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THE OSUGGP PRGGRAM

1. INTRODUCTIGN

OSUGOP is a computer program that was developed at the Ohio State
University. The name OSUGOP is an acronymn for Ohio State University
Geometric and Orbital Program. The basic purpose of the program is to perform
adjustments for ground station coordinates from observations made to satellites .
by stations observing from the grodnd. The observations can be optical or
ranges, and the adjustments can be performed in either the geometric or the
orbital mode. This program is based on many smaller programs deifeloped "
in 1966 and 1967 and written in the SCATRAN language for use on the IBM 7094
computer [ Krakiwsky, et al., 1967 and 19‘68].' Later programs were also written
for use on the IBM 7094, but they were written in the FORTRAN IV language.

In the spring of 1969 the geometric adjustment of optical observations and the
solutions of the normal equations programs were converted to the FORTRAN IV
language from the original SCATRAN listings. At that time it was anticipated that
further additions to the program would be neceséary, and fof this reason the
programming was done in such a way that additional programs could be added very
easily. A system of problem codes was established that would direct the computer
to perfdrm the different adjustments. In the fall of 1969 additional subroutines
were added to the system to process range observations in the geometric mode.

From the fall of 1969 to the spring of 1971, the. only changes made in OSUGOP
were improvements in logic and additional constraint options. Then in the spring
of 1971 subroutines were added to perform an orbital adjustment, An additional
change was the ability to read optical data in the GEOS format.

Of the authors listed, C. R. Schwarz wés a graduate student from
September, 1967 to September, 1970, and is currently with the Defense
Mapping Agency Topographic Center, Waéhing'ton, D. C.; M. C. Whiting was
a graduate studert from September, 1970 to January, 1972, and currently

lives in San Francisco, California.



2. PURPOSE OF THE PROGRAM

OSUGOP is an adjustment program that can be used for many different
tasks. The main purpose is to perform an adjustment for observing station
coordinates. The program, however, has been developed in such a way that
certain specific tasks can be performed without resorting to a complete solution.

In order to control the data flow in the program, a system of "Problem Code
Definitions" has been established. These codes are numbers punched in columns
1 through 20 of a data card that is read by the program near the beginning of 'the data
deck. After the problem codes have been read the program uses these codes to
branch to the subroutines needed to perform the required task. These "Pro‘blem
Code Definitions' are given in Table 1. As it can be seen there are seven (7) different
types of data that can be processed (see PCODE (1)). However, at the present time
. (September, 1972) only five of these are operational. The documentation included
in Table 1 makes the table self-explanatory. If it is desired to perform a solution
(i.e., PCODE (2) = 1), it is necessary to impose some constraints on the stations
in the network. Téble 2 is a listing of the "Constraint Code Directory.'" A complete
description of each of these constraints is given in Section 4.

The purpose of this report is to describe how to use the OSUGOP program.
~ In this case it is best to start with the arrangement of the card deck for each of the
five possible types of adjustments designated by PCODE (1). Figures 1 through 5 are
schematics of the various cases. Notice that in all cases the deck setup is the same
through the station coordinate packet. Also notice that there are no program cards.
The program itself is stored on a disk pack and the JCL cards at the beginning of the

deck are all that is necessary to call the program.
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Table 2

CONSTRAINT CODE DIRECTCRY
WEIGHTED CONSTRAINTS

CONSTRAIN THE CCORDINATES OF A STATIUN AT A PRIORI VALUES*{I1.E.WEIGHT IT

- IMPCSE CHORD DISTANCE CONSTRAINT®*,

IMPOSE RELATIVE POSITICN CONSTRAINT*
IMPCSE DIRECTION CONSTRAINT=
CONSTRAIN THE GEODETIC LATITUDE,LONGITUDE AND HEIGHT OF A STATICN.*

ABSOLUTE CONSTRAINTS

DEFINE THE ORIGIN OF THE CCORDINATE SYSTEM BY IMNER ADJUSTMENT EQUATICONS
DEFINE THE ORIENMTATION OF THE CCORODINATE SYSTEM BY INNER ADJUSTMENT
DEFINE THE SCALE OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT EQUATIONS
COMPLETELY FIX ONE OR MORE CCORDINATES OF A STATICON * §

COMPLETELY FIX ONE OR MORE COORDINAYES OF RELATIVE POSITION*S

*¥IF THE CCORDINATES,RELATIVE POSITION, DISTANCE, OR DIRECTICN, TO BE
CONSTRAINED ARE NOT GIVEN, THE CONSTRAINT IS COMPUTED FRCM THE
APPROXIMATE COORDINATES OF THE STATION{S)} INVOLVYED

3THE DIAGONAL ELEMENTS OF THE W MATR1X ARE USED AS CODES TO INDICATE
WHICH COORDINATES ARE TO BE FIXED. A NON-2ERO CODE MEANS TO FIX
THE COORDINATE. ’



3. INPUT TO THE OSUGOP PRCGRAM

The input is made up of card packets, which are groups of cards con-
taining a variable number of cards, and signal cards. Each packet is
terminated by an end signal card, which is blank in columns 1-79 and
contains "E" in column 80. The one exception is the optical observation
packet using the GEOS format. Here the "E'" must be punched in column
73 (denoted "special end card" in Figure 2). Depending on the type of run,

some packets may or may not be necessary.

