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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 éomputed. These parameters
are the ﬁeight of the receiver above the rgferencé 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 varies only with geoid height,
is known to sufficient accuracy. The offset frequency ﬁust be computed
but the defived value contains efrors 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 iorder of O.1 kmot if a positional accuracy of O.1 mautieal
mile is to be achieved. Over the shallow waters of the continental shelf
the absolute short-ferm 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‘é velocity components as unknown variables. This produced
erratic results of poor accuracy, but a considerable improvement was made by
keeping fixed the least sensitive variable, easterly velocity. Results
were still far below the accurécy of a stationary fi:,_however, and
it is probable that the use of shorter and more numerous counts will be

necessary to effect an improvement.



The second approach was initially to improve the accuracy of the
fix by defining theé 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 may then be reduced throughvan

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 iteration should be sufficient to achieve an accuracy of 0.1

nautical mile,

The latter method increases the time and cost of reducing the
navigation data, but is the only way in which the desired accuracy may be

achieved with the present data.



-le
1. INTRODUCTION

'The Fortran program presently used by BMR to compute satellite -

. fixes is called BMRFIX and derives originally from a pfogram acquired from

Ray 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 effeéts 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.mes.) of the ship-satellite

range residuals reduces to an acceptable value.

Between August 1973 and August 1974, invéstiéations were made into
the various techniques available for computing satellite fixes with a view -
to choosing the technique that would maximize thz accuracy of the.navigatioﬁ
data acquired during the Continental Margin Survey around Augtralia. About
9000 satellite paeses_were recorded at sea.dnring the survey, and those
which are reliable will be used to tie-down the dead-reckoning navigation
systems. The time interval between good fixes may rangekfrom half an

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

The position from a single good satellite fix on 1and‘méy now be
determined to an accuracy of 20-40 mefres TeM.8, (Black, 1973) and
considerably better when multiple fiies are taken at the same position.
On a moving vessel, however, the accuracy of a fix is reduced by any
uncertainty in the motion of the receiver during the time period through
which it may record signals from the satellite (up to 16 minutes) and by
the fact that the fix cannot be repeated. As a result of these ahd other
factors the position obtained from a fix of poor quality at sea may be in

error by half a nautical mile or more.

Sluiter (1969) has outlined the éffects 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 Reqord the developments and tests which

have led to the establishment of the program in its present form are
described and discussed. The way in which this program will be used in
attaining the final positional data is outlined, and ﬁser 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 toAdescpibe 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 3Iincludes a detailed
explanation of the method by which a solution to a satellite fix is
obtained by an iteraﬁive process, but a knowledge of the basic principles

of satellite Doppler measurements is assumed.
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2. SATELLITE FIX DATA FILES

& YRk

The basic data necessary for the computation of each satellite
fix are stored in card image format on magnetic tape. Each file, Hhicﬁ
consists of 32 card images, contains the daﬁa 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 way.

FPile header

: The lock—on time in survey time format SS.DDHHMM
(showing survey number, survey day, GMT hour and minutes)
Cardé 1-1 ¢ Each contains a fixed parameter of the satellite orbit.

Cards 12 - 19 The Doppler and refraction counts for each 2-minute -

period.

Cards 20 -~ 30

These contain the variable correction data for:
the satellite orbit.

Card 31 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 showg 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 to a structure compatible
with the CDC 6600. Fairly extensive editing was required on these 6600
tapes before computation of the fixes could continue. 'The most commonly
occurring errors may be summarized as follows.

(1) Frequently the same fix might appear on the tape two or more times
sequentially. This stemmed from the original on-board computafion when an
attempt was ma&e to improve the fix position by deleting suspect counts or
manually changing input data before reca,lculati;ig the fix. In all cases the
fix with the most complete data was retained and tPe others deleted.

(2) Owing to an error in re—formattiné 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 wére assumed to be
correct. It was also found quite often that data frdm one fix would be
mixed up with those from the folloﬁing fix.. This usuaily applied to
the last few cards of the fix and frequently resulted.in data being out
of format in the last card.

All these errors were corrected in the data tapes using edit cards
and program NFILE. This program produces a new daté tape with the
corrections incorporafed 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 iQ obviously in
error. However, there may still bé minor errors in the data which have
a less obvious effect on the fix positi§n, and these could be found only
by detailed compaiison 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
processing will reveal which fixes still contain data efrors.

If it is necessary to make alterations or corrections to the
fix data for the computation only, without altering the data files,
it may be achieved by using edit cards 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.
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3. SATELLITS FIX COMPUTATION METHODS

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 (say 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 may 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 way the approximate values which are initially given to
the unknown variable parameters are systematically-improved to the
required precision. These variables will always include latitude and
longitude, but there are other parameters which are not always known
accurately and which it may be useful to treat as unknown variables in
order te 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
daqual 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 lese 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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(1) The positions of the satellite at the start and finish of each
2-minute count are calculated from the orbital parameters and the variable
correction terms. This is done in subroutine S®TXYZ while the étandard
corrections to the Doppler counts for the ionospheric refraction effect

(Halamandaris & Gilbert, 1971) are made in subroutine SETDATA.

(2) Subroutines POS{, P0S2, POS3, and POS4 perform the actual fix
computations, each for a different set of variable parameters. Any one of
these routines may be selected at the option of the user. |

POS1 - latitude, longitude.

POS2 - latitude, longitude, offset frequency.

POS3 - 1latitude, longitude, geoid height.

POS4 - 1latitude, 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 may be desired. In order to folloﬁ through the computation

POS2 will be considered.

(3) Using the approximate values of latitude and longitude the theoretical
position of the ship at the béginning 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 change in range found from the Dopplér count,
giving the residual at each gount; DL1, 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 = A¢,AA



and Af. Let the ship-satellite range at the start of count k be

related to the three variable parameters by the function

R—F(cp)\f)

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

R=F (¢+ Ag, n+ AN, f+ AF)

k

Assuming the errors to be small this may be expressed to first—order

accuracy (Whlttaker & Roblnson, 1924) as

F (&, xf)+ar-;. D¢ +8F.AN+3F,. Af
B¢ ) Y

Now the differenée between the measured change in range during the kth
count and that computed from the approximate values may be expressed from

the above equation and is equivalent to the residual DLk.

[R Ru..] [F(¢xf) ".(qb,x,f)]

(SF,, SFM) A¢+(§|: g;‘h,) Ah(s_lfr §'f: ) JAf
¥ 14

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

- partial differential during a count as follows:

Cu= 8F - SRy Cou= 8F, _ 8F., G, = 8F, - 8F.,

8¢§$ ETNE 7Y §5f  Bf
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 establlsh a linear equation for each count.

DL,= C,.A¢+C, .AX+C, .Af for k= 1 ton

If there are more equations than there are unknowns there will not usually
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be a unique solution 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 A ¢,

AN , and A £ the error in the above equation may be expressed as

E,=C,.x +C, .y+C .z2—- DL,

The sum of the squares of the errors is

E n 2 n . 2
s = 2 Ek = 'EO(C“.X + Czn-y +C3k.2 -DL'()

k=1

FN

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

(<]
w

=0

:0’ g_ys:o,

o:'oo
®in
o

z

Pa.rtially differentiating with respect to each variable we obtain three

eqnations:

+£C,.C,.y. + £C,.C,.z-5C,.DL=0

_8_§ = chk' x

3x

8S = £Cp.Chx  + ZCopuy + 5Cp. Cyo2 = £Cp.DL, =0
3y

88 = £C,, .G, .x* 26, .G, .y * EChz - %0, .DL=0
8z

Since the number of equations now equals the number of unknowns, a unique
solution may be found which will fit the least-=squares condition. The
solution is most easily found by matrix inversion. Substituting back for

the variables A @, AN , and Af we may express the equations in the

following matrix form:




B, Ay A Ags A¢
B2|=| Az Azz Aazjx | AX
B, Ay Ay Asy Af

where B, = IDL,.C,
and A”= ZC“‘.C“

The solution to the unknowns A ¢, AN, andA 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 A #,AN\, and A £ 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 deriviné; the original linear equations which are
accurate only for infinitely small differences in ¢, A, 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 the required precision. If this does
not occur after twenty iterations the process is terminated with an
informative message, but convergence is normally obtained in no more than

four iterations,
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4. TROPOSPHERIC REFRACTION CORRECTION

The Doppler shift observed by a receiver on the Earth's surface
in a signal transmitted from a satzsllite is not as it would be in a vacuum.
The path and the speed of transmission of the signal are affected by
variation 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, yhich depends on the frequency of the
transmitted signal, and the other is that due to tropospheric refraction,
which is not frequency dependent. The first may be computed from Doppler
counts téken at two different frequencies, but the second must be
domputed indepéndently.

Tropospheric refraction depends on the density and humidity of the
eir through which it passes. The Earth's atmosphere is assumed to vary
only with height, but even so the full expression for range correction
ig 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 éompute the
tropospheric range correction in BMRFIX.

The total range correctian[%p 1o is considered to be the sum of

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

APtro = (APOro )¢+(AP"0 )w

The approximations for these terms are:

(Apira)y= K, P cosec E°+8, km

- n [2 2
(Aptro )n: K' cosec E +6 w km

E is the elevation of the satellite from the receiver and ed and ew are
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empirical parameters (in the same units as E). The above expre:sions
give very good approximations of the components for elevation above 50;

and quite good ones as low as 2°, with the following parameter values.

o]
od = 2.5

o
0" = 1.5

P is the observed local pressure at anrtenna height, and K_d is a constant
whose value is known to quite high precision. Its best current value
is |

K, = 2,278 x 1o'_'8 km/nillibars

Kw varies with latitude, season, and weather and a value may be chosen

according to the following list of observed averages.

K" | Place, time
0.28 x 107> km .TrOpics or mid-latitude summer
0.20 x 10~ km Mid-latitude spring or fall
0.12 x 10”2 Xm Mid-latitude winter
0.05 x 107> Xm Polar regions

On BMR surveys up till now the recording of satellite fixes has
not been accompanied by the measurement of atmospheric pressure so that
the following approximations are made on the basis of average sea~level
pressure
KP = 2,31 x.107 kn
K, =0.20 x 107 kn

The range correction for a single ray path is about_2.5 metres at
90° 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
tbwards the orbit along the slant-range vector for a high pass, and about

80 m for a 15° 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
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
fa % W02 i the valne of K affects it by about 4 percent.

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
may 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 erroré inherent in
taking fixes from a moving vessel. The approximate equations ﬁsed in
BMRFIX would therefore seem to be quite adequate. It would be advisable
in future, however, to measure atmoépheric pressure at fhe time of a fix
in order to eliminate any error due tb the dry component. It may 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 cdrrection even more an algorithm derived by Yionoulis
(1970) may be used. In order té 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 form
of numerical summations which may be taken to the number of tenmé 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 ABOVi THY REFERENCE SPHEROID

Any position on the Earth's surfa&e may be defined by reference to
a apheroid of best fit. Since the geoid is an irregular figure such a
position cannot be defined by latitudé and longitude alone, but must also
be specified by its radiai distance from the spheroid surface. The radial
distancevof 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 ité surface. The APL (Applied
Physic Laboratory) spheroid with an equatorial radius of 6378144.0 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
biaged 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 147 metres in the X, Y, and 2
directions respectively. No significant rotational difference between
these two spheroids has yet been detected.

If the same position on the éaoid is referred to different spheroids
the latitude and longitude of tﬁat position in each case will be different.
In the case of the APL and the Australian National spheroids the differences:
approximate to 5 seconds of latitude and 4 seconds of longitude over the
Australian region but may be computed precisely for any position. The
Transit satellite navigation system is based on the APL spheroid and
therefore it is convenient to calculate posifions which are referred to
that s&stem.

Geoid heights for the APL 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 originaliy written
onto the satellite data files by the Compagnie Generale de Geophysique

(CGG) 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 may 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 height may
be several hundred metres in error, while with poorér, low-altitude fixes
the error may rise to a few thousand metres. Comprghensive 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 litfle promise for fixes taken at sea.



-15~
6., OFFSET FREQUWNCY OF THI RIFLRENCE OSCILLATOR

The Doppler shift of.the sateilite 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, vary from satellite
to satellite and change with time as the oscillator frequencies drift.

One way 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
aécuracy. But if fhere 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 particulér 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 may be attributed to the errors in other
parameters as ﬁentioned 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 may 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 significant reduction of scatter when such a
procedure is followed.

Accordingly the offset frequencies at all fixes were computed and

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 days. In one or two
instances the drift curve of a particular satellite appeared to change
unusually rapidly for a few.days and it was decided 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 may be
accessed from BMRFIX and the offset freduency for a satellite at a

required time determined by linear interpolation between values.
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7. DETERMINATION OF SHIP VELOCITY AS AN UNKNOWN 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 Barth's surface is known. Sluiter (1969) has outlined the
theoretical effect of velocity erroré 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 45° satellite elevation while that
due to easterly velocity _ reduces continuously with satellite
elevation. The magnitude of the effect is such that a 1-knot érror in
northerly velocity will alter the position derived from an average five-
count fix by about 0.25 nautical miles for a_15° elevation, 0.2 n.m. for
a 45° elevation and 0.5 n.m. for a 75° 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 displayed in Figure 2. They demonstrate the close relation of northerly

velocity with longitude and éastefly velocity with lafitude, 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 O.1 n.m. Ship's speed may "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 geries of fixes recorded in port, where the correct velocity is of course
gero. Ten fixes at Newcastle and eleven fixes at Port Adelaide were
computed in this way and the positions were plotted (Pigs. 3, 4).
It should be noted that in most fixes more counts
were taken dufing 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 counfs recorded.

Ail 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 §f the
variables, with occasional errors in the calculated values 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 Figures 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 course improved by the fact that the easterly vechity was correct
in this case since it was know# exactly. Greater divergency would be
expected with errors in the easterly velocity.

Computation with both velocity components as variahbles 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 latter technique might be usefully
applied for on-board computation, but for post—processing of the
navigatioﬁ 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 thereby incfeasing their number

it may ﬁell be possible to increase the statistical reliability of a
computed position since the ratio of equations to unknowns will be improved.
Some reduction 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 may 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 cdunts used in its computation. A count
duration of 24 seconds has been found to give good results but it is thought
that optimum precision may yet be achieved using counts of 20 seconds

§r less (Dennis, 1974).
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8. USE OF 2-MINUTE SHIP POSITIONS IN FIX COMPUTATION

If the components of ship velocity are not to be treated as variable
it is necessary to decide how the motion of the ship may 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 conaiderablg doubt as to the
accuracy of these wvalues.

A sequence of 33 fixes taken on the shelf in the Great Australian Bight
was exaﬁined to estabiish an order of magnitude for thé velocity errors.
Since the sonar Doppler signals reflect from the bottém in these waters,
an absolute velocity, acquired by 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 genéral survey data files and that
manually inserted on satellite data files was plotted for each fix
(Fige 5)« The differences almost all lis within a f-knot radius end
are fairly evenly scaxtefed. The inaccuracy of the values manually
inserted in the satellite files is clearly evident and hard to explain
since the same sonar bOppler 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 sanar Doppler
velocities,

When both northerly and easterly velocity were treated as variable
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the differences with sonar Doppler velocity were extremely large as might
be expected, especiallylthe easterly component. With northerly velocity
vériable 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 counfs 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 valﬁe 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
gsample data tapes. They can be set up as explained below to provide
dead-reckoned positions whose absolute accuracy may 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 computation 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 may 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 t1-minute intervals
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also contain dead-reckoned latitudes and longitudes at these times,
| Subroutine VELDATA in BMRFIX reads off these positions over the period
of a fix and derives eastings and northings of the ship at 2-minute
intérvals. These are exprgssed 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 comﬁuting a fix is not changed. Only
the calculation of the ship co-ordinates and the partial derivatives of
the variables for each count is somewhat different. All computation
routines have been altered to use this method including POS4 which in
addition creates the change in northérly velocity as a variable.

This method of accounting for the motion of the ship should reduce
the final residuals below those derived using a uniform 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 watgr is gtill 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 current. 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. normally but on occasion may be as much 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 deadpreﬁkoned positions would be almost entirely
removed and thus the ship velocities derived from these corrected

positions would be of good accuracy. If there is an error of 0.5 n.m.
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in the fix position, however, it will renerate an average velocity error
ovér a 2-hour fix interval of 0.25 knotse. Were these new dead=reckoned
positioné to be used in a recomputation.of satellite fixes as described
above, the errors in the new fix positions would nof normaliy exceed
0405 nem., and even in extreme cases few fixes should be in error by
more than O.1 n.m. except in areas of rapidly varying current. Such an
accuracy is within the requirements of the survey.

Thig 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 compﬁting cost ard time.spent producing

the final resultse.
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9., CONCLUSION

The satellite fix computation program BMRFIX is now set up
in such a way that the user has considerable choice in how a fix may
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 satelliteipass geometry and the number and accuracy of the Doppler
counts may not be improved, but estimates of other parameters used in
the fix computation may be.

The height 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 thé APL are considered to be good to this accuracy.
The offset frequency is a much more sensitive parameter. However, plots
of thé 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 by taking values
from the long-term trend line.

