOJrjl. 
1 ifill D~.cwS'vE .AL HIU; ,LABEl •• I' IJIIE . L' T .Cli T .LABEL t.LONG . OLO .. '. LaaEl 2 

110 rDAlIfIIlfC/.lrlr,.LOCIC-ON TIMF =: _,AIIt . _ Glith, 
1 11 ••• COURSE ••• r6 . 1 •• QFGAEE 5 •• 
2 17K.HONe·TERM OFrSET rA'QuENCY :I -.re . z.- loIegTl.". 
31 lOI.tfST. LAT •• ,r •. l._ DEGREESe.AV. 
" 51 •• SPEED ••• r6.2 •• KWOTS-, 
, lVI,.SATELLITE MOVING -.,A9,I, 
6 lC1I.d:ST. LO"lG .... r6.1._ DEGREESe , A9. 
1 51._GEOID HT IHC. uIliTE ......... r~ . :. •• IIIEfAfS. , 
• "1 ..... arl .. UM ALTITUDE -.,r4.0,. CiEGREES TO_ , RQ,II. 
9 It'I •• ru: TIME • _,R",_ r. ... h. 

'X,.LATITUDE ••• 14.r?).A8.1. 
".,.LOfllOJTUDE ••• 14,r;.3'''8) 

00 TQ (200.140.;60.180' 
140 PAIOT 1'0. OrrSET 
110 rO ..... TC 1 .,. •• 70 • • • COMPUTEO 

00 TO ~OO 
110 PAlO' 170 . 0" 
1'0 rOA .. 'TC1W·.'O .. . . CO"PUTEO 

1 • "ETRES-, 
00 TO ~OO 

110 PO , ,, 190. SV" 
1'0 rOA .. 'TfU.·.'O ..... COflilPUTED 

roo PA,,, 210 
210 rOR",f!10 1 , 

AETURN 

ENO 

i.os 

~ORTW vel DC I n 

SUSOOUT INE EAAOA. DYN. OYE, DG". I TYPE. 'OUNT, 

DloE.SIDN LASE1I4.8' 
Co","o""r 1./TlOCI(O~. XLAT .~I. j T, lIlO~. HLO"'. 51-4 . SII. ~1ooO. N. ~DOP 181. TC 
COI"ON/S.lYE/r I XT I",e. I DENT I 3 I • orrSE T • SAvEL AT . SA vElOa.. Ct-S HI-, ~rrs AvE 
CO"'JIIIO""ASSESS/SlA T. SLONG .ieS I DC 9. e) . RIIIS(9). &IT' f 2.81. AlT'JIII.II, IS IGN 
COMIIIO"'/CO"'5Tll E •• E6. E'. VII'N". De ORA .IUM t "'. r I liE SE C 
Co ..... o .. /CO~S'21 I NORn~. I SO I'/T H I I f A ST. I wE ST . DUSI oUS. UNI(~rW~ 
OAT'A fLASEl(1r1h40HrIX ~':'lrT PEA 'HIOT ERROR . 'lOI=lTH 
DAT .. tlABELC1.2, •• OHru $wlr, PEA I(-.OT' EAAOQ • lIIORTwEAST 
DATa fLABELC1.3h40HrIV s.:.,rT PEA K~OT EliIROR • EAST 
DATa fLA8ELCl •• ,.4oHrIX ~':'Jri PER ""'OT EflqOA • SOUTHEAST' 
OAT, fLABELCl,5) •• OHS .. lrT CAUSED BY 100M ERIO" IN GEOID 
DATA flABfLC1.6,.40Hswlrj CAuSED 8y DERIVIPIIC O v ~ 
OaT, nAIELC1.'h40HswlrT CAUSED sY USIIIG .AVERAGe YFl CCJT T 
DATA nAaELCl,a'.40HSwlr; USING laTITUDE " lO"GI ' UCE O~lY 

00 TO (10,la.t'J.10.10.?".~;'\.4 0 ) PYPE 

10 CALL ~OSt "\.4T . ILON.OIIN . DVf . CthOC'" Tt. "GUNT . "DOP . N) 

10 CALL 'OS.IILAT •• lO" . EVN.O. ~ .GH . TO ' ''OU .. T.'''DOP . ... ) 
LaBEL! • INOATH S Ir rEvH . lT . O.O) laeEll : ISOUT ... 
Dlrrw ... ABS(EVN/lkN"" I GO TO ' I) 

So tAL~ YELSETCUU' 
CILL POSt CllAT, 1\.0".0.0.0. r) .0 .... TO .. IOUNT .r-DOp . .... ) 

40 .LaY • SLAT/AA"''', 
XL 0 ... SLDNO/RA"1N 

HAT SavElAT 
~LONG • SAVElO .. 

Oi..nNG : XlON.RA"," 
DLiI"G • DLONG-5LO~G 

GO TO 10 

GO '0 10 

'0 DLA' • • LAT.AA"'1_ 
D~lT • D~"-5~lT 
"aae:l1 • I .. OATH 
~aef~' • lUST 
O".T • ABScDLAT' 

I, (OlAT.lT.n . O' I..A8Ell" ISOUTH 
Ii fOLONG . L T . O.OJ LA8El2 • IWEST 
DliI"G aSS. oLONO' 

PAI~':' 10. CLASElcl,IT'f'PE, . J:1.4I , DlAT.lASEll.DlO .. G.lAPEL2 
10 rOAM"T CiO., .'10 •• 0 .. 1. T •• ra . 3. ,3. S ••• OLONG-. r 1.3 . .... 3) 

I' ( ft,PE.fO.6. PA I NT 110 . Olrr~".l.8ELl 
110 rOAM .. Ttl .... 00J •• Dv ..... r7.2 •• K",OTS 10 T"f •• A'} 

£"0 

Record No 1975/60 

L I' Tr II 
LISH,. 
L I SH II 
lISTr,1 
LISTrII 
\..1 STr III 
L~STrJ. 
L I STr ,I 
L ISH 'I 
L ,STr I J 
LISTF' ,. 
LISTfII 
LIS rr III 
LI!TrII 
~'STrII 
~'S"II 
\..1 STr ,X 
~ISTrIl 
L r 5 Ir, J 

L 'ITr II 
"ISTr III 
LISTrIX 
llSTrJJ 
~'STrI' 
LlsTf11 
LlSTrII 
L I STF' J J 
LISTrJ)( 
USHlr 
LISHJI 
LIS"'" 
\..' stF' J II 
LISH II' 
llSH II 
liS if II 
L I S T, J I 
LISHllI 
llSlr IX 
LISH JI 
l l STrJI 
usnll 
L J SH' III 
L ISH III 
L ISH III 
II Str 'll 
II STr Ill' 
l.IS'" IX 
LlSTrl1 
LISHU 
~, STr II 
L I STr II 

e.ROR 
EAAOR 
EAlileR 

EAAtA 
E.ROA 
fAAO. 
eARCA 
EAAOA 
EARCA 
IERACR 
EAIOR 
ERRCA 
EA.CA 
fIolAC5» 
fARCA 
ERACR 

f5»AOA 
fARCR 
ERA CR 
fQAOA 

fRAGR 
ERRCA 
ERIOR 
E •• OA 
EIIIACR 
ERROR 
ERRCR 
EIIAOR 
eRAOA 
ERRCR 
fAACR 
ERROA 
ERAOR 
fAAOA 
IUOA 
IUOA 
fIlAO. 
eAAOR 
ERAOA 
EAAOA 
EAAOA 
EAACA 
EAAtR 
ERICA 
ERROA 
eA.OA 

• , 
1 
9 

10 
11 
12 
13 
14 
15 
16 
11 
18 
19 
~D 
~1 
n 
23 
2' 
25 
2. 
2' 
21 
29 
30 
31 
J2 
JJ ,. 
J5 
3' 
31 
38 
39 
'0 

" 4~ 
oJ .. 
.5 .. ., 
'1 
49 
;0 
51 
52 

• 
5 

• 1 
8 
9 

10 
11 
17 
13 
I' 
15 
I. 
11 
18 
19 
10 
21 
21 
13 
l' 
25 
1_ 
27 
28 
19 
30 
31 
12 
33 
34 
35 
36 
37 
31 
39 
40 
41 
02 
03 .. 
• 5 4. ., 
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I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