3.1 Card Format for Required Cards

Title Packet (always required): As many title cards as desired are
permitted, containing any text in columns 1-79, This text appears verbatum
on the first page of the output. An end signal card terminates this packet.,

Problem Codes (always required): These codes appear on a single
card and control the type of processing to be performed by the program.

See Table 1 for a description of each code and the column in which it is
punched. (Do not put an end signal card after this card).

. Datum 'Cardb Packet (always required): This contains a list of the
ellipsoids on which the input and output ellipsoidal coordinates of the stations

are located. Each datum is described by 2 cards.

Card 1.
Columns - Format Contents
1-2 12 Identifying number of datum,
- 3-15 ' F13.2 Semi-major axis of ellip.soid.
16-28 ’ F13.2 Semi-minor axis of ellipsoid.
Card 2.
Columns Format Contents
1-32 . 4A8 32 character alphabetic name of datum,



The datum packet is terminated by an end signal card.
Station Coordinate Card Packet (always required): Each card gives the

input (or approximate) coordinates of a station.

Columns Format Contents
1-4 14 Identifying number of the station,
5-6 12 Identifying number of the ellipsoid to which

the ellipsoidal coordinates refer,

7-24 4A4, A2 . 18 character station name.
25 Al Sign of latitude.
26-28 13 : Degrees of latitude,
29-31 13 Minutes of latitude.
32-39 F8.4 Seconds of latitude.
40-42 . 13 Degrees of longitude (+East).
43-45 13 Minutes of longitude.
46-53 F8.4 Seconds of longitude.
54-63 F10,2 Ellipsoid height (in meters),
73-79 F7.2 Standard deviation to be used for all obser-

vations from this station (IF PCODE (12) = 1),

There is one card for each ground station in the network. This packet is
terminated by an end signal card. |

The identifying number of the datum for the station coordinates must correspond
to the number defining the datum. For example, if one only has station coordinates on
the North American Datum, the datum card packet could contain a card with the number
1 in column two, and the numbers 6378206,.4 and 6356583. 8 for the semi~major and
semi-minor axes. Then on each station coordinate card one would have to pht the

number 1 in column six to show that these coordinates refer to the North American

Datum.
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Figure 1. Deck Setup for Optical Program (OSU Format).
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Figure 2. Deck Setup for Optical Program (GEOS Format).



/JCL (End of Deck)

|

J End Signal

Constraint Packet
(If solution is desired)

End Signal

/
/

Range Data

Test Distance Card

End Signal'

Station Coordinate
Packet

End Signal

Datum Packet

Problem Codes

End Signal

Title Packet

JCL

Figure 3. Deck Setup for'R.a.nge Program in the Geometric Mode.
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Figure 4. Deck Setup for Solution Using Normal
Equations Punched on Cards.
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Figure 5. Deck Setup for Range Observations in the Orbital Mode.
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- 3.2 Card Formats for the Different Options

. There are five different types of input that can be handled by this program,

The deck setup for each type of observation will be discussed separately.

3.2.1 Optical Observations, Geometric Mode. -

Thefe are two different card formats for the opfical observations.
However, th_e adjusfment itself is the same for both. The reason for the two
different fermats is that the original optical programs written in SCATRAN
utilized a card format that was convenient for the programmer and is
referred to as the OSU format, Whenever the first opticel data from the
GEOS 1 .satellite'became available, it was easier to change the observations
to .the OSU format than to modify the program. When the optical program
was later. converted to FORTRAN IV the OSU format was retained. Because
the GEOS format has been accepted as :; sta.ndard'format, the computer
progr‘am was modiﬁed in 1971 to accept either card format,

As can be seen from Figures. 1 and 2, it is necessary to havve a test
distance card in front of the optical observations. This test distance card is
used tok specify a rejection criteria for eaeh observation. . The purpose of
the rejection criteria is to eliminate bad or questionable observations from
the adjustment automatically without physieally removing the observation
cards from the card deck. The optical erogfam is designed to read all
the observations that have the same time of observation, and then per-
form an adjustment for the position of the satellite. The approximate
station coordinates of the observation stetions are held fixed during this
adjustment. If the approximate coordinates of the observing stations are
known to a certain degree of accilracy, and if the observations are known
to a certain accuracy, the accuracy of t_he adjusted position of the satellite
eah be predicted.