The correction for tropospheric refraction is adequately
computed by the simplified equations used in the program. Considering
the accuracy éxpected and desired for a fix at sea it seems unnecessary
for more complicated algorithms to be used, but small improvement may
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 ﬁortherly and easterly velocity

components as variables met with mixed success. The derived velocities
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especially the easterly component, showed error often in excess of any
likely current. Using the dead-reckoned value for easterly velocity
and varying only the northerly componeht, 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 oflboth velocity
components in the future by recording a gréater number of Doppler counts
of shorter length, thereby improving 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 tying it to the fix
positions, and the fixes are recomputed using the new dead-reckoninge.
Such a process will of course add considerably to the cost and the time
spent in processing the navigafioh 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 NeMe
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. APPENDIX
PROGRAM BMRFIX -~ DRIVING INSTRUCTIONS Aler2)
WRITTEN BY R,GARNETT ON 1,2.75

THE PROGRAM COMPUTES AND ASSESSES SATELLITE FIXES,

DATA IS INPUY ON LUN 4 FROM SATELLTITE FIXx DATA FILES,

THIS DATA MAY BE ALTERED FOR THE COMPUTATION USING EDIT CARDS,

A FILE CONTAINING ONE MINUTE DeR PNSITIONS MAY BF INPUT ON LUN i,
A FILE CONTAINING GEOID HEIGHTS MUST BE INPUT ON LUN 41,

A FILE CONTAINING OFFSET FREQUENCIES MUST BE INPUT ON LUN 42,
CARD IMAGES CONTAINING FIX TIME, COMPUTED PDSITION, AND VALUES OF
ASSOCIATED PARAMETERS ARE OUTPUT ON LUN 5S4,

(ISR ER AR R R X R RRR R R 2R X XX R R a8 R AR X222 X2 X220}

RIiZZII2 LY CONTROL CARDS FOR RUNNING ON THE CYBER 7620 TITTTITTI I

FIRST CARD SENDS JOB To THE CYBER,,,..*CY, CHARGE COOE FOR TERMINAL,JOBNAME
BMRFIX,TSB,NL2,
ACCOUNT(CHARGE CODE)

CRARS QEQUEST TAPE CONTAINING LATEST ONE MINUTE D=R POSITIONS,
T2 L THIS IS OPTIONAL,

LABEL,YAPEL1,R,LeSTAPE LABELS,

STAGE, TAPE)I,NT,HD,PRE,STs0OLT,VSNsTAPE NO,

. kERWW REGUESY TAPE CONTAINING SATELLITE FIX DAYA FILES,
LABEL,TAPEU4R,R,LeSTAPE LABELS,
STAGE,TAPEYO,NT,HD,PRE,STsOLT,VSNSTAPE NO,

i

waann ATTACH FILE CONTAINING APL GEOID HEIGHTS, (
ATTACH, TAPE4Y,GEOID, IDSCCOMRXMD, . -

T L ATTACH FILE CONTAINING LONG=TERM GFFSET FREGUENCIES,
ATTACH, TAPE42,LTOF,IDsCCOMRXMD,

PTTT REQUEST PERMANENT FILE FOR LUN 5@ IF QUTPUT FILE TO BE SAVED
REQUEST, TAPES®, »PF, '

shane ATTACH AND LOAD BINARY LIBRARIES CONTAINING BMRFIX ROUTINES,

ATTACH,LIB2,PHASE2,IDsCCOMRXMD,
ATTACH, L IBS,SERVICE,I10sCCDMRXMOD,

LIBRARY(LIB2,LIBS)
_ AR E EXECUTE BMR?IX,
BMRFIX,
AR RE CATALOG LUN 50 FILE IF IT IS YO BE SAVED,

CATALOG, TAPES@,FILE NAME,IDsCCOMRXMD,CNsLEAVE,MOeSTRICTLY,EXaALONE,RP=2200,

..-.-.--.--EOS-,/Q/QPUNCHED!NCOLUMN-!--.‘..-.---.---

ARV AR ANR AN S ARSI AR AR TR RS "DATA CARODS X IR XTSRRI IR R R 8 0 S

"I CARD § e INDICATES WHETHER OR NOT A DeR NAVIGAYION FILE
ERRw R HAS BEEN ATTACHED,

FILE HEADER OF DeR NAVIGATION FILE IN B8A1QN FORMAT
S22 1) - OR

#NO NAVIGATION FILE
RAADE CARD 2 = SPECIFIES THE QUuTPUT FILE HFADER ON LUN S0

wRRA, EVEN IF THE FILE IS NOT TO BE SAVED,
OUTPUT FILE HEADER IN 8A10Q FORMAY

DRIVING INSTRUCTIONS FOR PROGRAM BMRFIX

Record No1975/60 . . : : G449-112A
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APPENDIX
(20t2 )

CARD 3 « INDICATES Twe FIXES TO BE COMPUTED, THE PRINTOUY
OPTIONS ANU' THE METHOD OF COMPUTATION,
FIXES ARE COMPUYED WITHIN SPECIFIED SURVEY TIMES,
STARY TIME COLS §=10, END TIME COLS (1«20, 2F10,7 FORMAT
IN GENERAL =
A FIX IS ALWAYS ASSESSED BEFORE 1T IS COMPUTED.
ASSESSMENT INVOLVES DELETING EACH COUNT IN TURN YO SEE
THE EFFECT ON THE RESIDUALS OF THE LACK OF THAT COUNT,
FOR FINAL COMPUTATION COUNTS ARE DELETED SYSTEMATICALLY
UNTIL RMS OF RESIDUALS IS LESS THAN 1S METRES,
FOR FINAL COMPUTAYION OF EDITED FIX MOWEVER ONLY EDIT
INSTRUCTIONS PREVAIL, NO COUNTY DELETIONS BASED ON
ASSESSMENT ARE MADE,
A LISTING OF THE OUTPUT FILE ON LUN SO ALWAYS APPEARS
AT THE END OF THE PRINTOUT,
THE FOLLOWING OPTIONS ARE SPECIFIED BY TWO PARAMETERS
ILISTsy, ALL FIXES PROCESSED AND LISTED
(ONE PAGE FRINTOUT PER FIX)
2, ONLY EDITED FIXES PROCESSED AND LISTED
3, ALL FIXES PROCESSED BUT ONLY EDITED FIXES LISTED
I1POS =4, VARIABLES ARE LAT,LONG
2, VARIABLES ARE LAT,LONG,OFFSET FREQUENCY
3, VARIABLES ARE LAT,LONG,GEOID HEIGHT
4, VARIABLES ARE LAT,LONG,SHIP"S NORTHERLY VELOCITV
JLISTY COLS 21=30, IPOS COLS 3t=d@, 21102 FORMAT
ILIST 1POS

IF THE DATA FOR ANY OF THE FIXES IN THIS SEGUENCE IS TO BE
CHANGED THE EDIT CANDS ARE INSERTED HERE,
EACH FIX MAY BE EDITED IN THE FOLLOWING WAY,

FIRST CARD SPECIFIE> THAY EDITING IS REQUIRED AND TRE
SURVEY TIME OF THE FIX IS PUY IN COLS 11e20,

DATA CARDS WHICH ARE TO BE EDITED ARE THEN SPECIFIED
WITH THE REPLACEMENYT CARD SHOWN IN COLS {=70
AND THE NUMBER OF THE CARD TO BE REPLACED IN COLS 79-80,
(CARD ONE IS THAT IMMEDIATELY FOLLONING THE FIXTIME CARD)
FOR EXAMPLE
il
19
138E 180,07 8.0 2.0 ) 31

IF A wEDITFIX CARD IS INCLUDED WITH NO EDITING CARDS THE

EFFECT WILL BE TO PREVENT ANY ASSESSMENT COUNT DELETIONS
IN FINAL COMPUTATION,

ANY NUMBER OF FIXES IN THWE SEQUENCE MAY BE EDITED IN THIS
FASHION BUY EULIT CARDS MUSTY Rt ARRANGED IN THE SAME ORDER
THAT THE FIXES ARE CNMPUTED,

A SINGLE FIX MAY BE RECOMPUTED ANY NUMBER OF TIMES WITH
DIFFERENTY EDITS BY REPEATING THE w»EDITYFIX CARD FOLLOWED
BY THE APPROPRIATE EDITING CARDS,

EO0S « 7/B/9 PUNCHED IN COLUHN | « « = = ® = = © o = ®» = =«
SPECIFY ANY FURTHER SEQGUENCES 0OF FIXES WHICH ARE TO BE
PROCESSEN BY REPEATING CARD 3 PLUS ANY EDITING: INSTRUCTIONS
FOR FIXES IN THAT SEQUENCE,

TERMINATE EACH SEWUENCE WITH AN END OF SECTION,

EACH SEQUENCE MUST CHRONOLOGICALLY FOLLOW THE PRECEDING ONE,

EQOIl = 6/7/R/9 PUNCHED IN COLUMN § % % % & % & % &% % & & & @
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5243328,0 3025545,0 241y, C 23,0 3c4,0 -15,0
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-353,9 4711336,9 233140 75,0 1540 -25%.0
13395,0 : 72.C 118.0 9.0
1336255,0 64,0 84,0 46,0
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LOCX=ON TIME & 1350 GMT COURSE = 328,1 DEGREES LONG-TERM OFFSET FREQUENCY = 32069,88 WERTZ
EST; AT = <=27,8 DEGREES SPEED =  9.11 K\NJTS SATELLITE MOVING - SQUTH
EST, .ONG = 113,88 DEGREES GFOID HWT vz, ANTEYNA = 13,3 MFTRES MAX]MUM ALTITUDE - 25, DEGREES TU wWEST
FIX TIME = 1400 GMT LATITUDSZ 28 12,817' SIUTH

LONGITUIE 113 54,658 £AST
FIX SHIFT PER KVOT ERKOR - VITH : CLAY L0630 N DLI%G ,268' E
FIX SHIFT PER XNOT ERROR - JRTHIAST DLAT J0Nd* S 2LING ,215"
FIX SHIFT PER xv0OT EPRQR - ZAST DLAT . ,6686' S DL NG ,036' E
F1X SHIFT PER XNOT ERROY = 33JUTHZAST DLAT N8I § NDLING L1640 W
S=1FT CAUSEN Hy 130" ERIOR IN GEJID DLAT ,0174% N DLONG .050°* E
s~1FT CAUSED Ry DERIVING Dvv oLav .013* S DLONG ,058" W DVN ~ ,22 KNQTS TO THE SOUTH
SAIFT CAUSEN 8Y USI G AVERASE VE_OZ]Tr DLAT «003' N DLING ,003" E
RESTUUALS IN MIT2ES '
ALTITUDE [VPUT DATA NIORT 4 “IRTH-EAST EAST S0UTH=EAST Ge0ID HT ' DERIVED VN ~  AVGE VEL
3, Y0 10. 5,065 ©20.3) . 18,51 9.78 -.78 7,93 3.69 7417
10, r0 17, -15,13 . -15,32 -13,33 -13,10 -13,56 -15,12 -15,10 «13,05
17. T0 24. 6425 -3.7) =55 6445 13.43 _ 540 8,41 4417
2‘. T0 250 ' 1.24 '1'01’ . “1.,75 '1086 1.46 099 1'76 1,04
25, 10 19, ~,65 3,53 4,43 ~2.61 -8,50 10 -2.63 146
19, T0 12. 3.13 6,79 6,64 - 4,44 1,47 3,49 2,34 2,95 >
12, 10 5, . -7,38 -16.77 =10, 41 =-2,14 2,96 : -~8,08 -5,35 6,90 ~0
ade Yo (X X ] ..Cl.."" [ XXX 2N} segacssed etesscnsen (22X XXX X2 3 attosdere (A XXXENEXR] . ®esndodee —;P'
‘ o
R.M.S, RESIDUALS 7,35 12:3% 10,06 6,98 8,02 7.55 7.13 6,49 Ig
*177131400 2B 12.82 113 54.56 1350 328, 9.1 13.3 14 s 25, W 32069,88e x
N

SAMPLE LISTING OF COMPUTATION WITH VARIABLES—LATITUDE AND LONGITUDE
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B.,M,R, SATELLITE NAVIGAT]ON PR35a% - “[Xx ONn 1972/37/;5 AT 1350 USING SATELLITE 14 =~ SURVEY T[ME 17,1381350
FIXED DAYA DopPp_Ea AyD EFATrIy : VARABLE DAYA
%2e3928,0 3025540, 200y, 29,0 304,0 =-15,0
3724457,0 3151416.3 1975, 40,0 30440 4,9
1645967,0 34:3125.9 1992,9 32,0 29540 -10,0
193t7 0 3795844,0 203,47 51,0 273,0 -0,0
5125 4127033,3 2u1)42) 69,0 25340 -a.n
745416 " 4479171.,0 203343 74,0 223,0 -15.0
605541.0 ) 4634322.,0 2ul3,) 76,0 19C,0 3,0
=553,0 471133%,9 2023, 75,0 154,0 -25.0
13398,0 ) 72,0 118,0 9.9
1396155,¢ ] 54,0 84,0 46,0
999310,0 4,0 54,0 14,0
ASSESSMENT OF R,M,S, RESIDUVAL (IN METIES) JSING LONG-TERYM OFFSET FREQUENCY AND REMOVING ONE COUNT
ALTITUDE ALL COUNTS  COUNT g - CIINT 2 COUNT 3 COouNT 4 COUNT 5 COUNT & COUNT 7 COUNT 8
3: YO 10 1372 asssesnne 11+86 - 1738 13:62 14.44 14495 . 16.04 6165
10. T0 17, -7,16 -4,14 ssrrenene “1.91 -7.33 -7.05 -6,230 : -4,67 “15418
17. T0 24, 42,17 15,30 9,40 escsensse 11.90 10,55 12,47 13,67 6,29
24, v0 23, -.46 1,19 -2,22 4,92 essussnse -4,69 -2,08 -1,83 1,24
25. 10 19, -9,98 =10.79 =9,91 =3,07 -10.21 #s0cacese 13,04 13,93 165
19, 710 12, -72.70 -3,59 6,63 - «5,30 -7,82 -12,07 ssseasses -11,92 3,13
12« 10 S ‘16142 -18.32 "15+20 -17,88 -16.47 «19.45 ~18.,68 | essssssscae =7439
5, T0 =4, 62,52 60,839 53,62 69,94 62,50 60,46 60,86 55.95 sesssnsen
R,M,S, RESIDUALS 24,30 25.37 25,79 25.:35 25,98 25.55 ) 25,75 25,07 7,35
$55855533S REJECTIIN OF CIUNT 8 REDUCES .M.S. RESIDUAL TO 7.4 METRES - BELOwW ACCEPTABLE LIMIT OF 15,0 METRES
LOCK-IN TIME = 1350 GMTY COURSE = 228,1 DEGREES LONG-TERM OFFSET FREQUENCY = 32009,88 HERTZ
EST: LAT =z =27,8 DEGREES SPEEL = 2,11 KNOTS SATELLITE MOVING - SQUTH )
EsY, _oNG = 113,8 DEGREES SEQIL v 1yS, ANTEynA = 13,3 METRES MAX]vym AL T|TUDF - 25, DEGREES 710 WESTY
FIX TIME = 1430 GMT LATITUDE = 28 12,809 SIUTH
LGNSITYIE = 113 54,658 £aSY COMPUTED QFFSET FREQUENCY = 32069,83 HERTZ
FIX S4IFT PERI KNOT ERROR = )3T+ OLAT 66317 N DLONG 268
FIX S4IFT PER XAOT ERROR = VQITHZeST - DLAT 004 S DLONG ,215¢ E
FI1X SA41FT PER KnOT ERROR - EAST TLAT 068" S DL oNG ,036' E
FIX SHIFY PER KNOT ERROR - 30JTAHZ4ST DLAT 083" S DLING L1640 W
ShIFT CAUSEC BY 100M ERIOR [N GEJID JLAT «004* N DLONG 050" E
SH]FT CAUSED By - DERIVING Dvy DLATY ,013' S DLONG 058" W DVN ,22 KNOTS 10 THE SOUTH
SHIFT USING LATITUDE=LONGITJUDE IVLY DLAT 009 S DLONG ,000° E
RESIDUALS IN METRES
CALTITUDE NEW OFFSET QDRT4 NIRTH-EAST EaST SOUTH=EAST GEOID HT DERIVED VN - [INPUT DATA
3. 10 10, - 9,65 20,32 13.51 . 9,78 -.78 7,93 3.69 _ 6,65
10. 70 17, ~13,51 -15.32 -13.83 . =13,10 -13,56 15,12 =15,10" «15,13
& 17, T0 24, 5,80 ~3.7) ~.65 - 6,45 13,43 5,40 8,41 6,25
24, TO 25, -,62 -1.,17 -1.95 -,86 1,46 99 | 1,76 1,24 >
25, 10 19, -1.41 8.5) 4,43 -2,61 ~8,5¢0 10 -?2,63 -, 65
19. Y0 12. 4,54 5,73 6.64 4,44 1.47 3,49 2.34 3418 ,_:8
12, 0 3, -4,45 -16,77 -10.31 ~2,14 2,96 -8,06 -5,35 T =7,38 M
ads TO (X X ] Ssnspissae (XXX XA [EXEXXENY) sossdsate Sadodssns atesetane [ XXX XER ] I XXXEXXXR} g z
O
P -3
R.M,S. RESIDUALS 7,09 12,31 10.06 ’ 6,98 8,02 7,55 7,13 7,35 ,,;E
-17 +131400 28 12.01 113 54,66 1350 328, 9,1 13,3 14 S 25, ,32069,83¢ N

VSlI-6vv9

SAMPLE LISTING OF COMPUTATION WITH VARIABLES-— LATITUDE,LONGITUDE AND OFFSET FREQUENCY
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b B.M,R, SATELLITE NAVIGATION PROG3AY = FIX ON 1972/07/15 AT 1350 USING SATELLITE 14 - SURVEY TIME 17,131350
(2]
3 FIXED DATA DOPPLER AND REFRASTION VARIABLE DATA
z 8243928,0 3025540.0 200).0 . 2%9.0 304.0 =15.0
= R 3724457, 3161416.0 1998, 0 40,0 304.0 4,0
e 1645067,0 3413126.0 1992.0 52,0 295.0 -10.0
¢ 19847.0 3795844.0 2003%.0 _ 64.0 278.0 -0.0
) 5125.0 4197033.0 201),0 69,0 . 253.0 -4,0
o 745416,0 4479171.0 2003, 0 74,0 223,0 -15.0
605541,0 4634322.0° 2003.0 76,0 190.0 3.0
'55300 ‘71133600 203).0 7sl° 154-0 '2510
13398,0 ] 72.0 118,0 9,0
1396055,0 ) . 64,0 84,0 46,0
999910,0 54,0 %54¢.0 14,0
ASSESSMENT OF R,M,S, RESIDUAL (IN METIES) JSING LONG-TERW OFFSET FREQUENCY AND REMOVING ONE COUNT
" ALTITUDE " ALL COUNTS . COUNT 1 CINT 2 COUNT 3 COUNT 4 COUNT 8 COUNT 6 COUNT 7 COUNT &
3. 10 10. 13,72  eecasccee 11.86 - 17,38 13.62 14,44 14.95 16,04 6,65
10. 10 17. =-7.16 ~4.14 ®evcscses S =1.9 -7.33 -7.08% -6.00 ~4,67 *15413
17,.. T0 24. 12.17 15.30 9.40 essssssese 11.90 10.5% 12.47 13,67 6429
24. TO 23. =,46 1.10 -2.22 4,92 8sasseee -4,69 -2.,08 -1,83 T 1124
25- To 19t ‘9'96 '10.79 '9-91 '!.07 -10.21 LARA A 22 L) '13-0‘ -13193 'lb,
19. 10 12. =7.70 -9,59 -6.63 - =8,30 -7.82 «12.07 sssvsence 11,92 3,13
12. 70 3, ~16.,42 -18.32 “15.20 -17,88 ~16.47 -19.45% ~18,68 ecccanese . =7,39
S. 10 ~1. 62.52 60.89 53.62 60,94 62.50 60.46 60.86 59,95 cacssssse
R.M.S, RESIDUALS - 24,30 25.37 25.79 25.35 25,98 25.5% " 25.75 25.07 . 7,35
’ $358535533S REJECTION OF CQUNT 8 REDUCES 3,M,S, RESIDUAL YO 7,4 METRES =~ BELOW ACCEPTABLE LIMIT OF 13,0 METRES
LOCX=ON TIME = 1350 GMT COURSE = 328,1 DEGREES LONG-TERM OFFSET FREQUENCY s 32009,88 MERT
EST, LAT = =27,8 DEGREES SPEED = 9,11 KNOTS . SATELLITE MOVING. « SOUTH :
EST, LONG = 113,8 DEGREES GEOID HT INZ, ANTENNA = 43,3 METRES MAXIMUM ALTITUDE =~ 25, DEGREES TO MWEST
FIX TIME . = 1400 GMT LATITUNDZ = 28 12,826' SIVTH .
LONGITJUDE = 113 54,543' EASY CONPUTED GEOID WEIGHY INC, ANTENNA s -217,8 METRES
FIX SH4IFT PER KNOT ERROR <« NOARTHW DLAT ,060! N DLONG ,268' E
FIX S4IFT PER KNOT ERROR - NORTWHZAST DLAT ,004' S DLING 215" E
FIX SHIFT PER XNOT ERROR - EAST DLAT 068" S DLONG ,036' E
FIX S<IFT PER KNOT ERROR =~ SOUTHZAST DLAT 083" S DLONG 1164 W
SKIFY CAUSED By 100M ERROR IN GEJID DLAY 004" N DLONG . ,050' E
SwIPT CAUSED BY DERIVING DvVY DLAT 013" S DLONG ,058' W DVN +22 KNOTS TO THE SOYTH
SHIFT USING LATITUDE=-LONGITUDE INLY DLAT 009" N DLONG J115' E
RESIDUALS IN METRES _
ALTITUDE NEW GEOID NORTH NORTH-EAST  EAST SOUTH-EAST GEOID HT "DERIVED VN INPUT DATA
3. 10 10, 3.70 20.3) 18.51 9,78 -,78 7,93 3.69 6,65
10, 10 17. =15.17 -15.32 ~-13:83 .=13,10 -13,56 -15,12 15,10 =15,13
17. T0 24 8.23 =3.:7) -~ 65 6145 13:43 5.40 8.41 - 625
24, TO 2%, 1.84 Y -1.95 -.86 1:46 .99 1.76 1:24 ;
25, Y0 19. «2,36 8.5 4,43 =2,61 '5-50 10 '2.63 ) «,63 >
19. 10 12. 2.30 6.7 664 4,44 1447 3.49 2.34 3143 o
[} 12. 10 5. -5.78 -16.,77 -10.331 2.14 2.96 i -8,08 5,35 ©=7,39 -~
: oo To (XX ] Sasbedeas [ IXEXXX R eossedran assctanee I XYY XYY [XXXEXTX X ] [ XXX XXX] [ XXXXZXXX] olm
2 Z
f R.M.S, RESIDUALS 7.16 12.31 10,06 6,98 8,02 7.55 7.13 7.3% : o
5 #177131400 28 12.83 113 54.54 1350 328, 9.geeses 14 S 25, W 3206988+ x
>
N