20 

30 

., 

60 

6' 

70 

'0 

90 

100 

$U9QOUT hE POS1 (ALA'. RlO ... SVN. StfiE. ON, TC' . "OUNT. HOOP. N) 

DI.E,SI0.ODOP '8. 
DI~f~SIO .. Ae2, 2, .Bt 2 ' 
CO .... O", ... · Z, DOP(8 ) ,REf 18 1 . XSiT (1 1 J ,"Sa : III J . IS,' (Ill.rlrie 0 1,0£ 19' 
(0",,,,),,,,,5 .. YE/r I Xl 1"'£ • J OE t4 ; i 3' ,~r rSE , • 5 nELA' • S. VE\.O~. G ," S'V~ ,or rSnE 
COM":)IW'ASSfSS/Sl" 1'. Sl O ... C ,DFSI D( 9. e, . R", S t" . 1L , 11.") • Al 'JIIIll. 151 eN 

NO SOL • 0 
ECluataA • 6378144·0 I POLE. 6]-;6 1"17. 0 
ESC. 1.0-c'OLE/EOUA'OR, •• 2 S AlPWU1.0-ESO 
AOrr • orr5£T-1)0.0-0 , 14041234 

.to (i? 2) :a 0.0 

DO '0 
at l' . 
A( 1.11 
S r~L • 
S I~W • 

ITEAI1,2D 
B( 2, • (1.0 
• A C 11 2) t 

51 0 ,RL", 
5,.CRLOO' 

S C O~ l ' C05CRlH I 
S ens ... cos C Rl OH I 

BETa. 1.0 .. eSO.Sta.ll.'2 
APv • ~QU'TOA/SOAT(BET" 
AHP • APYlj\.PNA/SE'" 

.5'''"' • tAPV.Cw)'COSl'CO~" .S'U" • CAPY.G"').COSlasi~1I 
lST.f.QT • 'ALP~'_APV.G""~s i "l 

DIC l • - CA"P-G"'''Slhl-COSW 
O'O i.. -( A'4P·G"'''SI~ 1. .SI''''' 
DlOl c A"'P .G" J .CrSl 

D.O~ • -SJHl.CO~W DI"Of • -Sit .. ... 
D'D~ - ·SI'IIL.SI~" O'DE. C05'111 
OlO •• C05L 

D2101.,0'" •• COSL_COSw 
02 YOLn .... COSL -51 HW 
D210LOfrt _ .SP~l 

'L""U • SV"50 :I 0.0 
DO 20 '-S ffrt 
DA _ I::S I C2 II O.l 
If. 0 , Jl c h DOP e,) J2' J l"l 

DO LO JIJ1.J2 
.: : "as • DT :I (J-p.1·TO 
D"J • DHCJ"DT.sw~ nEJ.:II OEIJI·.[J T.S'IE' 

.SMIP •• SURf OXO".ONJ OIOEaOEJ 
'fS~'" • ,ST.RT • O'DHaO"J .. DYOE-DEJ 
ISMtP • ISTAAT a DZO,..aONJ 

IGA.O • DIOl a nZIOlO",.O"'.1 
YOAAD • D'Dl a D1 YOlO".D .. . , 
lOAAO • OIOl a 1'12IDlO ... O .. . . 

CO.PU'E SLA~' A.OGE DlrreiiEOCES 
DX • XSATCJ)-XSwIP 
DY • ys,ftJ)-TS ... IP 
Ol • ZSA"J , -l5wI P 

~~S: ~O~:}~~ •• ';D'.~~;~l:.~; IDS 
CO"P,",TE TAOPOSPwEAIC COR·AFCTIO~ 

COSl II Dl 'U:) 

TWET, • ,5.,. C ICoSWaCoSl.nX"SIH",aC05l-e'-SINt..a01J/DSJ 
Oil • DS.TROPOlTwET"RlAn -OR 

Ct •• C CDS .hXOAAO_COS' a,nRAO-COSZaZGAAD) -c 1 
C2 • COSI.'SH,CI-CQSY.IS .. " · Cl 

AlTtC,J1) • THETA. 57 . 3 I "l TM". : AI'tAllUl T ... " .... l.jlC , J1H 
1SIG~ • 1 I I' I-S,NtUOI.COS.,aOY . l T. O.OI . I SIGh • ·1 

10 COOT I.ue 

OL • OOPtJl)-AOrr-OA 
Io(tll' • '(1,1)-Cl.Ct 
Afl,21 • Atl.2).Cl.C2 
10('.21 • A,2.2"C2_C2 
8tt •• BUhOL.Cl 
8(21 • 8CZ,aOLaC2 
RES I DIKDU"".J11 • Dl 
SUMSQ • SUMSQaDl •• l 

10 COO' IOUE 

lU.11 • AU.2, 
CALL Nl'P~V (A(t.1I.2.Bli; . l,DET .I ARI 
" II_A •• E.OI 30 .50 

1D '.I~' 40. fUTINE 
.0 fOA"A'C'X,!lUHa'.' •• a~O S"lUTJO~ TO s .. rr,..: "ITA'I rnA fll AT 'IME_ 

1 .rlO.61 
NO SOL • I 
AETU •• 

'0 DLAf • 8(11 I DLO • • ~'2' 
IIILAT • 'l,'aOlAT 
ALO ... RLO".DLO~ . 
",.5t"OU"," • SQA'(SUMSO /"" 

SOLUTIO •• A5 CO.vEAGED 
.. CAASCOLAn.LT.O.OOOOOO" 60.70 

60 I' C;'BSCOLONI.L'.O.OOooooj, OE'VR. 
'0 co." NUE 

ITEO" lYE 50LU'ION ooe~ NOT CLOSE rllT eNOUGH 
10 'RIOr loa. 'IXTI.E 

100 'OAM"C/.'I,'C1w.J.5X •• ~o SOLUTlO'- A,TER 20 iTEAAT'OIilS rOR '11., 
1 • AT U .. E •• fl0 . 6' 

NO SOL • I 
RE'U •• 

E.O 

Rec,ord No 1975/60 
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, nSl 2 
IlnSt 3 
'Oil • 
'OS t 5 
'pSi • ' (\St 7 

' nSt 8 
'oSt 9 
'~SI 10 
' !"' Sl II 
'011 12 
'(\~t 13 
11('151 I-
P051 I' 
PCSt .. 
' r S.l 17 
PO!U 11 
'051 1. 
POSI 20 
'051 21 
POSl 22 
"nSl 23 
p nSl 2" 
POSl 25 
P051 26 
" n!l 2' 
'051 2 • 
• nS1 2' 
'051 30 
'051 31 
Pou 32 
'051 33 
'051 34 
POSl 35 
PPSl ,. 
'ni t 37 
PI'I!1 3. 
'051 3' 
PO!l -a 
Pou .. 
POSI .2 
'051 .3 
'051 .. 
'051 ., 
'nIl •• 
POll ., 
pOSt .8 
PO!l •• 
Poll '0 
P051 " '051 52 
POSl 53 
POSI ,. 
pn!l 55 
P051 56 
P051 ,7 
PMll ,. 
'OSl 5. 
P051 60 
PO!l 61 
PDSl 62 
P051 63 
P051 6" 
POSI 65 
PoSl 66 
'051 87 
'051 68 
'OSl 6. 
'051 70 
'051 71 
PO'l 72 
'09 1 13 
'0'1 14 
'0.1 75 
·011 76 
IIOS1 77 
'051 78 
POtl 7. 
'051 80 
POll 81 
PO!l 82 
'051 83 
PO!l 8" 
POU .~ 
'051 86 
'011 17 
POSI II 
'051 19 
'051 90 
'011 91 
'051 92 
'051 '3 
pnSl 9. 
'0!1 95 
POSI 96 
pall 97 
'Dll •• '051 9' 
'051 100 
'051 101 
'051 102 
'011 103 
'051 10. 
'091 105 
'051 106 
POSI 107 
'OSl 108 
'011 10' 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