The need to have a rejection criteria may not be very ob\rious, but from

-12-
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past experience it has proved to be very useful. A fairly large percentage
'6f the optical data received from the Space Science Data Centér in Washington
had large blunders. By setting the rejection criteria ét a réasonab}e
value, all bad observations were eliminated from the solution, |
The rejection criteria can also be used wh‘en the data is reasonably free .
from bad data but some of the approximate Stafibn'.coordinates are not well
known, Here the rejection criteria can be set fairly high for Oné or two
iterations so that all observations are accepted and the questionable station
.coordinates are allowed to adjust. | o
In additiqn to specifying the rejection criteria, there is a place on the
fest distance card to insert a value for the standard deviations of all observa-
tions that will override the actual standard deviation punched on the observation
cards. The standard deviations will then be the same for ocos and 6, and
the covariance term will be zero. | The need for this feature in the program-
became apparent when the standard deviations on the obse.rvation cards were
noted to be cqmpletely out of line.

3.2.1.1 Arrangement of Optical Obser\}ations.

The only requirement in the arrangement of observafion cards is that they
are grouped by events. An event is all the data that has been observed on a
satellite at the same instant of time. The time on the data cards should be
the same, but the; computer program will allow for a deviation of 0. 0002-
seconds. There must be at least two (2) observation cards in an event ( i.e.,
a minumum of two stations must observe the satellite at the same time).

If there are mofe than two stations observing at the séme instant of
time the program will perform an adjustment for the satellite position start-
~ ing with all observations. If any of these observations are bad the program
will delete them and perform an adjustment with the remaining observations.
If after deleting the bad observations there are less than -tv'vo stations observing,

the entire event is deleted.



The format of the optical observations must agree with the code

punched on the problem code card. Using the OSU format

PCODE (1) =1, ahd using the GEOS format PCODE (1) =17, The card form ats

peculiar to these optical observatiohs are described below:

Test Distance Card.

Columns

1-20

21-30

Format

F20.2

F10.2

Contents

Reject'ioh criteria, in seconds of arc, to

be applied to each observation during editing.
Standard deviation, in seconds of arc, to

be used for all observations (if PCODE (12) = 2).

Optical Observations (OSU Format) Card Packet,

Columns

1- 3
6-19

20-26

Format
13
12, 13, F9.4

12, A3, 12

213, F9.5

Al,12, I3, F8.4

F5.2

F5.2
F5.2

Contents
Station identification number.

Hours, minutes, seconds of observation
(expressed in UT1).

Day, month, year of observation (Note:
month can be either three letters such as
dan, Feb, etc., or else the

number 1,2,...,12),

 Hours, minutes, seconds of right

ascension ().

Sign, degrees, minutes, seconds of
declination (¢&).

Standard deviation of o multiplied by the
cosine of the declination, in seconds of arc.

Standard deviation of 6, in seconds of arc.

Covariance between o cosé and § , in seconds
of arc squared. S

This packet is terminated by an end signal card.

-14-



Optical Observations (GEOS Format) Card Packet

Columns Format . Contents

15-18 : IZ Station identification number.
19-24 312 Year, month, 'day of observation (Note:

Month must be expressed as a number)

25-34 212, F6.4 Hours, minutes, seconds. of observatio—n
" (expressed in UT1). )

35-44 13, 12, F5.3 Hours, minutes, seconds of right
ascension (o). 1
45-53 ° Al, 212, F4.2  Sign, degrees, minutes, seconds of
- declination. : :
72-74 F3.2 Standard deviation of o multiplied by the
' cosine of the declination, in seconds of
arc. _ o
75-77 F3.2 " .Standard deviation of declination &, in

seconds -of arc.

78-80 "_F3;1 ' vaai'ian_ce between o coséand 6, in
' seconds of arc squared.

This packet is' terminated by a special end signal card. This
card has the letter E punched in column 71.

3.2.2 Range Observations, Geometric Mode.

‘As with the optical observations, a test card is required in front o'f. the
range observations. The purpose of the card is the same as describ'ed for
the optical observations. The arrangement of the range observations h:‘:ts‘:_the
same b;clSi(": requirement as optical observation,.and this is the grouping 6fv
observations by events. »:Th‘e' minimum number of observations for an event
is four (4). Thic subpéogfam does not have the prévision for eliminaﬁibn of
individual observations ffom an event; if one obsei‘va{tion is bag, the‘ entire
eveflt is deleted. | | |

" When using the range Abservations in the geometric mocie, PCODE (1) = 2.‘

The card format for the range observations is thé GEOS range format. The

~-15- .



GEOS format as given by NASA uses all 80 columns of thé data card. Since
many coluinns-ar_e used for informaﬁon such as satellite number, year of
launch, -etc., they are not included in tﬁe card format description that
follows. The only information included -i"n: this description is data pertinent

to the observation itself.

.Test Distance Card

Columns Format Contents

1-20 F20.2 Rejection criteria, in meters, to be
applied to each event.

21-30 F10.2 Standard deviétioh, in meters, to be

' used for all observations (if PCODE

(12) = 2).