SAMPLE LISTING OF COMPUTATION WITH VARIABLES — LATITUDE,LONGITUDE AND GEOID HEIGHT
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B8,M,R. SATELLITE NAVIGATION PROGRAM - FiX ON 1972/07/15 AT 1350 USING SATELL
FIXED DATA DIOPPLER AND REFRACTION VARIABLE DATA
8243928.,0 3025540.0 2000.¢ 29.0 304.0 -15.0
$724457.0 3161446,0 1996.¢ 40.0 304.0 4,0
1645067.0 3413126.0 1992.5 52.0 295.0 -10.0
19847.0 3795844.0 2008.¢ 61.0 278.0 -0.0
5125.0 4197033.0 2010.9 69.0 253.0 -4.0
745414.0 4479171.0 2605.3 74.0 223.0 ~15.0
6(5541.0 4634322.0 2078.¢ 76.0 190.0 3.0
-55%.0 4711336.0 2000.C 75.0 154.0 -25.0
13398.0 72.0 118.0 9.0
1396055.0 64,0 84.0 46.0
9¢991.0 54.0 54.0 14.0

ASSESSMELT OF R,%,S, RESIDUAL (IN METRES) USING LONG-TERM OFFSET FREQUENCY AND REMOVING

ALTITUDE ALL COUNTS  COUNT 1 COUNT 2  COUNT '3 COUNT 4  COUNT 5
3, TO 1t 13.72 edasgasse 11.86 17.38 13.62 14,44
10. Y0 17. " -7.16 4,14 sscssnanse -1.91 -7.33 -7.0%
17, Y0 24. 12.17 15.30 9.40 ssedscace 11.90 10,55
24, 70 25. -, 46 1.1 -2.22 4.92 sescscssa -4,69
25. 10 19, -9.98 =-10.79 -9,01 -8.07 -10.21 ssssasess
19. 10 12. «2.7¢ -9,59 -6,63 ~8.30 -7.82 -42,07
12. 70 %, ~16,42 -18,32 -15,22 -17.88 -16,47 -19.45
5. 10 =1. 62.52 60.89 63,82 60.94 62.50 60,46
R,M.S. RESIDUALS 24,32 25.37 25.79 25.35 25.98 25.55
1321331331 REJECTION OF COUNY 8 REDUCES R.M.S. RESIDUAL TO 7.4 METR
LOCI-ON TIME s 1350 GMT " CAURSE = 328.1 DEGREES

SAMPLE LISTING OF COMPUTATION WITH VARIABLES — LATITUDE, LONGITUDE AND

EST, LAY = «27,8 DEGREES SPEED =  9.11 KNOTS
EST,. LONG = 113.B NEGREES GFNID HTY INC. ANTENNA = 13.3 METRES
FIX TIME = 14G0 GMT LATITUDE = 28 12.830' SOUTH '
. LONGITUDE = 113 54,600' EAST COMPUTED NORTM VELO
FIX SHIFT PER KNOT ERROR = NORTW Di AT ,060°' N DLONG .268' E
FIX SHIFT PER KNOY ERROR « NORTWEAST DI AT .004* S DLONG .21%' E
FIX SHIFT PER KNOT ERROR = EASTY DI AT .066' S DLONG .036' E
FIX SHIPT PER KNOT ERRQOR « SOUTWEAST DI AY .089' S DLONG .164' W
SHIFT CAUSED 3y 100M ERROR IN GEOID DI AT L004°" N DLONG .050* €
SWIFT CAUSED 3Y DERIVING DVM Dt AT .013* S DLONG .058* W
SHIFT USING LATITUDE-LONGITUDE ONLY DI AT L013* N DLONG .058"' €
RESIDUALS 1IN METRES
ALTITUDE NEW DVN NORTH NORTHeEAST EAST SOUTH-EAS?Y
3. 10 1. 3.69 20.30 18,51 9.78 -.78
i 10. Y0 17/ «15,09 «15.32 -13,83 =13,10 -13.56
17. Y0 24, 8.41 -3.70 -,65 6.45 13.43
24, 70 25, 1.76 -1.17 -1.95 ~.06 1.46
25. 10 19, -2.63 8.5¢0 4,43 -2.61 -8.50
19. T0 12. 2.34 6.78 6,64 4,44 1.47
12. Y0 ¢, -5.35 =16.77 -10,31 -~2.14 2.96
L X X J TO_..O 208bessaa eGado0sasn ssgonaane [ XXX XY ] (ZZ XY ]
R.M.S. RESIDUALS 7.13 12.31 10.06 6.98 8.02
©17,131400 28 12.83 113 54.60 1350 328, 9,1 13.3 14 s 25. N 32069.8

ITE 14 =~ SURVEY TIME 17.131350
ONE COUNTY

COUNT 6 COUNT 7 COUNTY g
© 14.95 16{0l 6.65
-6.00 -4,67 -15.13
12.47 13.67 6.25
-2.08 -1.83 1.24
«13.04 -13.93 -.65
aGsptnsce . -11.92 3.13
-18.68 ssacesany -7.39
60.86 59,98 sesasssse
25.75 25.07 7.35

ES - BELOW ACCEPTABLE LIMIT OF 15.0 METRES

LONG-TERM OFFSET FREQUENCY ® 32069.88 HERYZ
SATELLITE MOVING - SOUTH
MAX]IMUM ALTITUDE - 25. DEGREES TO WEST

CITY = 0.00 KNOTS

DVN .22 KNOTS TO THE SOUTM
GEO!ID HWT -DERIVED VN INPUT DATa
7.93 3.69 6.65
.18.12 -15.10 -15,13 >
5.40 8.4 6.25 ,_'.g
.99 1.76 1.24 am
.10 -2,63 -.65 2>
3.49 2.34 3.13 =
-8.08 -5.35 -7.39 +0
[ EX X I EE R ] [ ZXEREXY YY) Setgstasas vx
.55 7.13 7.35 N

SHIP'S NORTHERLY VELOCITY
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PROORAM BMRF IX(INPUT,TAPESO = INPUT.OUTPUT,TAPE4D, TAPE4], TAPECR,
1 TAPESO,TAPEL)

DIMENSION LABEL(B), NAME(E) L ISTL(4,3).LI5T2(4,4)

CONMON/ORBIT/ TP, XMDOY,FP.DFP.EPS1,A0. WN,DONN,COSS.KG,SINS
COMNON/XYL/ DOP(I).REf(ei.XSA1|11).VSAT(11).ZSA'(xxl.DN(On.DIGO)
CONNMON/F X/ T OCKON, XL AT jy( ATo XL ON:-NLON.8H,SV,GH+N:NDOP(8), 7O
COmMON/SAVE/FIXTINE, IDEN g;).OVVSEY.SAVELIT.SAVELON.GMSIVE,O"SAIE
COMMON/ASSESS/SLAT,SLONG,RESID(9.8) . RNSI9).ALT(2,8). AL THAX.ISIGN
COMMON/LUN/ HVIN.LUNDOC.[UNGN-LUNL'or.LUNSAVE

COMMON/CONSYL/ g4.E6.E7.XuMN, DEORA.RANIN,FIVESEC

COMMON/CONSY2/ INORTM, 1SOUTH, JEAST, INESY,DUBIOUS, UNKNOWN
EGUIVALENCE (ARRAY,TP)

DATa (MTINgL), (LUNDOCS40), (LUNSAVE*50), (LUNGN241), (LUNLTOF 42}
DATA (Edsy E~4),(E8=y.E-6),(E7=g.E~7), (XKNMET).B6687)

DATA (pEnnA-o.oi745;zozgii.(aAnlu-:4J7.7ooal.(erESEC-o.oooaenos)

.. DATA (INORYME?H' NORTM).(1GOUTHS?H' SOUTH), (IEASTE6H' EAST).

1 (INESTugM) WESY),(DUBIOUA=1,0E9) . (UNKNOWNs1.0EL0), CANTENNAZLS,3)
OATA (LIST1(1,1)940HALL FIXES ASSESSED, PROCESSED AnD LISTED)

DiTa (LlSY:(],:)-luNEnl!;‘ FIXES ONLY PROCESSED AND LISTED )

DATA (LIST4(1,3)s40HALL F]xES PROCESSED, EDITED FIXES LISTED)

DATA «;lsr:(x.:»-nou;.rle°s AND LONGITUDE ONLY )

DATa CLIST201,2)a40HLATITUDE, LONGITUDE AND OFFSET FREQUENCY)

DATA (LIST2(1,3)s40HLATIT(IDE, LONGITUDE AND GEOID MEIGWT )
DATA (LIST2(1,4)40HLATITIDE, LONGITUDE AND NORTW VELOCITY )

CALL ERRSEY (KK,1000)
REWIND MTIN 8 REWIND (UNDOC §  RENIND LUNSAVE
PRINT 90 -

90 FORMAT(1MO,/)

READ 100, LABEL,NAME
100 FORMAT(8a10)
17 ( saBEL(1).EQ.10MeND NAVIGA) 110,120
110 IPVEL » 3 8 GO TO 139
120 IFVEL » 4 8 CALL LOOKUP(LABEL . MTIN.1,1,NFLAG)
17 (NFLAG,EQ.1) Call aBORT
130 CALL YODAY(NAME(8))
WRITECLUNSAVE.100) NAME

10 READ 20, TIME3,TIME2,1LIST,.IPOS
20 FORMAT(2F10,7,2110)
1P (EOF(60)) _30.40
40 CALL YODAY(IDATE) § CALL TIME(ITIME)
PRINT 190, TIMEL,TIME2, (LISTLCI,ILIST), 121,41,
ed tLIST201,1POS).1u1,4), [DYTE, [TIME,LABEL NANE
150 FORMAT(AKL.///7,40X, 0B M R, SATELLITE NAVIGATION PROGRAN,e,10(/),
4 28x,ePOSITION FIXES BETWFEN SURAVEY TIMES *.F10.6.¢ aNDe,F10.6,
L 7777+39%04M20.7//7,30X,aROLVING FOR = o,4410.
OMPUTATION ?pnnsucED ON ®:A10,0 AT  e,A10.
AVIGATION FIIE LABELLED e.1Me,8A10.1Ne,
4 10(/),15X,0SATELLITE FixPS SAVED ON »,1He,8A10,1Ks)

190 CALL NEXTPIX(TIMEL, TINE2,ILIST,[FEDIT.IFEND)
G0 YO (200,10) IFEND

200 caLL SETDATA
CALL SETXY?
CALL VELDATA(IFVEL)

CALL GEOJONT(FINTINE, XLAY,XLON,GH. IFGH)
G0 70 (170,190) IFOH

CALL OFFREQ(FIXTINE, IDENTi3),0F FSET, IFLTOF)
G0 Y0 (180,190) [FLTOF

1

100 SAVELAY » XLAT 5 xLa} o xLATeDEGRA
SAVELON » XLON S xLON = XLOweDEGRA
GH o GMeANTEWNA §  OWSAVE s GN
oFFSavE » oFFSE}
CALL 4SSESSLIITEDITY.ILIST)

60 10 (300,310,920.330) fros :
300 CALL POS1(XLAY,¥LON.0.0.8.0,04,70,1,NDOP,N) $ GO T0 340
310 CALL POS2(XLAYT.XLON.0.0.8.0.G4.70.1.NDOP.N) $ GO 10 340
320 CALL POSI(XLAY,XLON.0.0,0.0,0K,T0,1,NDOP,N) § GO TO 340
330 Cap| POSEIXLAY. XL ON.SVN.0.0.64,T0.1,.NDOP.N)
340 SLat » lLAYllll‘l S 8i0NG = XLONGRAMIN

CALL WIONSAT(ALTHAX)

IF CIL197,€0.3.aND. IFEDI#.E0.1) 220,210
220 CALL SATSAVE(D) $ GO0 Yo 190
210 CALL LISTFIX(IPOS!
CALL aS3gSSRCIPOS)
CALL SATSAVE(L) s G0 Yo 390
30 CALL SATLISY
PRINY 3 .
9% FORMAY(////+30X,1001H8) . J0X,0END OF BMRFIX COMPUTATIONSe)

{ L]

FORTRAN LISTING OF PROGRAM BMRFIX

Record No1975/60

OnRF X
BRRF X
BMRF | X
BMRF IX
BRRF X

BNRF I X
BnAF I X
BuRF X
GuAF I X
BNRF I X
BuRF X
anRfIx
8nRF1x
BMAF X
@uRF IX
BuRF I X
BHRF [X

BURFIX
[ L1183

- e e
UM OOBNTELUN

APPENDIX 3
(1 ot 17)

6449-118A
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SUBRCUTINE LOOKUP (1CARD,LUN,NEQF NPARITY NFLAG)

VENSION CREATED @1/886/7Y
THIS SUBHOUTINE wAS TWwU eNTHY POINTS
1. LOORUP « SEANCHES 4 MAGNFTYIC TAPE SEQUENTIALLY FOk &
BUPPLIED PILE NaAmg,
ICARD « FILF LABEL YO sE 7OUND
LunN = LOGICAL UNIT FOR SEARCH
NEOF « NUMALE NF CONSECUTIVE tOFS AT END OF PWOCESSING FILE
NPARITY « PARITY DF SEARCW “ONE FOR LUN CONCEANED
1 = 0DDN PAWITY (BUFFELR) N

A = EVEN PARITY (AUPFLW)

e} = REAN MONE FOR FORMATTED DAY
NFLAG « INUDICAYOR, PeFILE FOUND, te FILE wNOY YQUND

2.8CTCOPY » ALLOWS TAPt CONTENTS UP TO 4 REQUIRED PILE TO %t
COPIEN ONTO a NEw FILE, CALLING PINAMETFNS axEQ
CALL SETCOPY (1CAAD,LUNSAVE NEOF NPARITY, NwONDS)

ICARD = ARMAY [N wWHICH BUFFERED DATA 1S TEWPQRARILY STQORED

LUNSAVE = LOGICAL UNIT FOR OYTPUT COPY

NNQRUS « NUMBER OF wUORDS In BUFFER Ow READ

OIMENSION LABEL(8),]CARD(S)
DATA (ICOPY » @)
DATA (I3K1Pe))

S IF (ICARD(1),.C0,1AHRENIND ) 13,20
18 REWIND LUN ] NFLAG & [ ] RETURN

20 IF (NPARITY,GE,0) 30,40
3@ BUFPER IN(LUN,NPARITY) (LABEL(1),LABEL(8))
IF (UNIT(LUN)) T0,288,70
a@ READ(LUN,S3) LABEL
Sp FORMAT(841R)
17 (EOF(LUN)) 280,60
A0 IF (INCHEC(LUN)) 72,70

79 VO A2 Kxey,8
IP C(ICAPD(R) ,EU,LARFL(K)) 89,100

49 CONTINUE

PRINT SR, ICARD,LUN
90 FORMAT(//,10%,0FILEs, 32,1 Ne, na1A,1Ne,3%,aF0UND ON LiINe,T0,/)
NPLAG » @ ] RETURN

199 IF (1COPY,£0,1) 190,110

118 IF (ISx]P,.EQ,R) 11%,1%0

119 PRINY 120,LABEL,LUN

120 FORMAT(//, 101, 0F ILEe, 5K, 1ne, 8410, 0,3, «SK[PPED ON LUNe,14,/)

190 CALL BKIPS6(LUN,NPAR]TY)
17 (NEOF . E0,1) 20,180

. 180 DO AR Kap,wtOF

IF (NPARITY GE,.A) 150,160
190 BUFFER IN(LUN,NPAQITY) (LAHEL(1),LABEL(8))
IF CUNITILUN)) 130,190,130
160 READ(LUN,S8) LABEL
IF (EDFCLUN)) 1AM, 170
170 17 CIOCHEC(LUN)) 130,130
180 CONTINUE
G0 YO 29

199 PRINT 209, LABEL,LUN,LUNSAVE
20 PORMAY(//,10%,aPJLEs,SX,14¢,800R, | 4s,%%,0COPJED FROMe,la,s YOo,la,
17)

BACKSPACE Lum

218 IF (NPARITY,GE,0) 220,240

220 BUFFER IN (LUN,NPARITY) (LABEL(1),LABEL (NWORDS))
17 (UNEIT(LUN)) 239,270,238

290 NW @ LENGTH(LUN) ] KEQF o 2
BUFFER OUT (LUNSAVE NPARITY) (LABEL(1),LABEL(Nm))
IF (UNIT(LUNSAVE)) 220,220

260 READ (LUN,98) LABEL

IF (EOF (LUNY) 279,2%0
2%0 17 (INCHMEC(LUN)Y 247,200
200 KEOF ¢ @

WRITE (LUNSAVE,S0) LaBEL

G0 Yo 240

276 ENDPILE LUNSAVE
KEQF = XEQF +
1F (REQF EU,NEOF) 22,210

280 PRINT 299, ICARD,LU~

290 FORMAT(///7,301,75(1Me), /77,180, eFJLEe, 5K, 1Ne,B8A1R,1Ne,5X,
1 oNOT FOUNDe,/,14X,«IN BEQUENTIAL SEARCM OF WULTIPLE FILE ON LuNe
2,38,8 o IT MAY EXIST IN FILE REFONL STARTING POINTY OF SEAACHe,
3 /7,30%,79(1KRe),/ /)
REWIND LUN ] NFLAG » | $ . RETURN

ENTRY BETCOPY

LUNSAYE » LUN L] 1cory »
NWORDS o NPLAC

IF (NPARITY _EQ, =) AND NWORDS,GT,8) PRINT 380, YwOROS

300 FONNAT(/,10%,oNUNBER OF wOKDS FOR BCO QUTPUY IS e,I3,s ONLY A ma
1XINUM OF 8 13 ALLOwEDe,/) :
RETURN
ENTRY 3ETSKIP
10nIPeR s RETURN
enp