20 

30 

'0 

" 

aD 

70 

80 

90 

" 
100 

110 

11' 

0'_h5'0. 000P! 8 I 
o '_E05 'D •• I 3, 31. e 131 
CO""'ON/I"1 DOPe" .RE" 8) , lSAT 1111. "'5&T 1111 .lSATt 11', rJ,jr91.0Ec9, 
cOM"'0,.,5, 'If IF' IX' J"'f. I DENT 13' , OrrSE T • SA 'Ve I.. AT. s, WELO ... . c .. s, 'IF, OrrS,vE 
CO".O"l,ASSfSS/SlA' • SlOlrCG.Q(Stoc 9." . A .. S f9, . at ., (,].8'. A. 'M' . t IS It., 

.0 SOL • 0 
EQUI TOA • 6378,4", 0 S POLf 
E!Q .1.0-CPOLE/EOU"OA 1 •• 2 , 

~J1j61Cj 7. 0 

'lPWA ; 1 . O~ESC 
AOrr • or'5£'-120.0-0 . 74 94823 4 S CJ I 1 . r 

'fER'I,lo 
8e21 • all) O.G 

DO 80 
811) • 
All. t' 
sr~l • 
"hlll • 

• . "1,2) c &Il . ll • &12.21 a &(2.)) 
SIHc"L"; s CO~I. COSeAl'" 
S.PHALQN' , co~ ... COSCAl.ON) 

lETA Ii 1.0.ESaaSI"L"Z 
A~Y • fCU,'OI/St)lUtBET II' 
AM' • A'Va,L,PWA,BE" 

1ST ART • r APV ·C'" J .COSL .cn~" 
'STIli' • CAPyaCIo41.COSl.aSi'w 
2sr&", • CAL,PN;,.APY.GM,.siJilL 

,,. 01,. 
OYOl 
OlOL 

O.D" • -S ' .. l-COS., 
D'O" • "51 ~L.S I ttl" 
DZO~ • COSL 

OIOE • - 51"''' 
OYCIE. COS~ 

OUOlO ••• C05loCOS. 
Dr'OlON •• C05loSIN. 
DUDLON •• 5'"L 

ILllll., • SUMSQ _ C.O 

DO 10 '·S,. 
DR • Cl • CI • D. 0 

•• 0 Jl • "COPIII 

DO SO JOJJ, J2 
" • "_I I OT· CJ-U.' ·T O 

e (A"P .Gw) _51 hl-COSIII 
a fAI"IP.C") -$ I JIlL -$ INti 

I A"p ·GM) .C(',SL 

DliIJ • DJUJ,.DT.SY'" nFJ I OECJ)·OT.SYE 

)lSIolIP • XSTIAT D'D""'D~,J OIOE.OEJ 
,SNI' • .,5111" • OYOlluONJ • O'DE-OEJ 
llNI' • ISTAAT • DlD"'.ONJ 

IOAao • O_Ol • 02)1'OLO"'-D" ,1 
'OAao • D'Ol • 02'DLO".O" .1 
IOl1aD • DIDl - D2lDL·O",-O .. J 

CO.'un Sl •• T A.NGE OlrrfoENCES 
Dr • IUtlJI-r5wl' 
Df • ¥S""J' .. YS .. IP 
DZ 0 n"'JI-ZSol' 
os • 10."0'-.2_0'-.2.01_.21 
Cosr • DrlOS , COS" 0,,05 CaSl • OliOS 

CO_.U'f TAo,OS'wEAle eORRFeTlO. 
TME" • ,SIf4 CU:DSW_COSl.n,.SUlw_CO!il.O".SI-'L.DlJ/OSJ 
DIt • ns-'1II0POCTwfTa . RlAt. -DR 

CJ 
CI 

• - C COSX.XC.AO.COS¥ • .,CAAO.COSZ.ZG" '0) -c 1 
• CQSI_"SM I P .. COS'.ISWIP _C2 

Al.ltllC.Jl1 • 'WETa. '7.3 1 alTMA. : 'MA.ll11' .. ,J.'Ll'(JI.Jll' 
ISla,.. 1 I Ir (-$IN.,.OI_COS .. -O" . lT.O.O) ISIC" I -1 

10 eo., INuf 

Ol • OOP! JII-Rorr -D. 
A(Jllt IU.lhcteCl 
111.2' AI1.2)·C1-C2 
AC1.~' • iU.l).CI-Cl 
AU." • A".2,.C2-C2 'U.l' • ACI.3).C2-Cl 
All.31 • A(3.3'.C3.C3 
len.8U)-OI..-Cl 
81l' • 812"OloCl 
81l •• 8e3,-Ol_el 
AfSIOfKOIJ .. T.Jl, I: Ol 
SUIISQ • SUMSQ·DI.-2 

10 CO."Nuf 

AU.it • AH.l, I ACS t ll ~ 'fl.l l 
CAll "A""¥ (AC1.u . l.edi.I.OET.,AR I 
I' llRA,of.OI 30 ,50 '0 ,.,OT '0, rlXTI"f 

to rORM,T('I."lH.,.5X • • NO 
S ,no . 6I 

• 0 SOL • 1 
RETU •• 

.'0 OlAf • 8 til 
DOrr 0 81~1 
RI.." • RlA'.DLA' 
RU~ 0 -U.-OlON _orr __ orr.oor, 

OLD> 

SI'ILUTIOhi TO SAHIX ""TRia rOA ria A' TIME-

•• $ f ICOU .. ,) • SoaT (SUMSO/,., 
Orr SU • Aorr 11120 . 0'0 . t'9.U3" 

SDLUTION •• 5 CO.VEACfO 
I' 1~.SIOl'Tl.l"0.000ilo6;1 60,80 

'0 ,. '~B510LO."L"0 . 00oo . 611 7~,80 
70 ,r IA.5100rrI.LT.0.00ll RETURN 
10 eO.,iNUE 

ITfUTI,f SOLUTIO. 00.- NO' CLOSE r.ST ENOYC. 
.0 '_INT 100, ',.T,"E 

100 ,O •• "I/,'.'''lo.,,5r, .. 0 50lUflO •• rru 20 ITEQ.T10.5 rOA 'I", 
I • Af ""e_.IIO . " 
.0 SOl • 1 ."U •• 
110 

Record No 1975/60 

'052 
Pos~ 

'052 
"ns~ 
'052 
pnS2 

' 05 2 
'052 
'n'2 
'OH 
'0'2 
'052 
'nt< 
'O'l 
'ot< 
P05l 
'011 
'0'2 
'0'2 
'0$2 
'0$2 
'052 
'0,2 
-0$2 
'0'2 
'0'2 
' n51 
'052 
'052 
'0$2 
'e5l 
'0'2 
'0'2 
'0'2 
POS1 
Pnl 2 
'0,2 
'0'2 
'052 
'052 
'052 
-052 

'"'2 -052 
'052 
'052 
'012 
'052 
'052 
'052 
'0'2 
'052 
'012 
'052 
'052 
'0'2 
' 052 
'052 
'0'2 
'052 
'0'2 
'0'2 
'052 
'0'2 
'0'2 
'Oll 
'0'2 
'012 
'052 
'0'2 
'05l 
'052 
' e l2 
'012 
'012 
'052 
'052 
'012 
'052 
·05l · 
'05l 
'052 
'052 
'01 2 
P"S1 
'05 2 
'052 
'n52 
'05l 
'052 
'052 
'052 
'052 
Pn52 
'0'2 
'0,2 
'052 
'012 
'052 
'052 
'012 
.OS2 
'052 
'052 

. '09l 
'052 
'052 
'092 
'051 
·OS2 
'052 
'012 
'ou 
'052 
.O'l 
'05l 
-on 

• 
10 
11 
12 
13 
l' 
,5 
16 
17 
18 1. 
20 
21 
22 
23 
2' 
25 
26 
27 
28 
2. 
lO 
II 
l2 
!l 
3' 
l5 
l' 
17 
l8 
lO 
00 
'1 
'l 
<3 .. 
45 

•• ., 
•• •• 50 
51 
52 
53 
5' 
'5 
56 
57 ,e 
5. 
60 
61 
ol 
ol 
6' ., 
•• ., 
ae .. 
70 
71 
'2 
7l ,. 
75 
76 
77 
7e 

'" eo 
el 
u 
8l 
8' 
85 
eo .7 
as 

." 00 .1 

.2 
03 

•• .5 
96 
91 
98 O. 