Range Observation Card Packet

_ Columns Format Contents
15-18 Mmoo Station identification number.
19-24 - 3I2 Year, month;- day of observation.
25-34. 12, 12, F6.4 Hours, 'minutes, seconds of observation.
44-53 F10.3 Range,' in meters.

65-70 F6.3 Standard deviation, in imeters.
This packet is terminated by an end si'gnal_ card.

The time (hours, minutes; séconds) of observation for range obser-
vations in the geometric mode can be in any time system. In every other
type of adjustment the times must be in the UT1 time system, but in“this '

case, the times are used only to distinguish the different events.

3.2.3 Solution Using Punched Normal Equations.

Whenever the OSUGOP Prqgrém is used with observations, it is possible
to punch the normal equations on cards. These normals are punched prior
to the addition of constraints, which means that the matrix of the normal
equationsv is singular. This punching is made possible by setting PCODE

@) = 1. B
' ~-16-



The reasons for punching the normal equations are many. The most .
common use is that if many different solutions are to be run using the
same observations, but with different constraints it is more efficient to
form the normals only once, and then run the different solutions by changing
only the constraints. It may take fifteen minutes of computer time to form
the normal equations, and only fifteen seconds to perform the solution.
Another important reason for punching normal equations is for use in a
combination solution of two or more different systems of equations. The...
different sets of normal equations can be solved together, using constraint
or ties between the systems.

Because of the need for punched normal equations, the punched output
should be in such a format that the user can easily distinguish which |
rows and columns refer to a particular station. This has been accomplished
by forming the normal equations in what is referred to as the ASD format.
This is a collapsed form'of normal equations where all zero elements have
been eliminated. All matrix elements are in the form of 3 x 3 matrices
(3 unknowns for each station). However, additional information other than just the
elements of the matrix is punched. It is necessary to include the stations numbers and
a code number to indicate the end of a row. Also, the degrees of freedom
(d.o.f.) and the summation of V'PV are needed. Since these normal
equations are really a system of eguations, the discrepency vector, U,
must be included. The discrepancy vector is the vector U in the

expressions
NX +U=20
X = -N'U.

The punched output of normal equations starts by punching the d.o.f. .
and ZV'PV on one card, and then punching each row of the normal equation.
The first card for each row is the station number. The next card gives

the three elements of the U vector that corresponds to this station number.

-17-~



The next three cards are the elements of the 3 x 3 matrix that correspond
to this station. - Following this are the eff—diagonal elements, which in this
case are the 3 x 3 matrices corresponding to all the other stations that co-
c.)bserved‘ with the first station of this row. ' These are denoted by punching .
a card with the station number, and then three cards with the 3 X 3 matrix.
This is repeated for all stations that co-observed. After the last set of
elements for the row have been punched, a card containing the number 999
is punched to indicate the end of the row. After that the next row is

punched, and so on until the end of the matrix has been reached.

A sample of the punched output can be seen in Figure 6. The first
line shows the d.o.f. (4069) and T V'PV (6737.147170). The next ‘printed
line indicates that the first row of normal equations has station number 9066
on the diagonal. The following card gives the three elements of the U
vector, and the three cards following this are the elements of the 3 x 3 -
matrix corresponding to station 9066. After the diagonal elements come
the stations that co-observed with ‘station 9066, and the 3 X 3 matrix of
off-diagonal elements for each of these stations. In‘ this case, they are
stations 8015 and 8019. The end of the first row is marked by the 999
(15th line).

Whenever the computer is asked to punch a set of normal equations, -
it is always a good idea to set the proper PCODES to print the normals
also, as well as a guide matrix to indicate the layout of the matrix.

This can be done with PCODE (6) and P CODE (7) (see Table 1). The -

guide matrix that corresponds to the normal equations in Figure 6 is

given below:
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GUIDE MATRIX

9066 8015 8019 999

8015 8019 9051 999
9080 999

Although it cannot be easily seen from the above guide matrik, the matrix
of normal equations is upper-triangular. Another example of a guide matrix
is shown in Figure 16, |

When using punched normal equations to perfofm an adjustment, the
deck setup is as shown in Figure 4. After the constraint packet, the card
containing d.o.f. and YV'PV is first, then the normal equations, and at the end
the additional 999 card or an end-signal card with the letter E pundhed in

Column 80. PCODE(1) is set equal to 3 in this case,

3.2.3.1 Combining Different Systems of Normal Equations.

If different systems of normal equations are to be combined for a single
adjustment, the only additional work required is to physically combine the
normal equations together into one data deck. When doing this, there are
several things that must be dohe: :

1. There can only be one card with degrees of freedom and
LV'PV. Therefore, the values for each set of normal
equations should be added together and the total d.o.f. and
ZV'PV punched on one card.

2. There can only be one row for any one observing station.

If station 9000 is included in more than one set of normal
équations, the 3 X 3 matrices of diagonal elements corres-

ponding to this station in each set of normal equationé
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must be added together to form one 3 X 3 diagonal matrix.
The same goes for off-diagonal elements. If station 9000
co-observed with station 9010 in more than one set of :
normal equations, these 3 x 3 matrices must be added
together to form one matrix.