- Record No1975/60

LOOKYP
LooxyP
L00nuP
LOORuUP
LOOKUP
LOOxuP
LuOruP
L0NnyP
L0dxuP
LOOKUP
L00nuP
L00auP
Loneypr
L00nuP
Lo0xyuP
Looxrur
L0ooxuP
LoOxuP
LOORYP
LOOKyP
L00rUP
LOoOKUP
L0oxyP
L00xUP
LooxuP
LOOKuP
LOOxyuP
LO0xuUP
L00auP
LO0nyP
L00xuP
L00ry®
LOOxuP
LooRuP
LOOKyYP
LO0xyuP
Looxup
Lo0kuUP
L00suP
L00xuP
LooxyP
Looxu?
L00RYP
LO0xuP
Looxyp
LOOKUP
LOORUP
LooxyP
LooxyP
LO0xuP
Looxyr
L00xuP
L0oayP
L00ruP
L0oxyP
LooxyP
Lonayp
LooxuP
LOOnu?P
Looryp
LoonyP
[X-LLYVIS
LoonyP
LooxuP
LOOxuP
Loonyr
\oonyp
LuORyP
LooxyP
L00xUP
LoonuP
L00xyP
L00xup
LookuP
Looryp
LooxuP
LOOKyP
LooryP
Loorup
LOOnyuP
Looaye
LooxuP
LOORUP
Loorye
LOOoKyP
LOOKRYUP
LooxyP
LOO0KyP
LooxyuP
LooxuP
LoOxyP
LO0nur
LooRuP
LOOKUP
LooRur
Lonkye
Lo0nruP
L00syP
Looxyr
LOOKyUP
LO0xuP
Looxye
Looxye
Looxur
LookuP
LOOnuP
Loonyr
LOORUP
LooxuP
LOOKUP
LO0RyP

APPENDIX 3
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19

20

30

33

40

43

50

70

SUBROUTINE TOOAY(lDATE)

THIS SUBROUTINE REFORMATS THE DATE FROm DO/MM/YY TO THE
INTENNATIONSL STANDARD YYYY/MM/0D,

LY.Y

CaALL OaTECIVALUE)
OECOOE (10,10, IVALUE) OD,M™,YY
19 FORMAT(1E,3(82,11))

ErCODECIO, 2P, J0ATE) Yv,mM,0D
20 FORMAT(0190,42,0/0,82,079,82)

RETURN

END

SUBROUTINE NEXTFIX(TIMEL1,TIME2,1LIST, IFEDIT.IFEND)

DIMENSION ARRAY(11).COSSAT(4).NSAT(4)

DIMENSION DEX(1§),DAK(11].Z5K(11)

COMNON/ORBIT/ TP, XMDOT,.FP.DFP,EPSI,AD,WN,DWN,COSS WG, SINS
COMMON/XYZ/ DOP(8) . REF(8).XSATI11),YSAT(11),2ZSAT(11),CN(9),0E(9)
COMMON/P 1/ TLOCKON, XLAT i AT, XLON.NLON,SH,S5V,GH.N,NDOP (8).70
COMMON/SAVE/FIXTIME, IDENY(3) ., 0FFSET,SAVELAT SAVELON, GHSAVE, OFFSAVE
CONMON/CONSY1/ B4,E6.B7.XKNM,DEGRA.RAMIN,F | VESEC

COMMON/LUN/ MTIN,LUNDOC, HNOH.LUNLTOf LUNBAVE

EOUIVALENCE (DEK,XSAT),(DAK.YSAT), (ZSK,Z8AT)

EQUIVALENCE (ARRAY,TP)

DATA (C0SSAY2~2900.,-200,.3000.,10000.),(N5AT=12,15,18.33)

DATA (1STARYTa0),(TLOCXON=0.0)

IPEND o IFEDIT & 1

17 C(ISYARY,EQ.0) 10.30
10 CALL EDIVSETI(EDITINE)
ISTARY ® §
§F (TLOCKON,LY.TIMEL-F IVEBEC) 70,20
20 IF (TLOCKON,LT.EDITINE-FIVESEC) 110.130

50 IF tYLOCKON,LT.PDITIME-FIVESEC) 70.130

90 READ{LUNDOC.80) TLOCKON.ARRAY,(DOP( 1) . REF(1),1:1.8),
1 (DEK(I).DAKUI),ZSK(1),1a1.21),
2 WOURS, XMIN,XLAY,NLAT,XLON,NLON,SH,SV,GH

80 FORMAT(FL0,7,12(/.F10.1),8¢/,2F40-1),11(/3F20.1),/,
1 78.0,F2.0,2(79,0,41),3F10.1)

IP (GOF(LUNDOC)) 30.90
90 17 t1OCHEC(LUNDOC)) 100,300
100 CALL SKIP66(LUNDOC.-11

1P (TLOCKON,LY.TIME1-FIVENEC) 70,110
130 17 ¢$(OCKON.GT.TINE2-F IVEREC) 30.120

30 ISTaRY 5 0 3 IFEND = 2
RETURN

120 CALL NEXDATE(TLOCKON. IDENT(1).1)
ENCODEC10, 460, INENT(2)) TLOCKON
FORMAT(F10,6)

DO 470 1 ¥ 1.4

JDENT(3) s NSAT(]}

IP (COSS.LY,COSSAT([)) 48D.470
CONT ] NUE

IDENTI3) = 14

L1

=]

o

480 17 (TLOCKON,LY.FDIYIME-F]yESEC) 490,130
4%0 00 YO (3480,70,%20) ILISY
;400 Fnlu 840, IDENT,TLOCKON, tARRAY(1),DOPCI), REF (1), DEKC1).DAKLT),
sx( l)cl'ln‘!-lllﬂAVll).HE'(l).DAK(l).!SK(l).IIG 11)
510 FOHHA'(!Ht- X «M.R., SATELLITE NAVIGATION PROGRAM - FIX ON o,
1 410,06 AT o,Rq.s USING SATELLITEe,ld4,e - SURVEY TIMEs,F12,6,
2 77,10%: 0P IXED DATAe,9X,eNOPPLER AND REFRACTY!ONe, 20X,
S ovAR1ABLE DATAs,/.8(/, 1§l.f10 1.10%,2F10.3,10%,3F10.1),
4 3(/,100,710.1,40K,3F10.8) )
520 RETURN

130 IF (TLOCKON,LY.RDITIME<FIVESEC) 140,160
160 CALL BDITFIX(EDITIKE)
IPEDIY s 2 3 RETURN

180 PRINTY 470, EDITIME

170 FORMAY(/,10X,10(2Me),10x,aF X MISSING FOR EDIT DATA Are.Fi5.6)
CALL EDITFIX(EDITIME)

Qo0 10 50

END

Record No1975/60

T0DAY
T0DAY
TODAY
TODAY
TO0AY
T00AY
T00aY
T00AY
T00AY
T00AY
TODAY
T0NAY
TOO0aY
T00ay
T00ay

NENTFLX
NEXTFIX
NEXTFIX
NENTFIX
NEXTFIX
NENTFIX
NEXTF X
NEXTF X
MERTFIX
NEXTFIX
NEMTFIX
NEXTFIX
NEMTF [X
NEXTFIX
NEXTFIX
NENTFIX
NEXTFIX
NEXTF X
NEXTFIX
NEYTFIX
NEXTFIX
NEXTFIX
NERTFIX
NEXTFIX
NEXTF X
NEXTFIX
NEXTFIX
NEXTF X
NEXTFIX
NEXTF[X
NFXTFIX
NEXTFIX
NENTFIX
NEXTFIX
NEXTF|X
NEXTF I X
NEXTFIX
NENTF X
NEXTFIX
MNEXTF X
NEXTF X
NEXTFIX
NENTFIX
NEXTFIX
NEXTF X
NEXTFIX
NEXTFIX
NEXTFIX
NEXTFIx
NERTFIX
NENTFIX
NENTFIX
NEXTFIX
NEXTFIX
NEXTF IX
NEXTF1X
NEXTFIX
NEXTFIX
NEXTFIX
NEXTF X
NEXTF X
NEXTFIX
NFXTF X
NEXTFIX
NFRTF X
NEXTF X
NEXTF X
NERTFIX
NEXTF X
NEXTFIX

APPENDIX 3
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10

1%

20

30

33

53

(1]

10

13

20

29

30

38

40

a8

50

55

0
L4
1140

s10
b
e
3
4

20
11

L[]
100
110
130
260

1

130
140
138
1%¢0
180
170
10
190
200

210

20
240

1

SUBROUTINE EDITPIX(FIXEDET)

DIMENBION DEX{11),DAK(11},28K(11)

DIMENSION 1CAAD(7),ARRAY{11),STORE(60),LIST(4)

COMMON/ORBIT/ TP ,XMDOT.FP.OFP.EPSI.AQ.NN,DWN,COSS WG, SINS
COMMON/XYZ/ DOP(8),REF(8) . XSAT(11),YSAT(11),2S4T(11),DN(9),DE(9)
COMMON/F [ X/TLOCKON, XLAT iy AT . XLON:NLON,8K.SY,0H.N.NDOP(8).TO
COMMON/SAVE/FIXTINE, IDENY(3),0FFSET, SAVELAT,SAVELON, GHSAYE,OF FSAVE
EOULVALENCE (DEx, ISAT).(?AI.VSAY):(ZSK JISATY

EQUIVALENCE (ARBAY(1).,TP

DATA (LISYRiONFIXED DATA,7THDOPPLER,BHVARIABLE,10HSHIPS DATA)

DATA (FIXLaSTs0.0)

IP CABS(FIXEDIT=F[XLASY),i7.1.06-8) 10,15
CALL MOVLEV(SYORE(1).TP, on) _l GO Y0 1140
CALL MOVLEV(TP,8TORE(1),60)
PRINT 510, IDENT,TLOCKON, (Aﬂﬂl'(l) DOPCI) . AEF(1),DEXLT) . DARCD
g ESK(!)o10gs8), CARRAY(]) ,FEXCT) \DAKCI) . 2SKCI),109.11)
ron-AV(xn1 9X,eR.M.R. SATELLITE NAVIGATION PROGRAM - FIX ON o,
410.e . 4Y e.Ré.» USING_SATELLITEs,14.8 - SURVEY TINMEs,F12.6,
7/:10%X0eP I1XED DATA®.9X.aNOPPLER AND REFRACYIONe,20X,
evARfABLE DATAe,/,8(/,10¥.F10.1,10%,2F10.1,10x.3F10.1),
$(7.10X,F10.1, 60X.3F10.43 )

ENTAY ED|YSET

READ 30, ICARD,NRECORD
FORMAT(?430,120)

IF tgoF(e0)) 40,90
Fixepty » 1,0€10
RETUAN

l'(chPD(l).En ;on-sn|vr|v Y 100.120
PIXLASY & FIXEDI]
n!constzo.:xo,lcann(zi) flxenlv
FORMAY (F10,6

RETURN

17 (NRECORD,LT.1.0R.NRECGRAD.GT.31) 2%0,130

PRINT 200, NREcoun

FORMAY (/.lOl.lO(IHO) o RFCORD NO.°, 13,808 EDITING CARD IS ILLEGAL
~ NO EDIT DONEe,/)

G0 Y0 20

17 (NRECORD,LT.12) 140,160

PRINT 135, LIST(1),.NRECORD. ICARD

FORMAT(5X,10(1H=),9%,oEDfT OF »,410,0 CARDs,!14,4H  o,7810.1Me)
DECODE(L0,190, [EARD(1)) ARRAY(NRECORD)

FORMAY (F10,0}

6o Yo 20

1T (NRECORD,LY.20) 170,190 _

1= NIECORD 11 3 PRINT 135, LIST(2),1.1CARD
DECOQE(20,180, [CARD(1)) BAPC({),REF(])

FOR®AY (2F10.1)

6o to 20

1P (NABCORD,LY.31) 200,220 _

I s NRECORDe19 $  PRINT 135, LIST(3).1,1CARD
DECODE (04250, [CARD(1)) DEKCI) DAK(I),2ZSATCI)
FORMAY (3730.1)

60 Yo 20

] =4 3§ PRINY 135, Lisvear, 1. 1caRD

DECODE (50,240, [CARD(1)) WOURS,XMIN,XLAT,SNLAT,XLON, SNLON,SH.SV
FORMAY (F8,0,F2.0,2(F9.0,41),2F10.1)

GO0 Yo 20

END

SUBROUTINE NEXDATE(TIME.TbaTE.1TYPE)

DIMENSION NDAYS(13,2),NYEAR(20),NSTART(20)

DATA (NDAYS®0,31,39,90,120,151,161,212,243,273,304,334,365,
0,31.60.91,121,152,1682,213,244,274.305,335.366)

DATA (NYEARS1969,2(1947),1968,6¢(1970),5(1971).411972)

DATA (NSTART®207,2(265).267.246.5(346),46.96,182,201,361,

1 86,184,269,347)

10

GO 10 (30,100} [TYPE

ISURYEY o TINE 8§  IDAy = (TIME-ISURVEY)®100.0+0.%

IF t1SURYEY.GT.0.AND.ISURVEY.LT.21) 20,80

1BAY » NSYART(lsuuvev).xp‘v s IYEAR = NYEAR{]SURVEY)
1CoL = 4 S 1F ((IYEAR/4)ed Eg.IYEAR) 1COL = 2

DO 40 Mu1,i2
IF (]DAY. Gt NDAYS(Ke1, 1col 1} 40.%0

40 CONTINUE
1DAY o IDAY=NDAYS(13,1C0l3 8§ IYEAR s IYEAR.]
a0 Y0 30
30 IDaY o [DAY=NDAYS(X,I!COL)*3000 8  IWMONTH = xe31000
ENCODE(10,60,1DaY) 1DAY
ENCOQE(10,60, IMONTH)  IHONTH
ENCODP (10,60, IYEAR) (YEaR
60 FORMAT(110)
ENCODE(10.70,IDATE) IYEAR, IMONTK, IDAY
70 FORMAY(R4,0/8,RR,9/e,R2)
RETURN
80 IDATE » 10WOUNKNOMN® $  RETURN
100 DECOQF(10,330.INATE) [YEaR, {HONTH,]DAY
110 FORWARCI4 201X, ]2))
1cOL = 4. 8 JF ((IYEAR/4)e4 EQ.IYEAR) IcOL » 2
IDAY o IDAYeNDAYS(INMONTH,ICOL)
DO 130 K#1,20
14 lTVEAR(I) [YEaR) 130,120,140
120 17 (IDAY.OY,NSTARTIK)) g¢30.140
130 CONT{NUE
K21
140 17 (NYEARIN~4).LT.1YEAR) 15g.,160
130 IYEAR = [YEAR-)
1coL = 1 3 IF C(CIYEAR/4)e4 EQ.IYEAR) ICOL s 2
lDAV o IDAYONDAYS(13,1CO0L)
160 IJURVRY » K=t 1] IDAY ® |DAY“NSTART(N-1)

TIME o [SURYEYen.Q3e(DAY_
lr C1DAY.0Y,99) TYIME = §.0E10

RETURN
END

Record No 1975/60

a0

€0

TFIX
X
TF1X
Fix
TFIX
TFIx
X
TFIX
TFLIX
TFiX
Fix
TFIX
TFIx
TFLX
wix
TFIx
rix
TFIX
TFix
TFix
TFix
Fix
Fix
TFix
TF X
Fix
TFix
Wix
TFix
wix
wix
"ix
11X
TFix
1
TFIX
11X
TFix
TFIX
TFIx
"ix
TF X
Tix
Fix
TF X
TFix
1F1x
TFix
TF X
TFiIX
TFIx
TFIX
TFix
TFix
TFIx
TFix
TFix

EDITF [X
ERITF X

ED
€D
ED
ED
ED
ED
ED
ED

TF1X
FIx
I
"ix
Tix
TF1x
TFIX
ix

EDITFIX
EDITF LY

NENDATE
NEXDATE
NEXNDATE
NEXCATE
NEXDATE
NFYDATE
MEXYDATE
NERDATE
WERDATE
NEXDATE
NEXDATE
MEYCATE
NEXDATE
NEXDATE
NEXDATE
NEXDATE
NERCATE
NEYDATE
NEXCATE
NEXCATE
NEXDATE
NEXDATE
NEWDATE
NEVWDATE
NENCATE
MEXCATE
NERCATE
NENCATF
NENDATE
NEXDATE
NEXDATE
NENCATE
NENDATE
NEYDATE
NEXDATE
NEXCATE
NEXDATE
NEXDATE
NEXDATE
NEWDATE
NEXDATE
NEXCATE
NFYDATE
NEXDATE
NE¥DATE
NEXDATE
NEXCATE
NENDATE
NEXDATE
NEXDATE
NENDATE
NENDATE
NENDATE
NEXDATYE
MENDATE
NENDATE
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13

20

23

30

33

40

45

10

15

20

23

30

35

40

440

930

S4g
530

=]

590
600

620

SUBROUTINE SETDaTa

DIMENSION DEX(11).DaK(11),.25K111)

COXMON/ORBIT/ TP, XMDOY,.FP.DFP.EPS].AD.¥N,DNN,COSS.¥G,SINS
COMMON/XYZ/ DOP(8) . REF(8),xSAT(11),YSATL21),25AT(11),0N(9),DE()
cOn-oulrll/TLoc:on.:L.v.!.A',!Lou.nton.su.sv.ou.u.nno»(a).vu
CONMON/SAVE /F IXTIME, IDENY3),0FFSET  SAVELAT,SAVELON,G<SAVE ,0F FSAVE
COMMON/ASSESS/SLAT.SLONG,RESTD(,8) RNSCH) , ALT(2.8) .41 THAX, I SIGN
COmMON/CONSTL/ Fa.E6.E7.XKKKN,DEQRA,RAMIN,F IVESEC

COMMON/CONST2/ [NORTH,ISAIITH, IEAST, INESY,DUBIOUS, UKKNONN
ECUJVALENCE (DEw.XSAT),(DAK,YSAT), (ZSK.2SAT)

EQUIVALENCE (ARRAY,TP)

TPxTPeE4 .

XMDOTe (XMDOTeE7e3.0)eDEGRS
FPr rPeE4eDEGRA
DFPaOFPOEYeDEOR,
EPSIeEPS|ES
A0:240030.0
WNsUNoE4oDEGRA
DuNsDWNSE7eDEGRA
COSSE=COSSeES
WGcWGaE4aDEGRA
SINSaSINSeES
DXGs .0043752695
WNzUN=¥G
DWNSOWN=DNG

ITIME « AMOD(TLOCKON®1.GES,100.0120.5

JJs s 8 If (CITIME/4) 04 ,EQ, JTIME) JJ = 8

28K (JJe2) » 0,375025K(JJe3 )10, 7308 ZSK(JJ~1)-0,1252SK( de1)

DO 440 ‘UnyJ,19,2 .

I8kl y) & 0,37%5e7SKk{ 41)+0.75002SK{ 4-11-0.12%e25k( 4-3)

CONTINUE

D0 450 J*1.9 .

DEXx(J) a DEN(Jey) $ DAK(J) « DAK(Je1) s ISK(J) v 28K(Jel)
CONTINUE

N0

DO 560 Jei,8

IF (DOPLJY.LY.1.0) 530.390

ALT(L1.0) » aLT(2.J0) = UNKNOWN

DO %40 Ke3,8

RESID(X:J) & UNKNOWN

CONTINUE

G0 TD Se0
DOP(JIsDOP(J)*(REF(J)=2000.0)0(=1.01024.0/55.0

DOP(J) ® DOP(J)eD.7494823¢
N = Net 3 NDOP(N) = g
CONTINUE

RETURN

END

SUBROUTINE SETXYZ

DIMENSTON DEX(11),DAK{11).28K(11)

CONMON/ORBIT/ TP, XMOOT.FP . DFP.EPSI,AO,WN,OWN,COSS. WG, SINS
CORMON/XYZ/ DOP(B) REF(B) . XSAT(11),YSATI11),2SATI11).0N(9),0E(9)
COMMON/F I X/TLOCKON , XLAT. NI AT, XLON.NLON, 8K ,SV.GH.N.NDOP(B),TO
COXMON/SAVE/FIXTIME, IDENT(3),0FFSET, SAVELAT,SAVELON, GRSAVE , OF FSAVE
COMMON/CONSTL/ E4.E6.E7 . Xumu,DEGRA.RANIN.FIVESEC

COMMON/CONST2/ INORTH,|SOUTW,IEAST, IMEST.DUBIOUS, UNKNOWN
EOUIVALENCE (DEK,XSAT), (BAK,YSAT). (25K, 2SAT)

CONPUTE TIME SINCE PERIGEF

TLOCK » TMINS{TLOCKON)

TRIX » INT((TLOCK+NDOP(N))®0.140.5)810

FIXT{ME = TSURVEY(TF[X)

TO o TFIX=TLOCK § 71 o« AMOD(TLOCK.1440,0)

TK s T3=YP .