100 
101 
102 
103 
10' 
105 
10. 
101 
10e 
109 
110 
111 
112 
113 
11' 

"' 116 
111 
118 
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I 
I 
I 
I 
.1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

ZO 

Z5 

30 

35 

50 

" 
60 

70 

7, 

80 

85 

90 

100 

10' 

110 

11' 

120 

5U9QOUT I HE POS3 r ALA T ,IiIL 0 .. . SVN. SYE. G .... , O •• OUNT . ~DOP. N' 

D I.E05100 NDOPe 8' 
DIl<lf'llSIOftil .'3,], .8ell 
CO"'IIIIO~/'"fll Doprl' ,AEr, 8l .• SAT( 11». YS,T 1111 .lS ... f 1111 . r.~19 I. DE(9) 
CO"''''0 .. ,5, VE IF' J Xl I"E. I DENT f ,H. orfSE T • SAvEL" T • SA VELD"'. G .. S .. n. orrSAVE 
CO,","OIrrf'AS5ESS/Sl' l' .5LDNG.aes I 0 ,9,'» ,ANS ct I. AL l' (2.8, .AI TMoU.1 SIGN 

NO SOL • a 
EOllATOR' 631814".0 I POLE' 6356151 . 0 
e50. l.0-fPOlE/EQU"TORI •• , I .,P""sl . O-ESQ 
Ron' • O"SET'UIO .0-0 . '4948234 

DO 60 
an 1 • 
'Cl,U 
S I"'L • 
5 I~W • 

ITER a l,20 
8eZ, • 8,3. : o . ~ 
• &11,2, I '(1.31 I loe2.2' ; 1o('.J, 
SPURL,T) S cn(l' COSeAlAT) 
SpURLDN) S CO!'w, COSCALON' 

BETI • 1 . 0-ESO.SllrrfL .. 7 
APV • EOUATOA/5QA1CBETAI 
AMP. APIj'''LPMA/BE', 

II ... ,]. J I ' .0 

ISU.,,' • (APY.GW"COSl.C()~" 
'SYAQ' • ,Rpy.Gw).COSL.st ..... 
ZST,IU • ULPNA.APV.Gw'."'~l 

OXOl 
D'Dl 
OlOl 

~ C A"'P ·GW).5! '-L. CDS" 
~ ('IMP·CH'.S I ~l.S I .... 

(R"'P·C ... ,_crS1. 

DID"" • -SI~L.C05" 

0'0"" - ·SINL.SI .... 
D100 • COSL 

02.0tOH •• COSLeCOSw 
D2'Di..DN •• COSleSIJ.lW 
0210LnN •• S INL 

D.Gw • COSLaCOSw 
DYC'" • COSlaSIN .. 
ClGw a SINl 

tLTMA •• SUMSO • 0.0 
DO 20 lat." 
Oft • Ct • C2 • r.3 " ,= . 0 

« , 0 J1 • NOOP( I , 

DO to JaJi.J2 

DIDE • ~S fir .. ' 
D'OE. cns .. 

JZ 

II: & 'ht 1 0'. I J .. t ,.,-TO 
O"J • 0 .. 1.,1) .0' -SV.. nE J • DE« J) 'OT -SYE 

1'1011' • ISTAA' • O.O".Oh'J OIOE-OEJ 
'S"I' • "TA"T • DYOJrf.ONJ • D'Oe-OEJ 
ISHI' • lSTART • OlD".ONJ 

.GRAD • OlOL • n2 XOLO ... Oh.J 
,OFUD • OYOl • D2'Ol0h1.0N .1 
lOAAO • DZOl • 0210l0N_0 ... 1 
COO-UTE SLANT RANGE OlrrfOF.NCfS 
OX • rSATeJI-XSw,P 
0' • YSATtJ'·'SWIP 
01 • lS.,IJ.-1Swl' 
oS • 501H, or •• 2.0h.Z.OZ •• Z' 
cosr e OX/DS , COST. OTIOS 

CO,.PUTE TROPOSPwER r C CORAJCT I ON 

enS I IJ OlIOS 

TMETl • lSIN ecr.oSw.COSl.Dr·SINw.COSt..·O'·SJh1L-Cl,/DS) 
DR a DS.TAOPOITwEh"RlATi -OR 

Cl • _ICOSlaIG.AD·CDS'.\,~AAD·COSI.1GAAO'-Cl 
C1 • COSI.Y5HI~-cos'_rS"nt"Cl 
C] .... f D.O .... COS •• O,G".COS,· D1C .... COS1) ... C l 

ALT(C,Jl) • THET' - " .J ALTI''''x I"A.lI1l.T"'X.1lT(I(,Jlll 
(SIO-. • 1 I I' (·SINW.DI-COs ... DY.l. !. O. OI ISlIiH;:-1 

10 CONTi.UE 

DL • OOP I JII-~Or' -O~ 
Att.l' • AU,1hCt.C1 
AO,2, • AU,21·C1aC2 
All fll • AC1,;U.C1·C3 
t12.21 ,U2 f Z).C2.C2 
A12.31 6(2.3,.C2.CJ 
le3.31 • 'C3.3).C3aC3 
B11' • Bel,aDL·Cl 
aUI • BcZ,·Ol.C2 
8el' • B(31.DlaCl 
R!SIOIKOUNT.Jl) .OL 
SU)IIS~ • SU,.SO·Dt...-2 

20 CO~T 10UE 

612,1' .1U,Z) I AI~ ~ 1J. &11.3) Ul.2 ) • ,""" 
t'LL .ATIO' "e,.1I . 3.ee, •• 1.DET.r~.) 
I' 1f""._E.O) SO . 50 

'0 '.IOT 00. rrXTI.E 
'0 'OA .. &fe'I.'UN ... ' ..... O S"lU1CO~ TO SATrtl .. ATAI. roA rll AT TIMi. 

i ,rl0.6' 
NO SOL • 1 
R!TURO 

'0 OLAT • 8(1) OLO_ ' 'e7) 
DOH' 9131 
RL" • AL,'.DLt' 
RLO •• ALON-OLO. 
OM • O)4-DO" 
•• Se~OUN" • 'Q.TCSU"50/~i 

SOL UT 100 .'S CONVERGED 
I' IUSIDL,,,.LT.O.OOoooOI' 60.8D 

10 I' I,A510LOO"LT.O . OOOOOOll 70.60 
'0 ., IUSIODHI.LT.O.I' RETURO 
'D CONTloUE 

ITERATI'E SOLUTJON OOf~ NOT CLOSE fA5' fNOuGw 
'0 'RIOT 100. 'InINE 

100 '0""4'1/.'X,'I1':'.'"I •• "1) SOLUTIO" ,rTElt 20 J TElhTIO"S rQq 'II •• 
I • " flNEo,rI0.6I 

NO SOL • 1 
WnURN 

Record No 1975/60 

'OS3 
'.53 
'nSl 
'ns~ 
'nSl 
'053 
'05l 
'Oll 
'05l 
'nSl 
'Mi3 
POS' 
'05l 
'nS3 
'053 'n,) 
'05l 
'053 
'05l 
'053 

'n" 
'053 
'053 

'o" 'nS) 
'053 
pn,) 
'M3 
'053 
"nll 
'n5) 
'n53 
'053 .os) 
'n$3 
pnll 
'M) 
'OS) 
'n53 
'n5l 
,n53 
'n53 
'053 
'053 
POS~ 

'053 
'053 
'n53 
'n53 
POS'! 
.0$3 
'013 
'OS3 
'053 
'DS3 
'a53 
'053 
'OS3 
'oS3 
'053 
'053 
'0$3 
'053 
'053 
'053 
Pou 
'093 
'n53 
'053 
'053 
'053 
P053 
.nS! 
'0" .n53 
'nS3 
'053 
'053 
'053 
,n53 
'053 
'053 
'0$3 
'053 
'053 
'053 

'0" 
'053 
,n53 
'053 
POS) 
.053 
'053 
'OS3 
'OS3 
'013 
'nll 
'0$3 
,nS3 
'OS) 
'013 
'0$3 
'OS3 
'013 .oss 
'013 
,n13 
'013 
'eS3 
'0'3 
'on 
'0$3 
'OS3 
'053 
'aU 
'ou 
'Oil 
'053 
'oS3 
'013 

o 
,0 
11 
t7 
13 
10 
U 
16 
t7 
18 
19 
70 
71 
n 
Z3 
7' 
25 
76 
27 
78 
Z. 
30 
31 
32 
33 
3. 