Along the same line of reasoning mentioned in 2., if
station 9000 is included in more than one set of normals,
but in the later set co-observed with a station that was not
included in the first set, the off-diagonal matrix corres- .
ponding to that station in the later set of normals must be
mqv,ed into the row of the first set of normal equations.
This can best be illustrated by guide matrices for two

different systems:

First Set of Normal Equations

1 2 3 4 ' 999
2 3 4 999
3 4 999
4 1999
.Second Set of Normal ‘Equations
4 5 6 999
5 6 999
6 999 ;
Combined Set of Normal Equations
1 2 3 4 999
2 3 4 999
3 4 999
4 53 6 - 999
5 6 999
6 999
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4. Make sure that the matrix of normal equations is upper-
triang'ular. As dan be seen from the guide matrix of
combined normals 'above, Station 1 co-observed with
Station 2, but when one forms the second 'row, the 2-1

station combination is not repeated.

3.2.4 Range Observations, Orbital Mode.

In qrder to use range observatiohs in the orbital mode, the deck set-
up requires a great deal .of work. It is necessary to have three data cards
at the beginning of the data packet thﬁt give the earth constants, coordinates
of the center of mass, and the uncertainties in the center of mass (see
Figure 5). - After this, the‘ observations are separated into passes, and
with each pass must be included the approximate orbital elements at a
particular epoch and a code to tell the program what the coordinate system
is. The epoch time is also included.. Each pass is then separated by an
end signal card. Because of the complexity of the deck setup, each step

will be described in detail.

3.2.4.1 Earth Constants.

The earth constants are the semi-major axis of the earth, GM
(or kM), gravitational constant X mass, and the rate of rotation of
the earth. Also included on the earth constants card is the standard
deviation of the observ»ationsl if one wants té override the actual standard

deviation punched on the Obé_ervation cards. The card format is as

follows:
Columns Format Contents _
1-20 D20.8 Semi-major axis of the earth, in

meters.

21-40 D20.8 GM, in units of cm®/sec?.

41-60 D20.8 Rotation rate of the earth, in
radians/sec.

61-80 ' D20.8 Standard deviation, in meters, to

be used for all observations (if
PCODE (12) = 2).
_22..



3.2.4.2 Coordinates of the Center of Mass.

The coordinates of the center of mass give the location of the center of '
mass with respect to the origin of the ellipsoid used in the adjustment. .
The coordinates of the éenter of mass are given in the coordinate system

in which the station coordinates are given.

Columns Format Contents
Card 1 1-15 D15.8 X coordinate of the center of mass.
16-30 DI15.8 Y coordinates of the center of mass.
31-45 D15.8 Z coordinate of the center of mass.
Card 2 1-15 D15.8 uncertainty of the X coordinate of

the center of mass, in meters.,

16-30 D15.8  uncertainty of the Y coordinate of
the center of mass, in meters.

31-45 D15.8 uncertainty in the Z coordinate of
the center of mass, in meters,

3.2.4.3 Orbital Data. . L ,

When inputing orbital data, the data is separated so that each orbit,
or pass, is input separately. ‘The first card of each pass gives the pass .
number, hame and a code to indicate the type of preliminary orbital elements
used to describe the orbit (see details below). The next two cards contain
the orbital elements. The fourth card contains the time of epoch. After the
time card, the observations for the particular pass are read. The cards do
not haye to be in any order, but to conserve computer time it is best to arrange
the obseljvétions in the order of ﬁnéreasing time. The last card for the pass is: -
aﬁ end signal card. _

Each pass is arranged the same way as described above and placed one
behind thé other. There is no required order for arranging the different
passes; the program works on each pass separately. After all pasées

are inserted in the deck, an extra end signal is placed after the last pass.
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(Note: This end signal cardis in addition to the one at the end of the last
pass of data.) ‘ |

The first card of the pasé can have any number or name; these are used
for identification purposes only. The code (IOCODE) used to indicate the

type of preliminary orbital elements must be one of the numbers 0 through

4.

IOCODE = 0 - means rectangular elements are given in the True Sidereal
System.

IOCODE = 1 - means rectangular elements are given in the Modified Sidereal
System.

IOCODE = 2 - means the rectangular elements are given in the Earth-Fixed
System.

IOCODE = 3 - means Keplerian elements are given, referred to the true
equator. '

IOCODE = 4 - means Keplerian elements are given, referred to the true

equator and the 1950.0 equinox (i.e., the SAO Orbital System).

If the value of IGCODE is 0, 1 or 2, .the orbital elements are expressed as
X,Y,Z on one card, and X,Y,Z on a second card. If IOCODE is 3 or 4,,
the orbital elements are expressed as the semi-major axis, eccentricity
and inclination on the first card, and right ascension of the ascenditig node,
argument of perigee, and mean anomaly on the second card.