IF (TK.LY,=480.0) 590,600

TK ¢ TK*1440.0 8 00 Yh 620

IF (TH,.GY,1440.0-6.2831892/XMD0T) TK = TK-1440.0

DO 650 J=1,9
DEx(J)sDEX(J)®E42DEGRA
DAK(J)sDAK(J)®10.0

I8KtJ) ® 2SK(J)et0.0
QMKeXHDOTETK .
EX0MKeEPSIeSINIGMK) «DEK (1)
AX3AQeDAK(J)
UK=axe(COS(ER)-EPSD)
YXsAgaSINCEX)

- FaFP«DFPOTK

AXP aUKOCOS(FK) -VKeSIN(FK)

YKPayYKeSIN(FK)eyKeCOS(FN)

BNz WNaDHNSTK

XSAT(J) = XKPeCAS(BK)-YKPaCOSSeSINIBRI*ISK(J)eSINSeSIN(BX)
YSAT(J) & XMPOSIN(BK)+YKPeCOSSeCOS(BK)-2SN(J)eSIN5eCOS(BN)
ISAT( ) » YRPeSINSeZSk( J)eCOSS

TK=7Ke2,0

CONTINUE

RETURN

END

Record Noi975/60

SE¥DATA
SETCATA
SEYCATA
SFYCATa
SEYDATA
SFT0aTa
SEYCATA
SEYDATA
SEYDATA
SEPDATA
SEYDATA
SETDATA
SEYDATA
SEYDATA
SEYDATA
SEYDATA
SETDATA
SEYDATA
SEYDATA
SETDATA
SEYDATA
SEYDaATA
SFTDaTa
SFTDATA
SETDaATA
SETDATA
SEYCATA
SEYCATA
SFYDATA
SEYCATA
SFYDATA
SETDATA
SFTDATA
SEtLata
SETCATA
SETDATA
SEYCATA
SEYCATA
SETDATA
SETCATA
SETCATA
SETCATA
SETCaTaA
SEYCata
SETCATA
SETCATA
SFYDATA
SFEYDATA
SETDATA
SFYDATA
SEYCATA
SETCATA
SETCATA
SETCATA

SETXY?
SEYXYZ
SFYXY?
SFYxvZ
SETNTZ
SETXY2
SETNY2
SFixv2
SFEYXY2
SETXY2
SETXYZ
SEYXYZ
SFTXYZ
Serxv2
SFTXYZ
SETAYZ
SFYXYY
SETXYZ
SFYXYZ
SETXY2
SETRYZ
SFTXY2
SFTXY2
SFTXYZ
SFYXYZ
SFYIY2
SEYXY2
SFYIYZ
SETXY2
SFYRYZ
SFTXY?
SETXY?
SFYXY?
SEYxv2
SFTXTZ
SETXYZ
SFTXY2
SFYAYZ
SETXY?
SFTRYZ
SETXYZ
SETXYZ
SETXY2
SETAY?

OB NN AN

- s
UN= OOBIOWEWLN
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SURRQUTYINE VELDATACIFVEL)

DIMENSION STORE(32,120)
CONMON/ORBIT/ TP, XHDOY,FP.DFP.EPSI . AQ.WN.DWN,COSS+MG.SINS

COMMON/XY2/ DOP(8).REF(8) . XSAT(11),YSAT(11),25aT(11).0N(9),DELS)

COMMON/F IX/TLOCKON, XLAT Nt AT, XLON.NLON,BN.SV,0H, N, NDOP(8).T5

COMMON/SAVE/F IXTINE. IDENT({3),OF FSET.SAVELAT . SAVELON.GHSAVE ,OF FSAVE

COMMON/LUN/ MTIN,LUNDOC.| {INGH,LUNLTOF L UNSAVE
COMMON/CONST1/ E4,E6.E7.XwNK,DEGRA,RAMIN,FIVESEC
COMMON/CONST2/ INORTH.ISANTH, [EAST. INEST.DURIOUS . UNKNrWN
DATA (I1START=0),.(CONST=111120.0),(CVEL=0.00202484)

If (IFVELLT.3) 5,160

TPIRSY @ AMINI(TLOCKON.FINTINE)
IFPCISTARY,£0,0) 10,90

BUFFER IN (MTIN.1) (STORE(1),STORE(1920))

1P (UNTTY(MTIN)) 40,220.20
PRINT 30, STORE(1)

FORMAT(/,10X,10¢(1M4e).10X,aPARITY ERROR [N RECORD STARTINGs,F1%5.6)

IF (TFIRST GY.STORE(1,6034F IVESEC) 10,60

BUFFER IN (MTIN.1) (STORE(1921),STORE(3840))
1FCUyITINTIND) 80,220.70

PRINT 30, STORE(1921)

ISTARY = 3

IF (TFIAST GT.STORE(1,1201+F IVESEC) 10.100
I (TFIRST LT.STORE(1.60)F IVESEC) 110,105

DO 106 1*1.1920
STORE(1) » STORE(1+1920)
CONTINUE

@0 10 60

TSTARY & TMINS(STORE(3,111

L JFIX ® THINS(FIXTIME)-TSTARTe1.5

190

170
230

220
150
170

300

JSTARY @ TMINS(TLOCKON)-TRTART+3.5 3 JSTOP & JSTaRTs3e
1F (JFIX,GY,0.AND.JSTART GT.0) 180,160

SLAT e =STORE(10,JFIX) 8  SLON = STORE(20,JUF1X)
COSL & COS(SLATeDEGRA!

KOUNT o O s IFVEL = 2

DO 200 J®JSTARY,JSTOP.2

KOUNT s KOUNTej

IF (STORE(19,J) LT.DUBIOUS) 190,160
DN(XOUNT) e (-STORE(19,.)-SLAT)eCONST
DE(XJUNT) & (STORE(20.J)eSLON)eCOSL*CONST
CONTINUVE

XLAT o SLAT §  XLON = QLON

SuMy = DN(9)-DN(1) $ SUME = DE(9)-DE(1)
SV » SORT(SUMNeo2+SUMEee2}eCVEL

SH & (ATAN2{SUME,SUnN))/DEGRA

IF(Su.LT.0.,0) SW = SHe360."

IFVEL » 1 8  RETURN

IFVEL & 3

PRINT 170, FIXTIME

FORMAT(/,10X,1C(3HS),10x,eN0O NAVIGATION DATA AT TIMES F16.6)
IF (NLAT,EQ.1HS) XLAT = -xLAT

IF (NLON.EOQ,1NN) XLON = =XLON

ENTAY VELSET

RASH 5 SHeDEGRA
RSV & SYeXxMM
SVN = RSVeCOS(RSW}

SVE » RSVSSIN(RSH)
DO 300 Jus1,9

DY & (y=1)e2-TD
DNtJ) » DTeSVN
DEcJ) = DTeSVE
CONTINUE

RETUAN

END

Record No1975/60

VELDATA
YELDATA
VELDATA
VELDATA
VELDATA
VELCATA
VELDATA
VELCATa
VELCATA
VELDATA
VELDATA
VELCATA
VELDATA
VELCATA
VELCATa
VELLATA
VELDAT4
VELCATA
VELDAYA
VELDATA
VELDATA
VELCATa
VELCATA
VFLCATA
VELCATa
VELCATA
VELCATA
VFLDATa
VELDATA
VELCATA
VELCATA
VELDATA
VELCATA
VELCATa
VELCATA
VELCATA
VFLCATA
VELLATA
VELCATA
VFLCATA
VELCATA
VELLATA
VFLCATA
VELTATA
VFLLATa
VELCATA
VFLCATA
VELpATA
VELCATA
VELCATa
VELCATA
YELCATA
VFLLATA
VELCATA
VELCATA
VELLATA
VELDATA
VELDATA
VELLATA
VFLDATA
VFLDATA
VELLCATA
VFLCATR
VELDATA
VELCATA
VELCATA
VELCATa
VELLATA
VELLATa
VELCATA
VELCATA
VELCATA
VFLLCATA
VELCATA
VELCATA
VFLCATA
VFLLATa
VFLCATA
VFLCATa
VFLCATA
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SUBROUTINE GEOIDHY(FIXTIME ,XLAT,XLONG.HEIGHT ,NOVAL)
DIMENSION GH(%1,71)

COMMON/LUNZ MTIN,LUNDOC.[ tINGH . LUNL TOF . LUNSAVE

DATA (1SYART=()

1r (lSY}R'.EO.Ul 10.60

REWIND LUNGHW

DO 20 1 = 1,7
Kclegd § J = K-9

BUFFER IN(LUNGH, 1} (GM(g,.1).0X(51,K)

IFtuntrCLunGH)) 20,30,20

CONTINVE

BUFFER IN(LUNGH,3) (GW(],712.6H(51,71}}
IF CUNTTCLUNGH) ) S0, 30.50

PRINT 40, LUNGH
FORMAY(///,10(1Ms) 0
CALL ABORT

[STARY =

RLAT & =xLaTel.0

RLONG = XLONG=99.0

LATL & RLAT+0.0008 § iONG1l » RLONG*0.0001
LAT2 » LATie1 $ 10NG2 * LONGLe1
JIFCLATI.LT.1.0R.LAT2.6T.%51) 90,73
1F(LONGL,LY,1,0R,LONG2.GY.71) 90,80

EOF FOUND ON GEOID KEIGHT FILE ON LUN®,[3)

(<L ] GN(LAVl.L0N51)~(G~giATZ.LONG])-GN(LAY1.LONGx)).(RLAv-LAV1)
GH2 w GHMILATL,LANG2) e (GH(LAT2.LONG2)~GH(LAT1.LONG2) )e(RLAT-LATY)

HEIGHT 8 (GH1+(AW2-GH1)a(RLONG-LONG1))%0.3048
NOVAL = 3§ RETURN

90 PRINT 420, FIXTIME,XLAT,xI ONG
420 FORMAT(/,10X,10(1He), 10X, 0F1X ATs,F15.68,0 LATS,F7.2,0

10
20

0
4

39
90
100
110
120

130

14g

130 FORMAY(/,10K,10(3He) 0 FiuTIMEe,F10.6,5x,0 T0F FILE ONLY P XTENDS ¥

180

170

180 FORMAT(/,30X,3001Ma), 0 N0 L TOF AVAILAWLE BETWEEN Da¥Se.l3.e aNDs.

1

1

1

1

1

Fa.2:e NOT WITHIN RANGF OF AVAILABLE GEOID HEIGHTSs)
NOvaL » 2 4 RETURN

END

SUBROUYINE OFFAFQ(FIXTIME, IDENT ,OF FSET, IFLTOF)

COHMON/OFFREQ/ 1SURV,NSAT . NVAL,ISATNUMIS).LTOF(21,.5)
COMMON/LUN/ MTIN,LUNDOC,1 UNGM,LUNLTOF ,LUNSAVE

REAL LTOF

DATA (ISURVEY®10000)

NSURVEY 2 FIXTIMEsD.001 _
IF (NSURVEY,EQ. ISURVEY) 130,10

ISURVEY s NSURVEY g  REWIND LUNLTOF
BUFFER IN(LUNLTOF,1) (ISURY,NvaL)
IFCUNTTLLUNLTOF Y)Y 90.30.%0

PRINT 40, ISURvgY

FORMAY(/,1pX,10(1He), o EQF ON OFFSET READ - SURVEYs,l1,s ~OT ON LT

OF FiLE®)

SYoP 50 )
IFCySURY.EQ, [SURVYEY) GO Tn 60
CALL SKIPSS(LUNLTOF.1)

GO TO 20

BUFFER IN(LUNLTOF+1) (ISATNUM(1).ISATNUMINSAT))
IFCUNTTILUNLYOF)} 60.70.80

ST0P 60

BUFFER INCLUNLTOF.1) (LTOF(1.1),LTOF (NVAL.NSAT))
TFCUNTTOLUNLTOF)) 10C.9¢,170

$YoP 70

DO 110 1 ® 1,NSAT

IF CIDENY,EC.1SATNUMCL)Y) 130,110
CONTINUE

PRINT 120, IDENT

FORMAT(/,10X,10(1He) .o SATELLITE NO.s.13.¢ NOT FOUND N LYOF FILEe

2]
1FLYOF o 2 4 RETURN

ISAY o ]

RDAY & (FIXTVIME-ISURVFY)e110,0

J = (RDAY=1,0)/5.0°1.000%
1F(J.LT,1,0R, Je1 GT . NVAL) 140.160
NDAYS & (NVAL-1}e3e¢1

PRINY 130, FIXTIME,NDAYS

0 DaYe,13.:7)
IFLYOF ® 2 $ RETunn

104y = RDAYeD.1 %
AHOUR o (RDAY=[DAY)e100.0
IHOUR & RHOURe0 .1

IMIN = (RHOUR-1WOUR)=10.,0e0.1

LASTDAY 5 (J-1)aBeq
MIN & (IDAY=LASTDAY)®1484p¢ [HOURGE0[MIN

[FCLTOF(J,ISAT) EQ.0.0.0R.LTOF(Je1,1SAT).EC.0.0) 170,190
NEXTDAY o LASTDAYeS
PRINT 180, LASTDAY,NEXTDAY, ISATNUE(ISAT)

13,0 FOR SATELIITEe,13. /)
1FLTOF » 2 H RETUHN

LONGe,

190 OFFSEY 8 LYOF{J, ISAT) e (LTNF( ey, ISAT)I-LYOF (.. ISAT})eMIN/T7200.0

IFLY0F = 4 S RETURM

END

Record No1975/60

QEO1DHT
GEOIDNT
GEDIDHY
QEOIDHT
GEOIDHT
GEOIDHT
GEOIDHY
GEBIDMT
GFOIDNT
0FO1DNT
GEOIDMT
GFO1DKT
GFO1DMT
QF010MT
GEOIDHT
GFOIDNT
GEOIDHT
GFOIDHT

GFOIDHT

GEO!DNHY
GEQIDNT
GEOIDMT
GEOIDNWT
GFOIDHT
GEOIDHY
GFO[DHT
GFOIDHY
GFOIDKT
GEOQIDKHTY
GFOIDWT
GFOIDHT
GEOIDHT
GFOIDNY
GEOIDMHT
GEOIDnY
GFplDHY
GFOIDHT
QFOIOMT
GFOIDMT
GESIDNHT
GEOIDHT

OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
oFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
QFFRED
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
QFFREQD
O0FFREQ
OFFREQ
OFFREQ
OFFREQ
OF FREQ
OFFREQ
OFFREQ
OFFREQ
OFFREC
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OF FREQ
0FFREQ
OFFREQ
OFFREQD
OF FREQ
OFFREQ
OFFREQ
0} FREQ
OfF FREQ
OrFREQ
OF FREQ
OFFREQ
OF FREQ.
OFFRED"
QFFREQ
OFFREQ
OFFREQ
DFFREQ
OF FREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
OFFREQ
0FFRED
OFFREQ
OFFREQ
OFFREQ
0F PREOD
OFFREQ
OFFREQ
OFFREQ
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SUBROUTINE ASSESS1CIFEDIY,.ILIST)

DIMENS]ION NSET(g)

COMMON/XYZ/ nur(a).nsrla) XSAT(31),YSAT(11).2ZSAT(11).08(9),DE(D)
COMMON/F [ X/TLOCKON, XLAT, (AT XLON/NLON, 3K, SV, GH.N-NDOP (8),T0
COMMON/ASSESS/SLAT,SLONG ,RESID(9,8) RNS(9),ALT(2,8),AL THAX, ISION
COMMON/CONSTL/ B4,E6,E7, ymM,DEGRA, RAMIN,FIVESEC

COMMON/CONST2/ INORTH, ISOUTH, IEAST . IHEST,DUGIOUS. UNKNCHN

DATA (KOUNTS3HCOUNT), (DMax=15.0)

DN1INey,0E10

CALL POS3(XLAT,XLON.SYN,QYE.GH,TD+1.NDOP,N)

I? (RNS(3),LY . DMAX AND, lEIsT EQ,3.AND,.IFEDIT.EQ,1) RETURN

14 «|¥ll LLT.3.0R.IFEDIT, F0.2) PRINT 10

FORMAT(/ 9%, 0ASSESSHENT oF R.m.S. RESIDUAL (In METRES) USING LONG-

4YERW OFFSEY FREQUENCY AND REMOVING OME COUNTs)

70

90
100

120
130

140
150

160
148

190

20
210
220

240
2%0

170

260
2%

D0 P9 Ks2,N
NSET(K=1) & NDOPIK)
CONTINVE

Q0 Ksi.N
uls D(Xe1,NDOP(X)) = UNKNAWN
CALL POSI(XLAT,XLON,SVN.SVE,QN,TO0 ko1 NSET n=1)
NSET(K) s NDOP(K) .
If (R#S(Xe3).LT.DNIN) 90,100
DMIN » RNS(Kel) H KMIN ® K
CONTINVE

17 (ILISY,LT.3.0R.IFEDIT,FQ.2) 120,165

PRINY 130, (KOUNT,NDOP(K).Kx1,N)
FORMAT(/,5X,0ALTITUDEs, 7X.0ALL COUNTS®.3X.8(A5.13.4X) )
N1 8 Nel

00 :;o Juy,8

PRINY 2140, CALT(1,J),[21,2), (RESID(I,J).1%1,N1)
FORMAY(9X,F3.0,8 10 #,F3,0,5x.9tF9.2,3x))

CONT{NUE .

PRINY 360, (RMSC(1),131,N1)

FORMAT(/, 3N oR.N.S, RESIDIALS ,9(F9.2,3X))

IF (RWS(4) LT DMAX OR IFEDIY,E0,2) RETURM
KDELETE = NDOP(KMIN)

ALT(1,KDELETE) = ALT{2,KDFLEYE) = UNKNOWN
DO 190 Jsi,9

‘AES|QI1J/KDELETE) = UNKNOWN

CONTINUE

NON-1
DO 200 KsKMIN:N
NDOP(X)ENDOP(Ke1)
CONTiNUE

IF (DMIN.LT,DMAX) 210,240

17 ¢C1LESY.LT.3) PRINT 220,KDELETE.DMIN.DNAX
FORMAT(/,10X,10(1H8),10X, sREJECTION OF COUNTe.13,

1 ® REDUCES R.M,S. RESIDUAL T0e,F6.1,
1 o METRES = BELOW ACCEPTABLE LIMIY OFs,F3.1.0 METRESe)

RETURN

RMS(1) » DMIN

DO 250 X=i,N

RESIQtLsK) » RESID(KMINGs.X)

CONT [NUE

17 (JLIsSY,LT.3) PRINT §70.XKDELETE.DMIN
FORMAY(/,10X,10(1H8), 10X, eREJECTION OF COuNYe. 14,

1 e REDUCING R.W.S. RESIDUAL T0e.F6.1, METRESe)

IF(N,0Y,3) 60,260

PRINT 2705 DMIN,TLOCKON
FORMAY(/,10x+10(¢1He),10x,oyNABLE TO REDUCE R.M.5. RESIDUAL BELOwWe.