" 36 
37 
38 
J9 
·0 0, 
oZ 
.3 .. 
o~ 
.6 
07 
08 o. 
50 
51 
52 
~3 
50 

" 56 
57 
59 
60 
61 
67 
63 
60 
65 
66 
67 
U 
6. 
70 
71 
n 
73 
7. 
,~ 

76 
77 

7' 7. 
80 
U 
67 
83 
80 
65 
86 
87 
U 
eo 
.0 ., 
.2 
93 

•• 
05 .. 
.7 
oe 
90 

100 
101 
'02 
103 
100 
105 
106 
107 
'01 '0. 
110 
111 
112 
113 
110 
\15 
116 
,17 
118 
lit 
,20 
121 
177 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

20 

30 

35 

-0 

-, 

50 

" 
60 

" 

7D 

75 

10 

_0 

'5 

10D 

10' 

11D 

115 

12D 

o I Me-51 ON ooap / II 
OIMUSI 00 A I 3. 31 .el 31 
co,..O .. ,XYZI Dope" .ltEr I aj : IS, T( 11» . "Sa T 111' .lS," 1t,. DlIIe". DE 19) 
COMMOO,SA VEIr liT IME • 10EN" 31. orrn' • SAV,,, T • '''ELON. o..s. VE. OrrlAvE 
COMMa'" ASSESS/Sl AT. SUHUi. iES i Dt 9. e). AM5' 9, • 'ltc 2',". Il 'M. 1:. 1510" 

NO SOL 0 D 
EQUATOA • 63711".0 I palE' '356757 . 0 
ESC. t .O·cPOLEieQUAToa' •• 2 S II,.PtU'l . ::·ESQ 
Aa" • Orr5'To.,0.0,0.74 .. ,13-

$V ... 0.0 
DO aD ITEA'l . 2D 
8C1' • el21 • 8111 ,0.0 
6(1011 • 1'1.2' • 1(1.3, • "'2.2" • A12.31 • 'Il . l) I ~ . r) 
SINl • SPHALATt StOll' COSIAlAT) 
$1111" • 5PH~lONI • CO • .,. COSIRlOH' 

BETI • 1 . 0.ESO.SINL,.2 
Iffy. EQU"'OA/sOlltJ(BffU 
AMP. APY"LPHA,8ETA 

aSTI.T • CAPY'Ow,.C05llcnlw 
'SH,II' • CAPV·OWhCOSl.SI .... 
ZSTIlIf • 'A"PHA.APV.GWh"l .. l 

OXDL ' .'"MP-CloO.SI"I,.'CQ5111 
010l I: -UtMP-ctlolhSUH. 'sINW 
DIOt I "'I'll' _GH' .crSL 

010' • -5 I Wl'COSW 
UfO ... -SIJill'SI""" 
OlD' • caSl 

0210 .. 0 •• -COSl'COSW 
D2YO .. ON •• COSl.SINW 
0210 .. 0N • -SINL 

'IT",1 • SUJII$O • 0.0 
DO 20 ,11." 
01 • CI , (2 • C~ • 0 . 0 

I 0 

DO 10 J'Jl.42 

DIDE .... 5 I NW 
OYOE' COSW 

•• 1(-1 ,D" (J-ll,,-TO 
DNJ I O"'J .. OTeSV,. 

IS~IP • IST'AT OXDlIjID~J 

'5~f" • TSf,IIT • OYOI"'O"'J 
lSt4I' I 1ST,"1 • OlONID"'J 

XGAAD I OIDl n210lDlruO"J 
YORIO. OYDl • D2 Y DlOIUOllJ 
lORAD • DIOL • n2ZDlO"'ONJ 

IGRIDYJIj • OT.OXDPrI 
yCRID¥" • OT.OTOPrl 
lGRADV" • nT'OZON 

OIOE,CE C J J 
OYDE.OE I J) 

COMPUTE S .... T AI.GE Olrr(iifNCES 
01 I IS&TtJ'''.SwtP 
DY I YS1TtJ'-YSw,P 
Dl • nA".'-lS"IP 
os • 5QI'(OX •• 2.0' •• 2·01 •• 2) 
COS' • OliOS I COS'. O'IOS enSl • :)l/OS 

,¥~~~~': !~~:O~~~~;~~c8~~:~~!~ ~: ... eOSL.O,.$ I ~l'CZ J IDS' 
oa • DS-TROPO, TWETA 6AlAT) -0. 

Cl i: .. ceOSI,XCAIO.COS'.'CAAO·COS1_1GR'DJ-Cl 
(2 • COSX.'SHIP"COShISNjP-C2 
C3 I • C COSI,XCRAOVN.COSY, YCA,OVN'COSZ.1CRADVIirII) -C3 

'LTflC,JU I TNET, • !P . 3 ALT"'" : "M"UCl.l' .. U.HTlI(.J1H 
JSIG~ • 1 1 rr (-SI""'OI'COS"'OT.lT.O.OJ ISIC, '-1 

lO CON,iNuE 

Dl • OOPIJlI-Aotr-oR 
,ct.U • A(1,lhel.e1 
'CI.Z) • AI1.2)-Cl-C2 
.&11.], • 'U,]).Cl-e:! 
AC",Z' • AI2.2).C2_C2 
At2," • 1I2,lJ-C2-e] 
'f3.3) • Af3.3'-C3-C3 
811' _ B(1I.0ltCl 
812' • 8(2).Dl-C2 
IL" • a(]J.DL-~J 
AESIOIIOU~T.JlI • Ol 
SUMSQ _ SU",SQ.Dl __ 2 

10 CONTI.uf 

'12,1' • 'U,2) I "l . 1) - "11.3) AIJ,21 • AI2.]) 
call *,,,fJ~V ("I.J).J . atit.l.DEf 6 'RRJ 
Ir If"A.wE.DI 30 .~e 

so PAI~' to. FI.f I ME 
.0 rO" .. 'f" •. SI' ... '.51 .... 0 ~"LUTJO" '0 Sa f , .. *'A ' AII rnA rll ,T TIMf_ 

1 "10 .6) 
1110 SOL • :I. 
AE,uq. 