The fourth card of each pass is the same regardless of the type of
orbital elements used. This gives the epoch time, which is the time that
corresponds .to the orbital elements. This particular card, at first glance,
appears to be very confusing due to the fact that there are several options
for specifving epoch time. Figure 7 is a sample of the fourth card layout.

If the value of Z CODE is left blank, it means that the orbital elements refer

/EPOCH(MJD) IDAY MONTH IYR IH MIN ESEC ZCODE (IHR IMIN SEC

Figure 7.
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to the epoch time given at the left side of the card, and can either be expressed

in MJD or day, month year, hour, mmutes seconds If the value of ZCODE

is anything other than a blank, it means that the epoch t1rne is the hours mmutes

and seconds given on the right-hand s1de of the card. The distinction between

these two times is that if the epoch time is given on the right-hand side of the -

card, the epoch time is outside the timespan of the pass, and the desired

epoch time is the time given on the left side of the card, It means

that the actual epoch time is that given to the right of ZCODE, which may be »

as much as 24 hours away from the time of the pass. In this case, the

computer program updates the elements to the time given on the left side. of the

cards. Care must be taken to insure that the proper day is given, since only

hours, minutes and seconds are given on the right—haod side of the card. |
After the time card, the range ob_servations for fhat particulai‘ pass are

inserted w1th an end card placed after the last range card.

The card formats are as follows

QOrbital Data for Each Pass

Columns Format " Contents

Card 1 1-4 A4 Orbit number (can be anything, used
for analysts identification only).

5-52 6A8 ~ Orbit name (for identification only,
this can be left blank, if desired).

53 - I1 ~ IOCODE. This is the number 0, 1,
2,3 or 4 depending on the coordinate
system of the orbital elements.

(i) Orbital elements given in rectangular coordinates
(IOCODE = 0‘, 1 or 2).

Card 2 1-15 D15.8 X coordinate of satellite, in meters.
16-30 D15.8 - Y coordinate of satellite, in meters.
31-45 D15.8 Z coordinate of satellite, in meters.
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Columns Format
card 3 1-15 D15.8
16-30 D15.8
D15.8

31-45

Contents

).(, the velocity component"_in' the X
direction, in meters/sec.

S'{, the velocity component in the Y
direction, in meters/sec.

i, the velocity component in the Z
direction, in meters/sec.

(ii) Orbital elements given as Keplerian elements

(IOCODE = 3 or 4).

Columns Format Contents
Card 2 1-15 D15.8 Semi-major axis of orbital ellipse,
in meters.
16-30 DI15.8 Eccenticity of orbital ellipse.
31-45 D15.8 Inclination of ellipse to equatorial
plane, in degrees and decimal degrees.
Card 3 1-15 D15.8 Right ascension of the ascending node,
in degrees and decimal degrees.
16-30 D15.8 Argument of perigee, in degrees and
decimal degrees. ‘
31-45 D15. 8 Mean anomaly, in degrees and
' decimal degrees.
Epoch Time Card
Columns Fo’rfnat Contents
Card 4 1-15 D15.8 Epoch time expressed in modified
- Julian days (MJD).
16-20 15 Day of the month.
23-25 A3 Month of the year. This can be
: the numbers 1 through 12 or the
first three letters of the month's
name, such as JAN, FEB., etc.
26-30 15 Year (last two digits).
31-35 15 Hours.
36-40 15 Minutes .
41-50 D10.5 Seconds,
' -26-




If the orbital elements given are at a time not in the actual pass itself,

this time is punched as follows:

Columns Format Contents
51-55 15 _ | Hours
56-60 15 Minutes
61;70 DlO 5 Seconds

(Note: In order for the computer to use this time, something other than
blanks must be in columns 54 or 55. Therefore, even if the time is zero
hours, the zeros must be punched in columns 55 or 54 and 55).

It should be noted that on the format of card No. 4, there;is no ZCODE
as such described. The FORTRAN coding has been done in such a way that
columns _54 and 55 are recognized as ZCODE and also as part of the hour

value.

; Observatidns Cards. '

The format for the observation card for the orbital adjustment is identical
to the observation card format described in the Range Observations, Geometric
mode section of this report (3.2.2).

The end of data‘ on each pass is marked by placing an end signal card

after the last observation.
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4. CONSTRAINTS

Table 2 is the directory of the constraint codes needed to apply constraints
to normal equations prior to a solution. There are ten different types of
constraints that can be applied, five types of weighted constraints and five
types of absolute constraints. In all cases, the first card gives the constraint
code, and then depending on the type of constraint, the cards following give

the required information necessary to apply the constraint.

4.1 Weighted Constraints.

4. i.l Constrain the Coordinate of a Station at its a Priori Value.

This constraint is used to weight any one or all three Cartesian coordi-
nates of a station. It is used primarily to control the translation or to
define the origin of a network of stations. The weight needed to apply this

constraint is

002 .is the a priori unit variance (which, in most cases, is assumed
to be 1).
o;°  is the variance of the component of the station coordinate, in

meters squared.