1F6.1,e METRES FOR FIX aTe.F15.6)

RETURN
END

SUBROUTINE ASSESS2(1POS)

DIMEVSION LIST(4),1T(8) ;
COMMON/FIX/TLOCKON: XLAT. ! AT, XL ON:NLONK, SH.SY.GH. N NDOP(8) . TO
COMMON/SAVE/FIXTIME, IDENY(3),0FFSET,SAVELAT, sAvELDn.nuSAve.orrSAVE
COMMON/ASSESS/SLAT,SLONG,RESID(9,8) ,RNS(9),ALT(2,8),ALTHAX, ISIGN
COMMON/CONSTL/ B4,E6. E7.XKmk,DEQRA.RANI N, F I VESEC

DATA (170(i),1%2,7) 710 _NORTH .10WNORTH-EAST,310M  EAST .

1 1nWSOUTH=EAST,10W GEOID MY »10HDERIVED VN/

10

0

100
11

120
a3

240
2%0

DATA (LISTaLOMINPUT DATA,30HNEw OFFSET,9HNEW GEOID,9H WEw DVN)

1T¢1) = LIST(IPOS) R
OHKEEP » ON 8  OFFNEEP = OFFSET
QW » GHSAVE 8 OFFSET = OFFSAVE

1F (1P0S.07,1) 10,20
CALL POSL(XLAY,XLON.0.0.§.0.GK.70,8,NDOP,N)
SAVELAY s SLAT $  SLAY a2 XLATeRAMIN
SAVELON & SLONG §  SLONG s XLONsRAMIN

CALL ERROR(«30.87, 0.00,
CALL ERROR(#21.83,+21.83,
CALL BRROR( 0.00,+30.87,
CALL BRROR(=21,83,+21.83,
CALL ERROR( 0.00. 0.00,30
CALL BRROR( 0.00. 0.00,

IF (1P0S.E0.1) 100,110

CALL BRROR( 0.00, 0.00, 0,0,7,8)
17(8) » 9% AVGE VEL 8 GO TO 120
CALL BRRQR¢ 0,00, 0.00, 0,0,0.8)
J7¢8) » 10WINPUT DATA

PRINY 230, (1T(1)sln1,8

runn(hlﬂ'rGNDMLslulﬂlﬁ-uhohon7HUM-J:J(u.uon
0 Jel

plxu! 2400 (ALTU1 0D, 11,20, (RESIDUI,J)M10L.8)

FORMAT(IX,F3.0,0 TO ,F3,5.8(3X,F9.2))

CONTINUE

PRINT 260, tanscl).x-z.cs,

FORMAY(/,3X,0R . n.S. RESIDUALS ¢,8(F9.2,%X))

QN s OWKEEP § OFFBET = OFFKEEP
RETURN
END

Record No 1975/60

ASSESS1

ASSESS1

ASSESS1

ASSESS!

ASSESS1
ASSESS?1

ASSESS1

ASSESSL

ASSESS1
ASSESS1

ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS)
ASSESS)1
ASBESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS)
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS:
ASSESS1
ASSESS1
ASSESS1
ASSESS1
AsgEssy
ASSESS1
ASSESS1
ASSESSy
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESSY
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1
AssEssy
ASSESS1
ASSESS1
ASSESS1
ASSESS1
ASSESS1

ASSESS2
ASSESS?2
ASSESS2
ASSESS?
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS?
ASSESS?2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS?
ASSESS2
ASSESS?
ASSESS?
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS?
ASSESS2
ASSESS?
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS?
ASSESS?
AS9ESS2
ASSESS2
ASSESS2
ASSESS?
ASSESS2
ASSESS2
ASSESS2
ASSESS2
ASSESS2

CONDOBLWUN
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SUBRJUTINE LISTFIX(IPOS)

COMMN/XYZ/ DOPLB} . REF(8) . XSATIIL) . YSAT(I1).2SAT(11).NE9),DECS)
CONMON/FIX/TLOCKON XL AT N1 AT, XLON.NLON,SH. SV, G, N.NDOP(8).TD
COMMON/SAVE/FIXTIME, IDENT13),0FFSET,SAVELAT ,SAVELON,G-SaVE ,OF FSAVE
COMMON/ASSESS/SLAT.SLONG,RESID(9,8) ,RNS(9),aL"(2,8) 4L THAX,ISIGN
COmMMON/CONSTL/ E4.E6.E?.xumM,DEGRA.RAMIN,F JVESEC

COMMON/CONST2/ INDRTH, ISONTH, IEAST, IWEST,DUBIOUS, UNKNC N

LABELY ¥ INORTH IF §XLAT.LT.0.0) LABEL1 * ISQUTHW

s
LABFL2 » IEAST 3 1F ¢XLON.LT.D.0) LABEL2 = IKEST
LABFLS @ INORTH §  IF 7SAT(9).L7.254T(1)) LABEL3 = ISOUTH
LABEL4 o IEAST $ IF (ISIGN.LT.0) LABEL4 = [WESY

DLAT = ABS(SLAT) S  DIONG = ABS{SLONG)

LAY e DLAT/60.0 $ DIAT = DLAT-80.0eLAT
LONG ® DLONG/60.0 DLONG * DLONG=-80.0e; ONG
ENCODF(10,100.ITINE) FIXTIME

FORMAT(F10,6)

PRINT 3110, IDENT(2).SH,OFFSAVE.SAVELAT.NLAT.SV,LABELI.SAVFLON,

4 NLON,GWSAVE,ALTMAX,LABEL 4. ITIME, LAT,OLAT,LABEL],LONG.DLONG. LABEL2

110

D ODPIC A SN

140
130

160
170
1

100
190

200
210

10
?

o

vo

110

FORMAT(/,10X,9L0CK-ON TIMF = R4, GMTa,
17X,eCOURSE = o,F6.1, JFGREESS,
47X,eLONG=TERM OFFSEY FRFQUENCY 2 o,F8.2,¢ HERTZs,/,
10%,0ESY, LAT = e,f6.1,0 DEGREESe,R9,
5x,eSPEED * o,f6.2,¢ wnDTSe,
19X, eSATELLITE MOVING -s,R9,/,
10X,eEST, LONG = o,F6.1,e DEGREESe,R9.
5%,0GEQID HY INC. ANTENNA & o,F5.1,¢ METRESS,
AX,eMAXIMUM ALTITUDE -e.F4,0,0 CEGREES T0e,R9.//.
10X,aF1X TIME 2 e,R4,s GuTe,
SX,oLATITUDE « e,14.F7.3,48.7,
35x,0LONQITUDE = o,14,F7.3.48)

GO TQ (200,140.160.180) iPOS

PRINT 130, OFFSETY .

FORMAT(1me, 70X, aCOMPUTED AFFSET FREOUENCY © o.F8,2.s LERTZe)

G0 79 200

PRINT 170, GH

FORMAT(4Me, 70X, «COMPUTED GFOID HEIGHT INC. ANTENNA 5 «,F5.1.
e MEYRESH)

G0 Y0 200

PRINT 3190, SVN X

FORMAT(1He®, 70X, eCOMPUTED NORTH VELOCITY = «.F6.2,¢ KNCTSe}

PRINT 210
FORMAT(30X)
RETURN

END

SUBROUYINE ERROR(DVN,DVE,DGH, ITYPE,.XKOUNT)

DIMEVSION LABEL(4.8)

COMMON/F 1 X/TLOCKON XLAT N1 4T, XLON,NLON.SH. SV, GH o N/ NDOP(8) .70
COMMON/SAVE/FIXTIME, IDENY(3),0FFSET,SAVELAT ,SAVELON,GrSaVH,0FFSAVE
COMMON/ASSESS/SLAT,SLONG,PESIDI9,8).RMS(9),aLT(2,8),ALTHAX, ISIGN
COMMON/CONST1/ E4.E6,E?7.yNMM DEQRA,RAMIN,F [VESEC
COMMON/CONST2/ [NORTH, 1SQUTH, [EAST, INEST,DUBIOUS, UNKNCWN
DATA (LABEL(1:1)u40KFIX SHIFT PER KHOT ERAOR - NORTH

DATA (LABEL(1,2)s40HFIX SHIFT PER KNOT ERROR - NORTHEAST
DATA (LABEL(1:3V240WFIX SU[FY PER KNOT ERROR - EAST

DATA (LABEL(1,4)=40HF1X SNIFT PER KNOT ERROR - SOUTWEAST
DATA (LABEL(1,5)s40HSKIFT CAUSED BY 100M ERROR IN GEO!D
DATA (LABEL(1,6)=40HSHIF] CAUSED 8Y DER[VING DVN

DATa {LABEL(1,7)240HSHIFY CaUSED BY USING AVERAGE VELOCITY
DATA (LABEL(1,8)a40NSHIFT USING LATITUDE-LONG!TUDE ONLY

60 TO (10,10,1%,10,10.20,37.40) 1TYPE
CALL POSI(XLAT.XLON,DVN.DVF.GHeDGK.TC.KOUNT . NDGP,N) § GO YO 70

CALL POS4{XLAT.XLON,EVN.O. .GH,T0,KOUNT,NDOP .5
LABELY = INORTH g IF tEVN.LT,0.0) LABEL3 : 1SQUTw
DIFFVN ® ABSCEVN/KKMM) 8 GO TO 70

CALL VELSET(UW)
CALL POS1(XLAT,XLON.0.0.0.0,GH,T0.KOUNT,NDOP.N) $ GO T0 70

XLAT o SLAT/RAMIN 8 SLAY = SAVELAT
XLON s SLONG/RAMIN §  SLONG s SAVELON

DLAT = KLATGRAMIN §  DiANG = XLONSRAMIN

DLAY » DLAY=SLAT §  D{nNG = DLONG-SLONG

LABELY = INORTH $ IF (DLAT.LT.0.0) LABELL = ISOUTH
LABEL? = 1EAST s 1f (DLONG.LT.0.0) LABEL2 = INWEST
DLAT w ABS(DLAT) $ DIANG = ABS(DLONG)

PRINT 80, (LABEL(1,I1TYPE), 121.4),0LAT,LABEL,DLONG,LARELR
FORMAT(10X,4A20,0DLATe,FB.3.A3,5X,eDLONGS.FB8.3.A3}

IF ¢1TYPEEQ.6) PRINT 110, DIFFyn,LABEL3
FORMAT(1He, 90X, ap¥Ne.F7.2.0 KNOTS TO THE®.RO)

RETURN

END

Record Nol1975/60

LISTFIX
LISTFIx
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTR X
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTIFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTF X
LISTFIX
LISTF X
LISTFIX
LISTFIX
LISTFIx
LISTF[X
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX
LISTFIX

ERROR
ERROR
ERRGR
ERRCR
ERRQR
ERRCR
ERACR
ERRQR
ERRCR
EQACR
ERROR
ERRCR
ERRCR
EARCR
ERRCR
ERRCR
ERRQR
ERRCR
ERRGA
EQRQR
€ARCR
ERRCR
ERROR
ERRQOR
ERACR
ERROR
ERRQR
ERROR
ERROR
ERRCR
ERMGR
ERROR
ERROR
ERAOR
BRROR
ERROR
ERROA
ERROR
ERROR
ERROR
ERROR
ERRCR
EARCR
ERRCR
ERROR
ERROR

-
~ooc@mvoVaAWN
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SUBROUTINE POSLI{RLAT.RLON.SVN.SVE.QH.TC ,KOUNT.NDOP.N)

DIMENSION NDOP(B)}
DIMENSION A(2,2).8(2)

COMMON/XYZ/ DOP(8),REF(B),XSAT(111.YSaT111).25aT(11),N(Q1,DE(Q)
COMMIN/SAVE/FIXTIME, IDENT(3),FFSET, SAVELAT, SAVELON,GrSAVE,OF FSAVE
COM™IN/ASSESS/SLAT.SLONG,PFSID(Q.8) . RNS(O1.ALT(2,8) . AL THAX, ISIGN

NO SOL * O

EQUATOR = 8378144.0 $  poLE ® 63567%7.0

ESC s 1,0-(POLE/EQUATOR)e02 3 ALPHAR] . 0-ESQ

ROFF v OFFSET®120.0e0.7494B234

DO 70 [1YERei,20

8l1) s B(2) = 0.0

AT1.1) & A(1,2) = 4(2,2) 2 0,0

SINL = SIN(ALAT, $  COSL 3 COS(RLAT)
SINW & SIN(RLON) §  COSW = COS(RLON)

BETa » 1.00ESQeSINLes?
RPv = EQUATOR/SORT(BETA)
RHP & RPYeALPHA/BETA

XSTARY & (RPVeGu)eCOSLeCOSW s DxOL
YST4RY » (ﬂﬂv-nu).cosl.syuu s DYDL
ISTARY » (ALPHAGRPV.GW)®SINL s D20

DXDN s =SINLeCOSH s DXDE = -SInw
DYDN » =SINLOSInN s DYDE = COSw
DZON = COSL

D2XDLON w «COSLeCOSW
D2YDLNN s =COSLeSINW
. D2Z0LDN s «SINL

ALTHAX = SUNSO : 0.0
Do 20 1e1,N
DR s €1 3 C2 = 0.3

XK =z g ] J1 = NDOPL]) 3 J2 ¥ J1°1

DO 10  Jwol.J2
Kz Key $ DT = (U-1)e2-10

)

~(AMPeGH)eS|NLECOSH
~(RMPeGH) oS INLOSINN
(RHP oGH)eCOSL

DNJ & DN{J)eDTaSVN s NEJ 3 DELJYI-UTaSVE

XSHIP = XSTARY « DXONeDN,y ¢ DXDEeDEJ
YSHI? & YSTART . DYDNeDNJ « DYDEeDEJ
ISHIP = ISTART o DZDNeDNy

XAGRAD = DXDL * NZXDLOneDN.
YORAD s DYDL ¢ D2YDLDNeDW,;
}GHAD s DIDL + D2IDLONDN.

COMPUTE SLANT RANGE DIFFERENCES
DX s XSAT(J)=XSHIP

DY = YSAT(J)=YSWiP

DZ v ISAT(J)-2SuIP

DS s SQRT(NXee2eDrvse2eDZ0e?)

cosx = Dx/0S s COSY » DY/DS s CosZ = De/su>

COMPUTE TROPOSPWERIC CORRFCTION

TWEYA = ASIN ((COSWeCOSLONX<+SINWaCOSL®0Y*SINLeDZ)/DS)

DR « DSeTROPO(THETA,RLAT) ~DR

Ci s «(COSXeXORADeCOSYeyORADCOSZoZ6RAD)-CY

C2 = COSXeYSKIG-CQSYeXSWIP-C2

ALT(X,J1) o THETA & 57.3 8  ALTMAX =

AMAXLCALTMAY, AL®(X,J1))

1SI1GY » 1 3 IF (~SINWeDXeCOSweDY,.LT.0.0) ISIGN = -3

1

o

CONTINUE

DL = DOP(Jg)-ROFF-DR
Al141) ® A(9s1)eC1eC)
A(1,2) & A(1,2)eC10C2
A(2,2) = A(2,2)eC20C2
Bl1) @ Btl)eDLect
Bl{2) s B(2)+DLec2
RESIDIKOUNT, J1) = DL
SUMSD = SUNSQeDLee?
20 CONTINUE

Af2,1) & A1, 2) .
CALL ™ATINV (A(1.1),2,B131,1,DET.IRR)
IF (JRR.NE,0) 30 ,50

30 PRINT 40, FIXTInE

40 FORMAT(SX,5(1He).5X.oNO SALUTION TO SATFIX MATRIX FOR FIX AT TiMEe

1 .F10.6)
NO S0L ® 3
RETURN

30 DLAY & B(1) s DLOn = R(2)
RLAT o RLAYeDLAT
RLON @ RLON®DLON
RS (ROUNT) & SQRT(SUNSG/N)

SOLUTION WAS CONVERGED _

IF (ARS(DLAT).LY.0.0000001) 60.70
80 IF (ABS(DLON).LT.0.0000001) RETURN
70 conTiNUE

ITERAYIVE SOLUTION DOFS® NOT CLOSE FaAST ENOUGHM

0 PRINY 100, FIXTIRE

1on FORMAY(/,9X,5(1ue).5X, eNg SOLUTION AFTER 20 ITERAT|ONS FOR FiXe,

1 ® AT TimEe,F10.6!?
NO S0L * 3
RETURN

END

Record No1975/60

(LT3
P0S1
Posy
PoS1
PoSy
Prsy

PosSy

PnsS1
POSL
Prgl
Posy
POSY
[ 3
Pos1
Pes1
Prsi
POS1
P0S)
Pas1
POSy
Pns1
P0S1
P0S1
POS1
POSy
Pnsy
POS2
Pns1
PoOS1t
Pos1
PoS1
POS1
LA BY
POS)
P0S1
NSy
PnSy
P0S1
POS)
PoS1
PoS1
POS1
P0S1
PoS1
LOE 3
POS1
PoS1
P091
Pnsy
P0S1
POS1
POS1
P0S)
Pns1
PoS1
POS1
L1 BY
Pos1
PoS1
PpS1
PpS1
PoSt
POS1
Posy
POS1
PoS1
POSy
POSy
POSY
P0S3
P0S1
POS)
POS1
POS1
Po81
POS1
POS1
POS1
POST
POS1
Pos1
pPCS:
POS1
P0OS1
P0sS1
PoSy
P0S1
POS1
Pos1
Pasy
P0Sy
POS1
PoS1
P0S1
POS1
POS1
P81
POS:
PoS1
POS1
POS1
POS1
PoS1
P0S1
POS)y
POS1
POS1
POS1
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30 PRINT 40, FIXT|ME
40 FORMAT(5X,5({1He),5X,eN0 SALUTION TO SATFIX MATRIX FOR FIX AT T[MEe
1 +F10.6)
NO SOL = 3
RETURN
30 DLAT s B(1) 3 DLON = A(2)
DOFF = B(Y)
RLAT & RLAYeDLATY
RLON = RLONeDLON

60
70
L1

0
100

SUBRAUTINE POS2(RLAT.RLCN.SVN.SVE.GH.TC,KOUNT.NDOP,N)

DIXENSION NDOP(8)
DIMENSION A(3.:3).B8(3)

COMNMON/XYZ/ DOP(8).REF(8) ,XSAT(11),.YSAT(11),ZSAT(11),[N(9),0E(D)
COMMON/SAVE/FIXY IME. IDENT(3) ,OfFrSET.SAVELAT.SAVELON.G-SAVF.OFFSAVE
COMMON/ASSESS/SLAT,SLONG,RESID(9.8) . RNS(9).aLT(2,8),4 THax, ISIGN

NO SQL s O

EQUATOR = 6378344.0 $ POLE = 0356757.g

E%0 s 1,0-(POLE/EQUATORIae2 % ALPHA:z1.D-ESC
ROFF = OFFGET®120.0e0.74048234 § C3 = 1.0

Do 80 ITERei,20

Bti) =« B(2) = Bi3) = 0.¢

Al1,1) ® Af1,2) = AL1,3) 3 A(2,2) = A(2.3) = A(3,3) = c.¢C
SINL o SIN(RLAT) $ COSt & COS(RLAT) .