'0 Dl,t.f _ HUI DLO... R(2) 
DVN • el31 
"lJf • RlAT.DlAT 
ALON I ALO"·DlON 
$YN • SVN.OVN 
,. .. 5,«au"" • SQaTfSuMSO/~' 

SDlUTIO~ w.S CONVEAGED 
Ir IA"SIOl'" .l'.O.OOOOODP 60.10 

10 ,r raASIOlO"I.lT.O . OOOOOQl' 70.ao 
70 I' ItASIOVNI . l' . D. Oll AETUAN 
10 CONTINuE 

ITEAATIVe SOlulfON OOE~ NO' CLOSE 'AS' f'OUG" 
00 PAl", 100. rllllME 

100 rOA"'Tl/.,r.,qw.) . sr • • H() SOlUTIC"- ArTE_ 20 ITEAATIO .. S 'OR "h. 
1 •. n T".e.,r1l) .6) 

00 SOL • 1 

'f'U.' 
END 

Record No 1975/60 

6 
7 
I 
9 

10 
II 
12 
13 
I-
15 
16 
17 
II 
I' 
20 
21 
22 
23 
2_ 
25 
26 
27 
21 
2_ 

' 30 
31 
32 
3J 
3-
35 
36 
37 
31 
J9 
_0 
41 
_2 
_J 

-­.5 
46 
_7 
48 

--50 
51 
51 
53 
5' 
~5 
56 
57 
51 

'9 
60 
61 
'1 
tJ .­n 
66 
67 
68 ., 
10 
11 
72 
73 
14 
15 
16 
71 
18 1_ 
10 
al 
11 
83 
8_ 
a5 
86 
17 
II 

" _0 

·1 
H 
93 

---, •• _7 
.a 
.9 

100 
lel 
102 
103 
10-
105 
106 ", loa 
109 
110 
111 
III 
113 
11-

"' 116 
117 
118 
11. 
120 
111 
122 
113 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

10 

lO 

" 
30 

• 0 

., 

'0 

00 

70 

$UBQOUTt,.e .. ,TI"V" . N.8.1 .0. IAAQA) 
OIMf."'I1SION A(","'. 8,,..1 J. IP I YC 24, .1 __ Of 24.2) 

C "IS AN Hittl ,,"TAII TO Ie ifrilvEJiltED,OR CO"lT'I~I"'G eOI,i,TIOIri r. OErrs 
C a IS AN NIM Rj.4$ ",TAIX rnA ECU"IO~S 
C I' lIO.JJrfVEASE ftNI..' GIYEh.l POSITIVE-SOl.UTIONS 0 .... , . .. NEGa'IVE 
C 10'''4. PhAaSCl J, 
C D CO"'''.&1",,5 THE nE'ERNIN, .. T or 'Iole " MATRIX ON EXIT 
C • IS Of PLACED 8Y THE INV(ASE .88' THE SDL.'IONS . 
C ME'"OD 0' G,USS-JORDON .,VO'U ELI.,.,TIO_ 

'''IA85H.) 
D-l .0 
DO 10 ,'l.N 

lC "IVIII'O 
DO 220 1.1.' 
,"tX,O . O 

C seaRc'" SUB.MaTAIl rOR lARtfS' ELEttENT AS P I VO' 
00 00 J'l.' 
I,"",.IJ" 10.20 . 60 

10 DO '(I Ihl.N 
"I'OIY .. Io1130.50.70 
TN I 5 ROlli COLUMN WAS "0' Iff a. Ii PIVOT 

So ,ru8S (,cJt",,-...... ,o.,0 .• 0 
'0 IAQWIJ 

I eOllW 
'MarueS U(J.KI' 

'0 CO.".UE 
60 CONT INUE 

.1v0T 'OUNO 
" I YllCOl Io'P' VI ICOL "1 
,rC''''.-1.0E-'O ) 10.70.'(1 
fIIAlA11 S,NtULIA . f.IIRCA RETUAN 

7C, IRADA_, 
IUTU'IN 

So I" I~n.-ICOLI 9n.130.90 
M'H 'IVOT • OI.OON,l ELENE", B' 'Ow INT[.C .... GE . 

'0 Oa .. O 
DO lOti I(al." 
III'Ula' , lAO".'" 
A' IlIo .... ")a,' leOl •• ' 

tOO A.,COl •• ,""" • 
I,on 130,130,110 

110 DO 120 ICaI.'" 
,,,,,n'.Ac IRO",Ie) 
B I IA,W •• , '811 COL •• ' 

l'OI.ICOl."'-""'" 
no l'OIl.lhIRO. 

,NDII.llo'COl 
,.,,'aU ICOl. reol.. 
O.D· .... '· 
" I COL. I COll"l . 0 

C OIYIOF 'IVOT ROw YY PIVOT 
DO 140 teal." 

ItO "'COl.K,.,,, leOl.KI/"".! 
I""" 170t1'O,1~O 

1'0 DO 160 teal.'" 
,to BeleOl,leiaReJeOL •• '/"",. 

AEDUCF NO'-'I VOT OO.S 
1'0 DO 22D Jal.H 

IrcJ-ICOll 110.220.180 
1'0 '",Ua"t.,!,leOL.) 

.« J. leOL'·o. 0 
DO ,90 "a,.N 

1;0 'CJ.cu'eJ •• '-AcICOl,."'M". 
,rIN, Z20.220.200 

200 DO 210 .-'." 
ZIO 8CJ,I( •• BCJ,ICI-BfICOL.1I1.'tlA. 
210 CONT ,NUE 

• rtE. N 'IVOTAl CONDeNS'TlONS.SOlUtlO'S LIE ,. B "ATA'I 
IreL' 230.230.270 
'D. I.vEASE 0' •• INtfACH,.GE COLU •• S 

2 SO 00 160 1.1.' 
J·~·l-1 
I,I"0IJ.1I-,OOIJ.21) 2'0.260.2'0 

2'0 IIIIO"'-'hOCJ,U 
ICOL-lfrIlDcJ,2, 
DO ~,n K-'.N 
" "''If,AlK. I PO itO 
AIII.IROW,-"U', "~OL' 

210 at iii dCOL) -, .. ,. 
UO COoT ,wUE 
llO 10AO .. 0 

RE t UAN 
e.o 

Record No 1975/60 

.... T I .. W 

'''T'lfY ... , I 1liiy 
... , I 1liiY 
... , I l1li V 
•• t ,." 
"'AT I~';' 
.,tl'V 
IU'I~V 
•• T JIIIIV 
II" , .. , 
"'a" I NY "a' ,N, 
.,"IN'I ",! , .. v 
•• 'INV 
•• TIN, 

"'.T I'" 
.a'IIIIIY 
•• T INV 
•• T INV 
1IIII.'lltII' 
.a'IN';' 
... " INV .. " 'N. 
.... , IN';' 
... ,' INV 
.... , IN~ 

"'.'N' .. ,; INy ,U',NY 
"a'IJiI. 
""I~Y 
... " INY 
M"INV 
"AtINY 
., TI "-IV 
... ,t'NV 
M.T INV 
""'I.." 
... ATlNY 

::j::: 
"" I l1li V ",'tN, ".' ...... 
"' T I NV 
"'fUn 
... f I'" .,T I~' 
."1 .. ' ... u .. , 
"nl"';' 
.... , IN' 
",,; INY 
•• TINY 
""TINY 
•• ,. NV ' 

."'IN' 

.,' 1 1liiY 

... ,' NY 

.. l; INY 
IU'I",V 
'IIATIIIIIV 111.',,,, 
".Tu.y 
", .. t'IIIIV 
•• t , ... 
•• t I~v 
.A'INY 
"'., 'lty 
•• t I N¥ 

.,t '''Y 

... T I~Y 

•• " ~v .,t I •• 
,,," tIIY 
•• , 'JilW 
..., 'NY 

, ... , 'JiI'" 
... , I .. , 
.. tl" "".V 'UflNV 

o 
5 
6 
1 
a 
9 

10 
11 
12 
13 
l' 
15 
16 
11 
la 
19 
20 
21 
12 
23 
2' 
is 
26 
27 
za 
19 
30 
!1 
32 
33 
34 
3' 
36 
J7 
38 
39 
'0 
01 
n 
03 .0 
" .. 
07 

0' .9 
,0 
'1 
'2 
53 ,. 
" ,6 ,1 
51 
59 
60 
61 
el 
63 
00 
65 
66 
61 .. 
6' 
70 
11 
7l 
73 

" " 76 
71 
78 
79 
aa 
u 
a2 
83 
eo ., 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

10 

20 

30 

10 

20 

10 

II 

u 

II 

JI 

s. 