Four cards are needed to apply this constraint. The first card is the
constraint code, which in this case is 1. The second card is the number
of the station to be constrained. On the third card are listed the coordinates
to be constrained, and the fourth card gives the weights to be applied to
each of the coordinates.

If the coordinates to be constrained are the approximate coordinates
given at the beginning of the program, the third card is replaced by a

blank.
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The card formats are as follows:

Columns Format Contents

Card 1 1- 2 12 Constraint code, which in this case
is the number 1.

Card 2 1- 5 I5 Station number of the station to be
constrained.
Card 3 1-16 D16.8 The X component of the station

coordinate, in meters.

17-32 D16.8 The Y component of the station
. coordinate, in meters.

33-48 D16.8 The Z component of the station
: : coordinate, in meters.

Any one, or all three of the coordi-
nates can be constrained. If only one
or two components are to be constrained,
let the field blank for the part not to

be constrained. If the approximate
coordinates as given at the beginning of
the program are to be constrained,

card 3 should be blank. '

Card 4 1-16 D16.8 Weight to be applied to the X component,
17-32 D16.8 Weight to be applied to the Y component.

33-48 D16.8 - Weight to be applied to the Z component.'

4.1.2 Chord Distance Constraint.

The chord distance constraint is used primarily to apply a scale. The
chord distance is‘computed by the progrém if the approximate station
coordinates are to be used to compute the chord., If the chord distance
is known from another source, the distance is punched onto a card.

Three cards are needed to apply this constraint. The first -card is =
the constraint code, which is 2. The second card gives the station numbers

of the two stations involved in the chord constraint. The third and last

card gives the chord distance, and the accuracy of the distance. If the
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accuracy of the chord distance is 1 part in 500,000, the number punched

on the card is 500,000. The card formats are as follows:

Columns Format Contents
Card 1 1- 2 12 Constraint code, which is 2.
Card 2 1- 5 15 Station number of the first station.
6-10 15 Station number of the second station.

Card 3 1-16 D16.8 Chord distance (in meters). This is
: left blank if the chord distance is to
be computed from the approximate
coordinates.

17-32 D16.8 Accuracy of chord distance, expreésed
as the denominator of the accuracy
ratio.

4.1.3 Relative Position Constraint.

This constraint is used when two or more stations have known positions
with respect to each other. After the adjustment, the relative positions of
these stations should remain unchanged, or the change should be within
the limit of accuracy of the survey that tied the stations together. A
cdmmon use for this constraint is where two or more stations are observing
from the same small island where the positions of the stations are known
on a local datum survey but the positions on the datum of the adjustment
are not known.

The relative position constraint can only be applied between two stations
at a time, If there are more than two stations involved, additional relative
positions constraints must be used. As an example, if the relative positions between
stations 1, 2 and 3 are to be constrained, a constraint can be applied between stations
1 and 2, and an additional constraint between stations 2 and 3, A third constraint
can be applied between stations 1 and 3, but it isn't necessary.’

Féur cards are needed to apply this constraint, The first card is
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the constraint co’d_é, which is 3. The second card gives the station numbers
of the two.stations involved in the relative position constraint. The third
card gives the AX, AY, AZ coordinate difference between the two stations
that is to be constrained during the adjustment. The fourth and last card
gives the weights of the coordinate differences. A word of caution is
necessary about the sign convention. The signs of the coordinate differences
on card three must correspond to the order the station numbers appear on
card two. As an example, if on card two the station numbers are 1 and 2,
with 1 being punched in the first field, the sign convention for card three
must be X, - X,,Y, - Y,, and Z, - Z,. -

The card formats are as follows:

Columns Format Contents
Card 1 1-2 12 Constraint code, which is 3.
Card 2 1-5 15 Station num'ber of first s‘tation 1).

6-10 5 Station number of second station (2).
Card 3 1-16 D16.8 ‘Coordinate difference AX, expréssed
' ~as X3 - Xj.
17-32 D16'.A8 Coordinate difference AY, e#pressed
as Y, -Y,.
33-48 D16.8 Coordinate difference AZ, expressed

as 72, -Z,.
Card 4 1-16 D16.8 Weight to be applied to the AX
coordinate difference.
17—32 D16.8 _Weight to be applied to the AY
coordinate difference.
33-48 D16.8  Weight to be applied to the AZ

coordinate difference.

If the approximate coordinates are to be used to compute AX, AY and AZ,
card 3 should be left blank.



4.1.4 Direction Constraint.

When the> direction between two stations i and j is to be constrained,
it can be accomplished by applying weights to two angles « and B defining

the direction between them. These angles are defined as

o= 1:an'1—2-xSE
B = tan'lAR—Z
where
AX = X, - X,
CAY =Y, - ¥,
Az =2z, - Z,
and

R = (AX® + AY?)?

As with some of the other constraints, if the directions are to be
- computed from the approximate station coordinates, it is not necessary to
1

precompute « and B.