SInwN & SIN(RLON) 3 COSW s CcOS{R| ON?

BETA a 1,0eESQeSIN L2
RPY o EQUATOR/SARTIBETA!
AMP = RPVEALPHA/BETA

XSTARY ® (RPVeGW)eCOSL*COSH $  DADL = -{RMP<GH)eS|NL®COSH
YSYARY ® (RPVeGH)eCOSLeSikW $ DYDL ~{RMPeGH)eS|NLOSINN
2START & (ALPHASRPYoGW)eSINL H D20L = (R™PeGH)CCSL

DXDN » =SINLeCOSH s DXDE & -SINw
DYDN s ~SINLeSINW s DYDE = COSW
DZDN « COSL

D2XDLDN s =COSLeCOSH
D2YDLD¥ & «COSLeSINW
D27DLDN = =SINL

ALTMAX & SUMSO = 0.0
00 20  1°3.N
DR = C1 s C2 ¢ 0,0

LS ] s 41 2 NDOP( 1) $ J2 % 3%t

po 1o JeJ3,J2
K = Kei $ DT = (J-1)e2-T0
DNJ « DN(J)eDToSYN §  DEJ + DE(J)+DTeSVE

XSHIP » XSTARY o DXDNeDNJ + DXDEeDEJ
YSHIP & YSTART o DYDNeDNJ « DYDEeDEY
ISKHIP ® ISTART « DZDNeDNy

XORAD = DXDL + N2XDLONeDw.I
YORAD » DYDL * N2YDLDNeDN.)
I0RAD = DIDL ¢ D2ZDLDNeDN.

CONPUTE SLANT RANGE DIFFERENCES

DX » XSAT(J)-XSMIP

DY s YSAV( }-YSw|P

DI » 2SAT(4)=2SK]P

DS » SORT(DXee2+DYee2+DZee2)

€osSX e Dx/DS COSY s DY/DS 3 CosSZ = DI/DS

COMPUTE TROPOSPMERIC CORRFCTION
TMETA 3 ASIN ((COSWeCOSLeNX+SINWeCOSLeDYeSINLODZ)/DS)
DR s NSeTROPO(THETA.RLAT) -DR

Cy = «(COSXeXGRAD+COSYeYGRAD*COSZ*2GRAD)-C
C2 « COSXeYSHIP-COSYeXSWIP-C2

ALTIR,JL) » THETA ¢ 57.3 ] ALTMAX = AMAXLCALTNMAY, 4L T(x,040)

18108 s 3 1 IF (-S[NwaDXeCOSWDY.LT.0.0) ‘ISIGN = -1
CONTINUE

DL ® DOP(J3)=ROFF-DR
At1.1) & AlL,1)eCleCl

Al1.2) ® A(1,2)<C1eC2
Al143) @ Ay, 3)eCa0eC3
A(2,2) ® A(2,2)eC20C2
A12,3) & AL2,3)eC20C3

At3,3) & A(3,3)+C30C3
8(1) = B(l)+DLeCy
B8(2) = B(2)eDLec2
B(3) = BeI)eDLec3
RESIDI(XKOUNT,Ji) = DL
SUNSQ s SUMSODeD| se2
CONTINUE

At2,1) = A(4,2) 1 Ats,1) 2 AL1L D) s AC3,2) 3 4(2.3)
CALL MATINY (AC1,1).3,B(1).1.DET,IRR)
I ({RR.NE.0) 30 .50

ROFF o ROFFeDOFF
RAMS{XOUNT) o son1¢sunso/u)
OFFSET @ ROFF/(120.000.7494823¢)

SOLUTION MAS CONVERGED

17 (ARS(DLAT).LY.0. 00000 ') 60.60
114 (IBS(DLON) L7.0.000000)) 70,80
IFf (ARS(DOFF).LT7.0.001) RETURN
CONTiNUE

1TERATIVE SOLUTION DOBR NOT CLOSE FAST ENOUGH
PRINT 100, FIXT|ME

FORMAY(/, !x.su;u-x SX,eNp SOLUTION AFTER 20 ITERATIONS FOR FlXe,

1 @ AT TINEe,F10.6)
N0 SOt = 3
RETURN

Record Noi975/60

Pos2
PosSz
Pos2
Pns?
PoS2
Pos2
Pos?
Pos2
Png2
Pos2
Pas2
Pos2
Pne2
Pos2
Pos2
POS2
Pos2
Pos2
Pos2
Pos2
Pos2
Pos2
P02
P0s2
P0s2
P092
Pg2
052
P0S2
P0s2
PCs2
P0s2
P92
P082
PpS2
Pns2
P02
P0s2
P02
P0S2
P0S2
Pos2
Pne2
PoS2
Pos?2
Pos2
Pns2
Pos2
P0S2
P082
PoS2
P0S2
Pos2
P0S2
Pos?2
P0S2
P0s2
P0S2
P092
Pos2
Pns?2
PoS2
P0S2
P02
Pos?2
P0S2
P0S2
9052

POS2
P92
Pos2
P0S2
Pcs2
P0S2
POS2
Pos2
Pos2
PoS2
PosS2

P0S2:

POS2
P0S2
Pns2
Pns2
PnS2
P0S2
POsS2
Pns2
Pos2
P0S2
Pos2
P0s2
PoS2
Pns2
P0S2
Pns2
POS2
P08?2
PRS2
P0S2
Pos2
PoS2
P0S2
Pos2

' POS2

082
P0S2
P0S?2
P0S2
P0s2
P0OS2
PO82
p0S2
p0S2
PoS2
P0S2
POS2
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SUBROUTINE POSI(RLAT,RLON.SVN.SYE.GH.TO,.XOUNT.NDOP.N}

DIMENSION NDOP(8)
DIMENSION A{3.3),8(3)

CONMON/XYZ/ DOP(B), REF(8).XSATI11).¥YSaAT(11).25,T(11).[N(9),DE(9)
COMMON/SAVE/FIXTIME, IDENY(3),0FFSET SAVELAT,SAVELON,G-SaYH-,OFFSAVE
COMMON/ASSESS/SLAT ,SLONG,RESID(9.,8) . ANS (9),ALT(2,8),At THAX,ISIGN

NO SOt % 0

EOQUATOR » 6378144.0 '] POLE ® 6356757.0

€SO v 1,0-tPOLE/EQUATORIee? S§ A PHA=1.0-ESC
ROFF w OFFSETe120,000,74048234

D0 g0 [TERs1,20

Be1) = B(2) = B(3) = 0.0

Al1,1) ® A(3,2) & 4U1,3) = A(2,2) = A(2.3) = ar3,3) = .0
SINL & SIN(RLAT) s CNSL ® COS(RLAT)

SINW & SINIRLONY 3 COSW & COS(RLON)

BETa » 1.0-ESQeS[NLee2
APV s EOQUATOR/SQORT(BETA)
RMP o RPYSALPWA/BETA

XSTAQY ® (RPVeGu)eCOSLSC ™ 1 DXDL
YSTARY » (RPVeGW)eCOSLeS|hw DYDL
ISTARY = (ALPHASRPYV.GH)aSINL 3 DZDL

~(RMPeGH) oS! % o COSK
~(RMPoGH) oS INL oSNNI
(RMPeGH) e LS

- DXDN ® =SINLeCOSW s DXDE & -SINW

)

o

20

30
40 FORMAT(SX,5(1He),5X.eNO SALUT[ON TO SaTr X wmaTRIX FOR F1X AT TiMEe

80
70
L]

"0
160

DYDN » ~SINLeSINW ] DYDE = COSW
DZDN « COSL

D2XDLON = «COSLeCOSW
D2YDLDN = «COSLeSINW
D220LNN = »SINL

DXGH » COSLeCOSw
DYGM = COSL®SINW
DIG™ w SINL

ALTMAX ® SUNSG = 0.0
po 20 1st. 8
DR = Cy = C2 * €3 = ¢.0

K=0 3 J1 s NDOP(I) s Jz = J1e1

DO 10  Ju=JL.J2
K = Key $ DT s (JU-1)e2-TD
DNJ ® DN(JYeDTeSVN §  NEJ = DE(J)*DTeSVE

XSHIP s XSTARY « DXDNeDNy ¢ DxDEeDEJ
YSHip = YSTART « DYDNeDNy ¢ DYDESDEJ
ISHIP » ISTARYT . DIDNeDNy

XGRAD = DXDL ¢ D2XDLDNeDw,)

YORAD = DYDL ¢ D2YDLDNeDN.!

26RAD s DZDL _* D2ZDLDNDw.)

CON“U'E SLANY RANGE DIFFERENCES

DX & XSAT(J)=XSMIP

DY = YSAT(,)-YSu]P

DZ a« 2SAT(J)-2ZSWIP

DS s SORY{(DXee2.DYse2:D7002)

€OSx = Dx/DS § COSY s DY/DS $ CnSZ = D2/DS

COMPUTE TROPOSPWERIC CORRFCT]ION
THETA = ASIN ((COSWeCOSLeDX*SINWeCOSLADY SINLODZ)/0S)
DR » DSeYROPO(TWETA.RLAT) -DR

€l = -(COSXeXGRADeCOSYeYGRAD+COSZeZGRAD)-C1
C2 s COSXaYSHIP-COSYeXSKHIP~C2
C3 & ~(DxOMaCOSY+DYGHeCOSY+DZGHeCOS2)-C3

ALT(X,J1) = THEYA o 57.3 s ALTMAY = AMANYI(ALTMAY,aLT(X,J1))

ISIGy ¢ 1 s IF (-SINweDXeCOSHMADY.L".0.0) ([SIGN = -1
CONT INUE

DL = DOP(J1)=ROFF-DR
Al1.4) @ A(2,1)eC10C1
A(1,2) & A(1,2)+Cr0C2
Al1,3) & A(1,3)eC1eC3
AL2,2) ® AL2.2)eC2eC2
Al2,3) » A(2,3)+C20C3
A03.3) @ A(3,3)eC3eC3
8t1) » Bri)eDlecy
B(2) = B(2)eDLec2
8(3) = B(3)eDLecC3
RESID(KOUNT,J1) = DL
SUNSQ v SUMSQeDLes2
CONTINVE

Al2,1) = AL, 2) A(J,1) = A(1.3) $ AL3.2) = 4€2.3)
CALL MATINY (A€1.1).3,8(31).1,DET,1RR)

IF t]RR,NE,0) 30 .50

PRINT 40, FIXTIME

1 .F10.6)
NO SOL & 1
RETURN

DLAT = B(1) 8§ DLON = R(2)
DoH = B3}

RLAY & RLATeDLAY

RLON » RLONeDLOM

QM s QHeDOK

RANS(KOUNY) s SQRT(SUNSO/N)

SOLUTION NAS CONVERGED

IF (ABS{DLATI.LY.0.00000Qf) 60,80
IF (ARSIDLON).LY.0.0000001) 70,80
17 (ARS{(DOM).LT.0.1) RETURN
CONTINUE

1TERATIVE SOLU'ION DOES WNOT CLOSE FasST ENOUGH
PRINY 300, FIX

IOﬂIg'II.,l.SIINl) SX,eNO SOLUTION AFTER 20 ITERATIONS FOR FlXe,

1 e AT TInEe,F10.6)
NO SOL = 1
RETURN

Record No01975/60

POS3
Pns3
Pns3
Pos:
Pns3
Posy
Pos3
Pos3
Pos3
POS3
Pns3
POS2
POS3
Pnsy
Pos3
Pnsl
POSY
Pos3
P0S)
Pos3
Pns3
P0S3
Posy
Prgs
#0s3
POS3
Poe3
Pns3
Pos3

Pos3

Pas3
Pns3
PoS3
P0S3
POS3
Pns3
Pns3
P0S3
PNS3
P0S3
PNS3
P0S3
POS)
POS3
Pos2
PoS3
PoS3
LGER
P0S)
Pos!
P0s3
POS3
P0S3
Pos3
POS3
Pnsy
POS3
P0oS3
POS3
Pos3
P0OS3
POS3
POS3
P0S3
POSY
POS3
P0S3
P0S3
Pos3
PoS3
Pos3
POS3
p0s3
Posy
PoS3
POsy
PoS3
POS3
P0s3
pns3
POS3
POS3
POS3
POS3
P0s3
POS3
P0S3
P0S3
Pos3
Posy
P0OS
p03s3
POS3
P0S3
PoS3
POS3
Pngld
P0S3
LU
POS3
P083
P0S3
P0s3
P08y
Pos§
P093
P08
P0S3
Pce3
P0s3
P083
POS3
PoS3
POS3
P03
P03
P083
P083
Pns3
POS3

e
UNFrFOOBNO AL WN

APPENDIX 3
(12 ot17)

G449-129A



10

1%

20

23

30

3%

40

1)

50

53

60

70

7

-1

83
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[+

1]

30

40 FORMAT(SX,5(1He) 5X,oN0 SALUTION TO SATFIX MATRIX FOR FIX AT TiNge

80
10
L1

SUBRQUTINE POS4(RLAT. R ON.SYN.SYE.QH.TO.XOUNT.NDOP.A)

DIMENSION NDOP(8)
DIMENSION 4(3.,3).8(3)

COMMON/XYZ/ DOP(B) . REF(8).XSAT(11).YSAT(11).254T(11).DN(9),DE(9)
COMMON/SAVE/FIXTIME, IDENT(3),0FFSET SAVELAT,SAVELON,G+SAVE ,OF FSAVE
COMMON/ASSESS/SLAT.SLONG, RESID(9.8) . RNS(9) , ALT(2,8), 4  THAX, ISIGN

NO SQL » 0

EOUATOR = 6378144.0 §  POLE = 6356757.0

€S0 = 1,0-tPOLE/EOUATORIee2 $  ALPHA®].2-ESC
ROFF = OFFSET®220.000.74948234

SVN & 0.0

DO B0 IYER®1,20

gt1) « B(2) » g3} = 0.0 °

Af1,1) ® A(3,2) = AC1,3) & A(2,2) = A(2.3) = A(3,3) = a.n
SINL ® SIN(RLAT) $ ComL ® COS(RLAT)

SINW u SIN(RLON) 3 COMW o COSC(RLON}

BETA = 1.0-ESOeSINLee2
RPV a EQUATOR/SORT(BETA)
RMP a RPYeALPHA/BETA

XSTART » (RPVeQn)eCOSLeCARW s DXDL = ~-(RMPeGH)eS)NLOCOSH
YSTARY & (RPVeGuW)eCOSLOSINK ] DYDL = ~(RMPeGH)eSINLeSINW
2STARY » (ALPMAGRPV.Gu)eSINL ] DIDL = (RMP.GH)eCrSL

DXON s =SINLeCOSW $ . DNDE = -SINW
DYDN s =SINLO®S|NM $ DYDE s cCoOSw
D20~ = COSL

D2xDL 0N = =COSLeCOSW
D2YDLDN s «COSLeSINW
D27DLON s =SINL

ALTHMAX = SUMSO & 0.0
00 20 133.N
DR &« C3 o« €2 = ¢3 = 0.0

K9 ] J1 ='NDOP(I) s J2 ® U1y

Do 10 J9J1,42
K 3 Xei g$ DY = (U-1)e2-T0
DNJ & DN(J)eDTeSVN

XSKIP = XSTART o DXDNeONJ + DXDEeDE(J)
YSHIP » YSTaARY . DYDNaONJ o DYDEeDE(J)
ISHIP s ZSTART « DZDNeDNy

XGRAD & DXDL * N2XDLDNeDNy
YGRAD = DYDL ¢ N2YDLDNeDNJ
2GRAD » DIDL * N2ZDLDweDNU

XGRADVN = DTeDXDN
YGRADVN s DTeDYDN
2ZGRADVN = NTeDZON

COMPUTE SLANT RANGE DIFFERENCES

DY & XSAT{J)=XSwlP

DY o YSAT(J)-YSWIP

D2 o ISAT{J)=25WIP

DS s SORT(DXes2sDYes2-D2ea2)

COSX =« DX/DS 1 1 COSY » DY/DS ] cnsSZ = 22,08

cOMPUTE TROPOSPMERIC CORRECTION
THETA a ASIN ((FOSWaCOSLeNXeSINWaCOSLDY+SINLeDZ)/DS)
DR s DSeTROPO(TMETA,RLAT) -DR

€1 & -(COSXeXGRAD+COSYeYGRAD+COSZ*2GRAD)-CY
C2 = COSXeYSH|P-COSYeXSHiP-C2
C3 o «(COSXeXGRADVN+CDOSYaYGRADVNCOS2eZGRADVN)-C3

ALT(X,J1) & THETA o 57,3 ] ALTMAX = AMAXI(ALTMAX,aLTIX,J1))

ISIGN v 1§ IF (-SInweDXeCOSWeDY.LT.0.0) ISIGAn = -1
CONTiNUE

DL = BOP(J1)=-ROFF-DR
A(1,4) ® A(1.1)eCleCy
Al1,2) ® A(1,2)eC10C2
AL1,3) @ AC1,3)eCleC3
At2,2) & A(2.2)eC2eC2
AL2,3) ® AL2,3)+C20C)
At3,3) ® A(3,3)eC3eC3
B(1) s B(i)eDLeca
Bi2) = B{2)+DLec2
B(3) a B(3I)elLery
RESIDIKOUNT,J1) & DL
SUMSO = SUWSQepLee2
CONTINUE

AL2,1) & 4(3,2) A(3,1) s AL1.3) H A(3,2) & a(2.3)
CALL MATINV (A(1,11.3,8083.1,DET,IRR)

IF (IRR,NE.O) 30 .5C

PRINT 40, FIXT|mE

1 .f10.6)
NO SOL » 1
RETURN

DLAT  H(1) § DLON = R(2)
Dvk = B(3)

RLAT a RLATeDLAT

RLON » RLON*DLOW

SYN 3 SVNeDVN

RMS (XKOUNT) = SQRT(SUMSO/N)

SOLUTION WAS CONVERGED

1F (ARS(DLAT).LY.0.0000053) 60.80
IF (ARS(DLON).L7.0.00000Q1) 70,80
IF (4RS{DYN).LT . 0.01) RETURN
CONTINUE

ITERATIVE SOLUTION DOES NOT CLOSE FAST ENOUGH
PRINT 100, FIXTIME

100 FORMAT(/,5X,5(14e),5X,oN0 SOLUTICN AFTER 20 ITERATIONS FOR FlXe,

1 & AT TImEe,fF19.8)
NO SOL ®» 1
RETURN

Record No 1975/60

115
116

118
119
120
124
122
123
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40

LH]

50

53

60

(1]

70

80

nonaonn

1

o

S0
‘0

7

o

10

110

120
1%

150
190

17

1%0

190
200
220

230

230
260
270

SUBRQUTINE MATINV(A,N.B.| .D.IRROR)
DIMENSION ACN/N}.BUIN,1),1P[VI24),IND(24,2)
A IS AN NXN MATRIX TO BE INVERTED,OR CONTAINING EQuaTION COEFFS

8 1S AN NXN RWS MATRIX FnR EQUATIONS

1f Le0.,INVERSE ANLY GIVEN.L POSITIVE,SOLUTIONS ONLY.L NEGATIVE
BOTH. MeABS(L).