•• 

sueDOUT I ~E 5&TS .. EI IPOlo,, · 

CO""O"'.'ll DOPt') . AEf fe J .ISA' ttl l . 't'SAt (11 ) . ,SA T f 11 J . tN(".OE I" 
CD,..lIIo,.,r r I/TLOCKON . XL",,,, ,t ,llOM. IIILOIrf . IN . SV. GW ... . NOOP' 81 • TO 

~~::~:~:;~~~~!~~!;~ s~~~~:~;~ I ~~~~:! : ::~~;~! ~~; ~~~~~: ~:~::~: ~~~::VE 
cO .... :)""/LU .. ' """" •. UNDoe . , IfNGW.lUJill Tor . l UN5AVE 
CO",-0"'COIll5T11 F4. £6. f' ......... . OEQIIA. AAMI ... r I '1ESEC 

DLA' • ABSCSLA" 
LAT. DLaf/60.0 
~O'O , D~ON0I60 . 0 

LABELS • 1..... I 
l08ELZ 'litE , 
Ir IIL" . OT.O.O, 
Jr 1 It ON . LT. 0.0' 

D. o"Q • aSs (SLONo» 
DI aT • OL"-60 . 0-\.,' 
olo"a • OlOHQ"60 . O-\.O,",C 

Ir Us,nl',LT . lS.'!lJ' lABU.l. UtS 
Ir (1$10" . l1.0 . 0) lABE\.2' 1"'. 

LA' •• i ,U 
' ,ONG • "lONG 

I" I DA I"" .EQ.l' PIINT eo. r III I"£.l.l T. Ol" T .\.o .. c. DlO..,C. I DE""'» ' 
1 $1'1. 5v . Q~, I DENT 13) .LA8EL 1. ill 'M,r .LaBfL 2. orrSET 

ao rOA-'" ,.10X, 1H •. ' •.•• 1-. ' t " .'6.2) . 11.IU .r' . o . If'.I . 1, . .. i . '1. 
1 r'.0."'.'I.fl0.2,1H.1 

OR ITi flUNSOVE . 9.' r lIT I.r . LA T . 0lO' .l ONe. OLOto'. I OEoT IZ ', 5". SV . 0 .. . 
1 IDE~'U ,.L&8EL1. OL T ... . ' &BEL2 . Orr SET 

90 rOA""f', . 6.11. ,C 1 •• f6 . 2, .11 •••• '~ . 0 .2'~ . 1. I'. 4',al . rs . O. 4 •• AI. 
1 r I O. 1I 

END 

SUBROUTINE 5aTLiS' 

DI.EdION lUEL I8I.(e,ROII' 
CO,.1I0a,'LUMt "' I ... LU~DOC . lIJMON.l UML 'or. LUN$aVE 

AEII I ~D LUNSlYE rOV." • 0 

RE&O'lU~SAVE.l01 LASEL 
10 roo.oT'lalOI 

Ir I!DrlLUNSAVEII 999 . 20 
ZO Ir qoewEcILU~S&vEII 10.~. 
'0 PA I,T <0. LUEl 
to rOA."C/.101.10r1w.'.10J •• Palltlf'f ERRO. I~ •• uu.IU10.l~"'J 

'0 AhDILU,"savE.l0 I ICoOO 
Ir 'E0rlLU~SlVEI' 999.60 

60 I r 1 I oeWiC 1 lUNsave" 70.'0 
70 PA INT <0. IcaRD 

'0 I r .. <OU.T "a ,"0. eo . <OU,," PA I.' '0 . L,SEL . cu,saVE 
'0 ro,u.,ft1 .. 1t1.101."·ll! e.u ••• e,ltO.lMe . . S'YfD ON t UN.d4.1I. 

1 191 •• rsxTI"e Lo'ITUOF LONGITuDE LOC< SHIP SHIP GEC I O HT •• 
2. .. SAT E orrSf' •• I.ll ••• SS . DOHH"" OEC "" DeG "I~ •• 
3. TIME HOO SPO NT NO S ElEV " rOEO.' 

Ir II.OUNTI10"10.EO . <OUN" PAI"T 10. 
l ·a roo."UO.' 

.aUti, •• OUNT·1 
PAl" 110. <OUNT.IC.AO 

110 rOAIIt,ttlO •• I'.21 . 1M •• eUO.lw., 
GO TO '0 

9n AETUA. 

c 
. C 

c 
e 
C 

. END 

T"'I' !IIU'IAOI.IT t.,( ",.1 ,_U ( .. , • ., POJ"'" 
1. Satp", .. - '4'" "Olh ... n aLO"C; LOGIr.aL.. ullilT uloiTU. Alii 

tOO.O'·'lLE .'U OtHC'tD 
i •• lAC- .. ", • "'Ovl hAC- a,-,O",' "'t, "'~TlL f:O' i)t'tCft.oJ 

LUri • LOCi'C'L. u-'" 0 .. lIt"'IC'" S(.RC'" ts '0 At ~AiJ£ 
'''''-IT' - 1',.,,,, O. SfA"e .. "ODt: ' 0" L UI. CO,-C£liI"f::I 

I • 000 "1'" (., 'f:1 l!IuHf.'" 
• _ tVflili P.I", (.t PI .. SU"'EII) 
_, - 1111 lEAD "'OOt '0" 'O .. ... OfD DITA 

I' ('-'Aln,.GI.II) te.). 

Ii BU"to l'ILU"~."I")['(I),a(",) 
I' IUNIT I~U"I)II. ,,'.11 

,. InUIN 

si ""DIlUN.,,) OIl) 
•• '0.·"1'''' 

I' ((0' (~UNII n. ~e 
~. I' (lOC.(t ILU"I) ,0. JO 
U .nul. 

.. C .... eE ~U' 

" (h"."'.GI.') 'liId'" 

" IU"'. lh(LUh f .. "''''f) (Hl','(l» 
l' (UNl' (U,N)1 .1."," 

.. t •• C.SPaCt LUN 
,'t-"ac! LUh 
GO TO TI 

., 'At •• ,att ,-,UN 
• ETU .... 

, •• lfAD I~UN ••• , 'I I) 
l' lEt" r",ua.» I J., II" 

III " 1I0C.tc (LU"" 1l'.lli 
In ue.,,.et .U-

.. c .... et LU-
GO '0 ,0, 

I" UC.'Pltt LU_ 
_"UIN 

,. lNO 

Record No 1975/60 

S"SaH 
SatsuE 
sa'Uvl 
S"SUE 
S.tS AvE 
S"SAVE 
.s. 'SolvE 
S .. Ts,VE 
~ .. 'SAVE 
S" 'SAYE 
S .. TSAVE 
SATS'VE 
$&TSlYE 
SaTsne 
Sa's..Yf 
s"s'Ve 
,,'SAVe 
S"SAYf 
SaTSue 
S"SuE 
S. naVE 
S,hAVE 
"+sAVe 
"'SAVE 
S.'suE 
s .. fsue 
,,,uvE 
$. 'SAVE 
$"SAVE 
$.thYf 

' .. 's .... e 

S.TLlSI 
s.nlsT 
s. fL IS' 
S, TLiSI 
S.flIST 
~atl'S' 
S.hIST 
S.lLl ST 
S,h 151 
$"LIST 
$"L1ST 
S.lLlST 
Sa'L IS" 
'Sa 'L 1ST 
S,TLlST 
S,fL ISf 
San IS' 5,,, ,ST 
SatL lSI 
S"lIS T 
S"l IST 
S. 'L 1ST 
Sa TL 1ST 
Sa'L1ST 
S"'L 1S T 
San 1ST 
S.l'L 15' 
Sah 1ST 
SahlST 
Sa'L IST 
SaTLIST 
Sa'l. 1ST 
S," 1ST 
S. 'liST 
S. TLI ST 

"J ...... 
bl .... b 
!."IP,e. 
\1I,!P.e. 
S"'~h '" 'f: '"'fib 
tq ... e.'" 
Sill" .... 
)aJP-.t> 
'11 (,. .... ,-t ... e.o 
UJ""" 
)11 I lie. .. 
' ........ h 
S. I'-e. .. 
S .. , .... " 
SIIIP •• 
s. rp",e. 
'11 J ...... 
' .. IP .. .., 
hiP •• 
S .. 1 51 .... 
S·,p ... 
S .. Jp". 
S .. JP!Jfi! 
S.IPM .. 
S"lp" .. 
SII,JP"'fI 
'foIP •• 
S .. TP",~ 

SIll"'"''' 
,Ill". 
S'-I'''' 
,a 1"''', 
,. J""b 
S.15o'''. 

''''''to. tc.,,,. 
... 151.& 'I , ..... 
'''I'''" S< IP •• 
,r.IPA, 
,III'" 
'I""" 
Sll'~. 
, .. !P,. 
,cIP" 
'<1'" 
'&151,. 

Z 
1 
< 
~ 
6 
7 

• 9 
10 
11 
12 
11 
1< 
15 
16 
l' 
Ie 
19 
20 
21 
22 
23 
2< 
2. 
26 
27 
21 
29 
30 
31 
32 

6 
7 
8 
9 

10 
11 
12 
lJ 
I' 
15 
16 
17 
II 
IV 
2P 
21 
22 
23 
2-
2' 
26 
2' 
28 
2V 
30 
31 
32 
3J 
3< 
3' 
36 

• • 
II 
'\ 
,~ 

" ,. 
1 • 
\. 
P 
1 • 
I' 
l_ 
II 
l~ 

2' 
~. 

l' 
l. 

" ~I 

l' ,. 
" Jl 
H 
]1 

" JA ,. 
SA 
I' , . 4, 
.1 
oJ 

•• 
.~ 

•• ., 
U 

"' ,. 
~I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

, 

u 

20 

, 

10 

20 

JO 

J' 

00 

0' 

SUI.OUTINE ""MU'Ul'">., 

ca .... o.flr II/'LOCIO ... XLa T ."1 "T .ILO" •• LO ... , ... S¥ .0 ...... 1II00P (., • '0 

UTA., • '"'.'lflOCIU' 

,I., ..... 0.0 
00 10 I.l.t 
CAll ~LTS'" ""., .Il>' •• , OIl.OH.>l" 
TI"E • 'SUA¥EYltsTAATI 
" IUT.OT.llTUII 10.0& 

10 IlTM, •• Il' 
TI"~T • TSTI.'.2.0 

10 CONTINUE 
10 TO 10 

'0 TIT I.' • TIT,., ••. a 
AlTMU • 0.0 
DO 60 •• '.21 
CAll UTS""n>RT.IlAT •• ,OII.OH.AlTl 
" IAlT.OT.IlTM .. ' 50.'0 

'Oil TM" • II T 
TSI ART • 'Sf llT.O. 2 

'0 tONU.UE 
80 TO 10 

'0 RETUI_ 

.0 .1,", 130 
l'D 'OAM,TC/.10I.10I1HI,.10X,.""IIMUM AlTituDE NOT rOUlIID •• 

llTM" • 1.OElo • RET"'" 

i_O 

SUBIOUTINI IL '" T" 'MI. AL AT. RlON' .0". >l' I 

COMMON/ORBI" T ••• MOO'. r •• 0". EPS I. >0 ..... 0 ... COSS. oe. S, 115 
·DiU IIIUA"O 1 

" linin .EO.ol 10.20 

10 nUlTOA • _3111".0 I POLE' 6356"' . 0 
.10 • 1.O-CPOLliIQU"'ORha) IV., . l.a·ESo • IStiAT. I 

10 IIl1l • liNIILITi I ,~SL' toSI"LlTl 
S'N~ • II.,ALONG' I ens •• COSI"LO"GI 
alTI ;. '.O.fSOoSIHL"2 
•• v • Eouno./SOATI BfTA I 
III'" • RPV·'LPlU/8E" 

IIH' •• · '.PY"Mi'COSL.COt~ 
"H ,p • 1.'hOMIoCOSl.S I •• 
11M' •• IILPMI'APY.OH"S'.L 

U • I.ODITI"I.I"O.OI·" 

5to ~: !t;.~~4;:~:·O', ":j,6'~ no 
600 "lh.n."'0. 0·6 . 28Ua,71INOOTl T.· '0-1"'; .0 

610 0.1 •• ODO,"'. 
fl • ON •• EPS"S,.IOMII 
U •• ,0'ICOSlI.,·EPSII 
VI • 10.srN,I., 
r •• 'P-D'P'" 
•• P • IJlCeCOS"k' .. WIC_SINlr.) 
'IP • UIC.S.'Ur";.v".COS,,., 
....... ·0 .... ·'" 
IIA' ••• p.eO$, RIO -,.,.catS.S.N(I" J ,SA' •• " ... SINcAtin.'KP.COCS.COSC,.1 
ZIA' .. ," •• 9,.5 

01 • X5A'-lI:SHlp S D'f. 'S,T·'fSHIP 
DS • SQA,tDI •• 2.DY •• 2·Dlee7) 

Dl • lhT·lSIOI. 

SiNAL' e (COSLeCOS"eD •• CIH'L-SU • .,eO'.SIML.DlJ/DS 
I' ISI_IL' . GT.I.OI S,N>I' 1.0 
,,,,1 e ,91"CS1~Al ,).,7.3 

END 

Record No 1975/60 

NIO"SAT 
WI alOSAT 
W, a.SA' 
WI'.SAT 
WU'HSA T 
WIO"SAT 
WIOHS" 
WI."SAT 
WI'''SAT 
WIGHSAT 
NIOfolSAT 
NIO"'S,,' 
WIOI05" 
W,..SH 
WIO.S .. 
WIO"S>T 
".0"5,' 
W I."SIT 
W .... SAT 
",'IoI5&T 
WI O~S& T 
NraMUl 
NI O"SI' 
N.O"S"T 
W.'''SAl 
WIIU"SI' 
W, O .. SIT 
Mle .. sa' 
W".SAT 
M I,,,U' 
NIO"SiT 
NIO,",SIT 
N.I"SaT 
N.IMSI' 

'ltS" 
II tSAT 
Al '51 T 
Il'SAT 
Il '5," 
II h.T 
'l15,l' 
al 'UT 
'I ts,lT 
Al '5a' 
Al tSAT 
Al '$I T 
AlTSAT 
Il '5& T 
al '51' 
AL '51' 
Al '5" 
Al fSAT 

&l 'Sa' 
Al 'sa T 
Al TSA' 
IdsAT 
Al'SA' 
Al 'S,' 
At hAT 
'l ts" 
Il'SAT 
AL TS" 

II h" 
'L TSI' 
Il UI T 
Il haT 
Il h" 
At ha T 
IdS,T 
Il hAT 
Il ts, T 

:~ i~: ~ 
1'+5" 
:t j~: ~ 
Al tSAT 

'l 'S" 
't tsa T 
Al hi' 
'I +SA' 
Al TSI' 

o , 
6 . , 
• • 10 

11 
12 
13 
I' 

I' 16 
I? 
II 
It 
20 
21 
22 
23 
2' 
2' 
26 
2' 
21 
2' 
30 
31 
32 
J3 
l4 

3' 

• , 
• , 
1 

• ,0 
II 
12 
13 
10 
15 

I' I? 
11 ,. 
20 
21 
22 
23 
20 
2' 
26 
27 
21 
29 
JO 
31 
32 
JJ 
l4 
J' J. 
3? 
JI 
3t 
00 
01 
02 
43 
.0 
0' •• ., 
41 o. 
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I 
I 
I 
I 10 

I U 

20 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\I 

II 

I' 

n 

" 

rUNcUOtt TADPOCTNET'.AL'" 

DlTl el.TaRT-O, 

I' C I!TU' .5Q.01 10.70 

le Cl • 1."".29,,,., 

C2 • 1."".2""" 
IITU' • 1 

10 'NET'D.SQRTITWET .... Z.C' •• ·2' 
'WE 'Alii • 9QATCT ... fT" •• 2_C, •• 2) 

RD • 1.31/S1~CTWETADI 
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