D CONTAINS THE NETERMINANT OF THE o MaATRIX ON EX]T
A 1S REPLACED BY THE INVFASE .B BY THE SOLLTIONS,

METHOD OF GAUSS-JORDON PIVQTAL ELIMINATION

Mal4BS(L) :

Ds1.0

DO 10 I81.N

IPIV(I)mg

Do 220 1s1,N

AMAX=0.0

SEARCH SUB-MATRIX FOR LARGEST ELEMENT aAS PivOT

0o Jel N

IFCIPIVIY)) 70,20.60

DO 50 Kaj,N

IFCIPTVIK)el) 30,50,70

THIS ROW COLUMN MAS NOT BEEN A PIVOT
1F(ABS (Al oK) )-amMAX) 50,50.40

1RONE Y

ICoLsX

AMAX24BS (ACJ.K))

CONT NUE

CONT [NUE

pPivoT rounp

IPIVEICOL)eIPIVEICOL) Y

JF(AnAX=1,0E-90 ) 70,70,80

MATR]X SINGULAR,ERRQR RETURN

IRROR®g

RETURN

{F(IRON=1COL) 90,130.90

MAKE PIVOY 4 DIAGONAL ELEMENT BY ROW [NTERCHANGE,
De-0

DO 100 Xsl,N

AMAXwA( IROW,(K)

AC1ROW,K)=atICOL.X)

ALICOL.X)sAMAX

1FeM) 130,130,310

00 120 Xel,M

AMAYZA(JROW,K)

B(1R0W,K)eB(ICOL. X}

BICOL,K)mANAX

INDC(T,1)slROW

INDC,2)slCOL

AMAX®ALICOL.ICOL)

DsDeamMaX

AtlIcoL,1cOL)el.0

DIVIDF PIVOY Row BY PIVOTY

DO 140 X=1,N

ACICOL.X)mACICOL ,X) 7AMAY

{F(m) 170,170,150

D0 160 Xai,M

BCICOLXK)SACICOL X )/AmAX

REDUGF NON-PIVOT ROMS

DO 220 Jsi.N

1F(J-1C0L) 180,220,180

AmaxsatJ,JcoL)

alJ,1C0L)80.0

DO 190 K#1,N
ALSrKIEA(J,K)I=A(ICOL ) eAMAY

1F(My 220,220,200

DO 210 K=y,
BlUsx)aBlJ,K)=BLICOL K)oaMAX

CONT INUE

AFTER N PIVOTAL CONDENSATIONS,SOLUTIONS LIE [N B MATRIX
1FeL) 230,230,270

FOR INVERSE OF 4. INTERCWANGE COLUMNS

DO 260 !ei.N

JeNeyel . ’
IFCINDUJ 1) =IND(J.2)) 240.260.240
1ROW=INDLJ,)

[COLaIND(J, 2)

DO 230 Keg,N

AMAX A (K, IROW)

AL, JROW)®A(K,ICOL)

Atk ]COL)=AMAX

CONTINUE

IRRORs0

RETURN

END

Record No1975/60

LISNAT" ]
"ATINY
LIRgL1]
LIS AL
MaYiny
natiny
MATINY
matiny
MAY NV
MAT [NV
MAYINY
HATINY
MATINY
MAYINY
HaT Ny
MaTINY
MATINY
mATINY
AT NV
MATINY
matIny
MATINY

WATINY

MATINY
MATINV
MAT NV
MAY NV
MATINY
Matiny
LIS L]
LD L
MaY NV
MATINY
maY Ny
Ma¥iny
MATINY
MATINY
MatiNy
MATINV
MATINY
MATINY
MATINY
MATINY
HATINY
MAYINY
MATINY
MATINY
HATINY
HATINY
MAYINY
MATINY
MATNV
MATINY
AT INY
MATINY
NATINY
LINAL

MATINY'

MAYINY
MATINY
MATINY
WATINY
nATINY
MATINY
MAtINY
MATINY
Maliny
Hatiny
WAY [NV
nATINY
HAT [NV
"ALINY
LOASLL
HAY [NV
MATINY
At INy
LOSLL
MAT NV
MAT [NV
MATINV
NATINY
matINV
nAtINY
HATINV
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SUBROUTINE SATSaVE(IPRINTY -

COMMON/XYZ/ DOP(8) ,REF (8) ,xSAT(13),YSAT(11),25AT(11).CN(9),0E(9)
COMMON/FIX/TLOCKON. XLAT .t AT, XLON.NLON.SH, SV, GH.N.NpOP(8).TO

c0~~nniSAVE/rlxvlns.lnsnch)iorrSE'.SAvsLAv.s.vELon.n~SAve.orrSAvE

COMMON/ASSESS/SLAT,SLONG,RESID(9,8)  ANS(9), ALT(2.8),ALTHAX,ISIGN
COMMIN/LUNZ MTIN, LUNDOC. | IINGH.LUNLTOF , LUNSAVE
COMMON/CONSTL/ F4,E6.E7.xxMM, DEORA.RAMIN.FIVESEC

DLAT = ABS(SLAT) 3 DiIONG = ABS(SLONG)
LAT & DLAT/680.0 DI AT s DLAT-60.0e(AT
LONG » DLONG/60.0 $  DIONG ® DLONG-80.0eLONG

LABELY = iWN g IF (28AT(9),LY.2SATI1)) LABELY = 1WS
LABEL2 ® IHE 8  IF (ISTGN.LT.0.0) LABEL2 ¢ {Mw

IF (XLAT.GT.0.0) LAT = ojAT

IF (KLON,LY,0.0) LONG = ~LONG

IFCIPRINT ,€0.1) PRINT BO.FIXTIME.LAT.DLAT.LONG.DLONG. [ DENTI(2?,
1 SH,SV,GH, IDENT(3).LABELY.ALTHAX,LABEL2.0FFSET

B0 FORWAT(/,30X,1Me.F9.6,1X,2(16,F6.2),1X,R4.F5,0,2F5,1,1%5,.4X,41,

1 F5.0,4X,A1,F10.2,1He)

MRITE(LUNSAVE 90) FIXTIME.LAY.DLAT.LONG.DLONG. IDENT(2),SH.SV.ON,
1 IDENT(3),LABELY, ALTHAX, L ABEL2,0FFSET

90 FORMAY(FQ, 651X, 2(14.F6.2).1X,R4,F5.0,.2F5.1,15.4X,A1,F5,0,4X.41,

13

o

1 F10.20
RETUaN

SUBROUTINE SATLIST

DIMENSION LABEL(8),1CaRDID)
COMMON/LUN/ MT 1N, LUNDOC.L UNGH, LUNL TOF .LUNSAVE

RENIND LUNSAVE 3 XOUNY 2 O
READ(LUNSAVE.10) LABEL

FORMAY(8a10)
IF (EOF(LUNSAVE)) 999,20

20 IF ([OCMECI(LUNSAVE)) 30,30
30 PRINT 40, LABEL
40 FORMAT(/,10X,10(1Me), 10X, aPARITY ERROR IN o, 1kMe,8410.1Me}

80
7o

3¢
0

READ(LUNSAVE,20) ICaRD

IF (EOF (L UNSAVE)) 999,60
IF (1OCHEC(LUNSAVE)) 70,80
PRINT 40, 1CARD

IF ((XOUNT/50)650.EQ.XOUNT) PARINT 90. {ABEL.LUNSAVE
FORMAT(1H1,/,10X, eF JLE  o,1He,B8A10.1He. o  SAVED ON LUNe.]4.//,
1 19K, oF IXTINE LATITUDF LONGITUDE LOCK SHIP SHIP GECID SaATe.

2 N Sal E OFFSEYe,/,18X,eSS.DONMMN  DEG mIn DEG MINe,

3 o TINE HKWDO SPD WY NO S ELEV W FREQe)
IF ((xOUNT/10)210.EQ.XOUNT) PRINT 100

190 FORMAT(10X)

KOUNT & KOUNTe1
PRINT 110, KOUNT, [CARD

110 FORMAT(30X,15:2X,1He,BA10.1He)

GO Yo %0

999 RETURN

anoon

nOonon

SUBRDUTINE SKIP6O(LUN,NPARITY)

YIS SURRDLTINE mAS TwQ ENTRY POINTS

1., SRIPhs = SKIP FORwAND ALONG LOGICAL UNIT UNTIL anN
tND=OF=FILE MARK DETLLTED

2.BACKAH = MOVE HACR ALONG TaPt UNTIL EOF OpTeClty

LUN « LOGICAL uNIT ON wwICW SEARC™ 1S TO Ak “ay€
NPARITY = PARITY OF SEARCH MQDE FO& e CONCERNED
1 = 000 PARITY (A8 PER SUFrEN)

@ = EVEN PARITY (a3 PEx BUFFER)
)] « IN READ MODE FOw FO=™ATIED DATA

.DIMENSION A(2)
1F (NPARITY GE.m) 10,30
10 BUFFER INCLUN,NPARITY) (AC1),AC))
IF CUNIT(LUN)) 1D, 20,10
20 RETURAN
30 READ(LUN,4Q) A(1)
a0 PORMAT(4}10)
1P (EOF (LUN)) 60,58
S IF(TOCREC(LUN)) 3A,32
60 RETURN
ENTRY BACKSS

BACKIPACE LUN
IF CwPaRITY, GE Q) 72,100

?

BUFFER IN(LUN,NPARITY) (af1),8(2))
1F (UNIT(LUN))Y 80,909,080
A9 BACKSPACE LUN
BACKSPACE LUN
60 Y0 Y@
9p BACKSPACE LUN
RETUKN

READ(LUN,80) A1)
IF (EOF(LUNY) 130,139
110 1P (IOCHEC(LUN)) 129,120
129 BACKSPACE LUN

BACKSPACE LUN

G0 YO t@e
190 BACKSPACE Lun
RETURN

19

Record No1975/60

SaYSave
SATSAVE
SATSAVE
SATSAVE
SAYSavE
SAYSAVE
SATSAVE
SaTSAVE
SATSAVE
SATSAVE
SATSAVE
SAYSAVE
SATSAVE
SAYSAVE
SavSave
SAYSAVE
SATSAVE
SATSAVE
SATSavE
Savsave
SaTSAVE
Satsave
SaTSAvVE
SavSavE
SatSave
SATSAVE
SATSAVE
SATSAVE
SAYSAVE
SATSavE
SaTSave

SaTLIST
SavList
Sat (ST
SatLIST
SaTLIsY
SaTLISY
SavLIsY
SaTLIST
SatTLIST
SAT IST
SavTLIST
SaT_ IS8T
SATLIST
SaT ST
SaTLIST
SaT ST
SatTLISY
SaTL|ST
SatLisy
SATLIST
SavTLIsT
SaTLIST
SaT 1ST
SaTLIST
SaTLIST
SaTLISTY
SaTLISY
SatLIST
SaTLIST
SavLIST
SaTLIST
SATLISY
SaTLIST
Savi(sT
SATLISTY

SUIPRy
Snivae
SalPss
SK1Pne
ShIPas
K160
Snives
Sn1PAn
SalPer
SaIPAm
Sx1vee
SRIVhN
SulPon
SKIPan
Salbpy
Salren
TS LIT)
$hIPhe
St lPes
S«IPAN
SalPoe
StIPAN
SalPon
SAlPhe
SulPsn
- SKIPhn
SKIPhs
SKIPhe
S41Pob
LIS CTYY
SK1Phk
SaIPesb
SxIPhe
SxIPhe
nIPas
SAIPAL
SalPbeb
SKIPhs
$41Pbe
SKIFbn
SxIPe6e
SKiPes
SkiPhe
SKIPbe
SulPas
SKIPAS
Sx1Pae
s«ip
sx1p
SKiPbe

CBENVONALN

RO WN- D OBINC AL WY
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SUBROUTINE WIGKSAY(ALTMAY)
COMMON/F 1 X/TLOCKON, XLAT WL AT, XLON,NLON, BN, SY.QH, 8. NDOP(8). Y0
TSYARY u TwinS(TLOCKON)

ALTHax ® 0,0

DO 20 «K=i,9

CALL ALTSAT(TSTART,XLAT.XION,GH,ALT)
TIME = TSURVEY(TSTART)

IF (ALT.GY, ALTHAX) 10,48

ALTMgXY & ALT

TSTARY » TSTART.2.0

CONT {NUE

Q0 Yo 80

TETARY & TETART.4.0

ALtMax s 0,0

00 &0 xoi,21

CALL ALTSAT(YSTART,XLAT.XI ON.GH,ALT)
1F (ALY.GT,ALYMAX) 50,70

ALTRAX ® ALY

TSTARY ® TSTARTS0.2

CONTInyE

a0 Yo 80

RETURN

PRINY 130

FORMAT(/,30X+30(1M8),10X,eMaXIMUM ALTITUDE NOT FOUNDe}
ALTHMAY ® 3,0E10 S  RETURN

SUBROUTINE ALYSAT(TIME.RLAT,RLONG,QM,ALT)
CONMON/ORBIT/ TP.XMDOT,FP, DFP.EPSI.AD.WN,DWN,COSS, NG, SINS

‘DATA (18TARTNO0)

te tisYanY €0.0) 10.20

SOUATOR = 6370144.0 S  POLE ® 6356757.0
980 = 1.0=(POLE/EQUATOR) 082

ALPHi o 1,030 g ISYiAT s 3

SINL o BIN(RLAT) s f£0SL = COS(RLAT)
Siny o SIN(ALONG) S 0Sw = COS(RLONG)
BETA 5 1,0.E806G[NLee2

RPY s EQUATOR/SORT(BETA)

AMP 3 RPYOALPHA/BETA

XSK1P s (RPVeQN)eCOSLSCOgy
YSHIP a (RPVeQM)eCOSLeS INM
IOHIP & (ALPHASRPYeOH)aS N

TX & aMOD(YIME,1440.0)-TP

{4 tt:.Lv.-lln.o) soo.oso

TR o THe$440.0 $ 00 Yn 620

1P (¥n.07,16440.0-6.2831892/XNDOT) TK = TK-146c.Q

OMX » XMDOTeTK

EX o OMKeEPS}eSIN{ONK)

UK » 09(COS(BK)-EPSI)

YK = ADeSINIEK)

FX ® FP=DFPeTK

AMP & UNeCOS(FK)-YKsSIN(FN)

YKP s UKeSIN(FK)eVKeCAS(FX)

BX = HnepWyeTK

XSAT » XKPeCOS(AK)-YKPeCORSeSIN(BK)
YSAY a XKPaSIN(AK)+YKPaCO&SeCOS(BN)
23AT » YKPaSINS

DX o XSAYXSHIP 3§ DY o YSAT-YSHIP § DI s ISAT-2SHIP
DS s SORT(DXee24DYen2:DZ002)

SINALY » (COSLeCOSWeDXCORL®SINWeDY«SINLeD2) /DS
IF (SIMALT,GT.1.0) SINalT = 3,0

ALY & ASIN(SINALT)es?.3

RETURN

END

Record No1975/60

HiGhSAT
WIONSAT
HIOWSAT
MIOMSAT
WIGHSAT
MIOKSAY
HIOMSAY
HIGHSAT
HIGHSAT
WIGHSAT
HIGHSAT
HIONSAT
MIONSAT
WIGHSAT
HIONSATY
HIGKSAY
HIGHSAT
MIGNSAT
HWIGMSAT
WIGHSAT
MIGNSAT
MIGHSAT
WIOKSAT
HI0WSAT
WIOKHSAT
HIONSAT
HIGKHSAT
MIONSAT
HIBHSAT
MIOKHS5AY
MIOKSAT
MIOKSAT
MIGWSATY
MIGNSAT

aLtsar
aLtsar
ALTSATY
ALTSAY
ALTSAT
ALTSAT
ALYSAT
Al YSAT
AL #sar
ALYSAT
aLfsar
ALYSAT
ALTYSAT
ALTSAT
ALYSAT
ALYSAT
ALYSAT
ALTSAY
ALTSAT
ALTSAT
ALTSAT
ALtSAT
ALTSAY
ALTSAT
ALTSAT
aLisar
ALYSAT
ALISAT
ALfSAT
ALTSAT
ALYSAT
ALYSATY
aLfsar
ALYSaT
aL¥sar
ALdsar
ALTSAT
ALYSAT
ALTSAT
Actsar

T OALYSAT

ALTSAT
aLISAT
ALYSAT
ALTSAT
ALTSAT
AL TSAY

TALTSAT
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FUNCTION YROPOCTHETA.RALATY
Data (18YARTEO)

17 ({START.EQ.0) 10.20

C1 v 2.5/97.293779%

€2 » 1.9/97,2997793

18T4RY & 3

TMET4D & SORT(THET aee2eCyos2}
THETAW @ SORT(THETAse2eC2002)

RD & 2,31/SIN(THETAD)
R & 0,20/SIN{THET AW}

YROPD s RDeRM
RETYRN

END

FUNCTION TSURVEY(RMINS)

Coe TH]S BUNCTION CONVERTS CONTINUUS WUNAING TIWE 1IN FIAUTES
Ceo . INTO SyNvEY TIME In FORMAY *8§,DCmmMMCL® amENt

Cee 83 » SURVEY NyMBER

Cen D0 a SURYEY DAY

Cen Hn 8 WOURS G,M,T,

Cee M oa STNUTES G,M,T,

Cee €C » SECONDS G, M, T,

Cee YWIS FUNCTION CONVERTS SURVEY T1I%F In FORMAT “5§ 0DOwumsl(,
Cen INTO CONTINUOUS RUNNING TTRE [& ~INUTES

Cen 33 = SURVEY NUMBER

Ceoe oo SUNVEY DAY

Coe L]

Cee cc

I13€C » RMINSebN,3 » 2,9

InIN o 1SFC/eP
IHOUN s [MIN/bR
10AY & IMOUR/2s
IBURVEY » [DAY/iQR

I18EC = ISEC =~ I™INesd
IMIN 8 TMInNIMDUResO
IMOUR ® JHOUM=1DAYe2s
10AY » JuAY=]SuRvEY«10D

1R6P0
TROPO
TROPO
TROPO
TROPQ
TROPO
TROPO
TRBPO
TRBPO
TROPO
TROPO
YROPO
Taero
TROPO
TROPO
TROPO
TROPO
TROPO
TROPO
TROPO
100P0

TOUNVEY
TSUKVEY
TSURYEY
TSURVEY
TOURVEY
TSURVEY
TSURVEY
TSywvEY
TSURVEY
TSURVEY
TSUKRVEY
TSUwnVEY
TSURVEY
TSulveEY
TSURVEY
TSURVEY
TSukvEY
TSuwvekY
TSURVEY
TSURVEY
TSURVEY
TSyRVEY

17I=g » lsuﬂ'!'OlIBB?!'OQOIﬂl'-laﬂﬂﬁ’l'!~PUﬁ0IGOP'OI“I~;lﬂFOISIC TSURVEY

TSURVEY & JTIMEe] , PE=8
HETURN

[ 1H]

PUNCTION THMINS(TINE)

.
8 mOURS G,k T,

MM 8 mINUITES G, m, T,
e SECONDS G M, T,

ITIME & TImEal,0L8 ¢ A,9

IBURVEY o [TI®E/1PRPuADAR
1TEHP) & ITIAE/1D0RC0R
I1TEMP2 o ITIFE/1QPCR

1TEMPY = ITIME/)120

10AY & ITEMP] « lSuRVEYel@Q
IHOUR s ITEMP2 - [TEMPLelPE
I#IN o ITEMPS = ITEMPIe120
ISEC & ITIME -~ [TEMPYe10R

IBECH o JSURVEY.86202P0elDAYa80a2ReIn0URSIOPBIMINaBR]SEC
THING o JBECS/00,0

RETURN

END

Record No1975/60

TSURVEY
TSURVEY
TSURVEY
TSUHVEY
TSUNVEY
TSYRVEY

THInS
THINS
THINS
THINS
T=INS
TmIng
THINS
THINS
THINS
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