Four cards are needed to apply this constraint. The card formats are

as follows:
Columns Format ~  Contents
Card 1 1-2 12 ‘ Constraint code, which is 4.
Card 2 =~ 1-5 I5 ‘ Station number of first station.
6-10 15 Station number of second station.
Card 3 1-16 D16.8 Alpha (&), in seconds.
17-32 D16.8 '~ Beta (B), in seconds.
Card 4 1_-‘16 D16.8 Standard deviation of &, in seconds of arc.
17-32 D16.8 Standard deviation of 8, in seconds of arc.
33-48 D16.8 Covariance term, in seconds of arc?.
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If the approximate coordinates are to be used to compute o and B,

Card 3 should be left blank.

4.1.5 Constraint on Geodetic Latitude, Longitude and Height.

This constraint can be applied to the latitude, longitude and height or
to any one of the three. The main use for this constraint has been to
apply height constraints to island stations where the orthometric height
has been well determined, and the separation between the geoid and the
reference ellipsoid is known to a certain degree of accuracy. K can also
be used to define the origin of a neiwork. This is identical in concept .

to constraint code 1 except here the coordinates constrained are ¢ ,\,h,

Four cards are needed to apply this constraint. The card formats

are as follows:

Columns - Format Contents
Card 1 1-2 o I2 Constraint code, which is 5.
Card 2 - 1-5 - I5 Station number of the station to -

be constrained.

Card 3 1-16 - D16.8 Latitude ip, in degrees and decimal
degrees. ' |
17-32 D16.8 Longitude A, in degrees and ‘decimal
degrees.
33-48 D16.8 Height h, in meters.
Card 4 - 1-16 D16.8 Standard deviation of ¢, in seconds
of arc. ‘ .
. 17-32 D16.8 Standard deviation of A, in seconds
of arc,
33-48 D16.8 Standard deviation .of h, in meters.
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Any one, or all three of the coordinates can be constrained. If only one
or two components are to be constrained, leave the field blank for the
part not to be constrained. If the approximate coordinates are to be

cdnstrained, Card 3 should be blank.

4.2 Absolute Constraints

The five absolute constraints dre listed in Table 2. Three of these
constraints use the inner adjustment equations, and for this reason a
more detailed description is necessary [ Blaha, 19717,

Whenever an adjustment is to be performed on a network of observing
stations, it is necessary to define an origin, establish some form of
orientation, and set a scale. With optical observations, the orientation is
determined from the observations themselves, and with range observations
the scale is determined from the observations. The inner adjustment
constraint package was developed fbr use when the‘ origin, orientation or
scale was not known. An example of its use could be on a net of observing
stations, each station on an isolated island in the ocean. If the observing
stations were cameras, the origin and scale would have to be determined
before adjustment. By applying constraint codes 11 and 13, the program
would use the inner adjustment equations to get the best origin and scale
poséible from the geometry of the network and the observations themselves.

Only one card is necessary to call any one of the inner adjustment
constraints. This is the same as the first card of the weighted constraint
package, which is the code number punched in columns 1 and 2 of the
card. If the origin is to be defined, use code 11; for orientation, code
12; for scale, code 13. Codes 14 and 15 are not operational, but the
same results can be obtained by using constraints 1 and 3, using very large

weights.

4.3 Using Constraints Only in an Adjustment.

In addition to the five different types of adjustment (the deck set-ups
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of which are described in Figures 1 thru 5) it is possible to pérform an
adjustment without observations. This can be done by using constraints

: _énly. If there are enough constraints applied to tie all the stations to-
‘gether, this is equivalent to forming a set of normal equations, In this
'computer program, the constraints are always added to the existing normal
‘equahons (see [ Mueller, et al 1970], pp. 10-16 for a description of this).
If the existing normal equations do not exist, the normal equations can be
formed entirely from constraints. Care must be taken‘to insure that all
stations are constrained properly. - . |
| The deck set-u'p.for golution using constraiil_ts only is shbwn in Fi'guré 8.
This is"identical, to the deck set-up for a solution only (see Figure 4) excépt B
the degrees of freedom card and the punched normal equations are replaced

A by a blank card. As with the solutlon only run shown in Figure 4, PCODE (1)

must be set equal to 3 on the problem codes card,




/JCL (End of Deck)

End Signal

Blank Card '

End Signal

Constraint Packet

End Signal

Station Coordinate
Packet

End Signal

Datum Packet

‘ . Problem Codes

End Signal
Title Packet

/ JCL

Figure 8. Deck Setup for Solution Using Constraints Only.
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5. OUTPUT

As far as the geodetic analyst is concerned, the most important part
of an adjustment is the final results which are given in the printed output
from the computer. Howéver, there is more information included in this
printout than the solution vector itself, and for this reason an explanation
may be necessary. In this section of the report, the ehtire printed output
is ‘explained in detail, A

5.1 OQOutput Common to All Adjustments.

The first few pages prmted on any adjustment are identical in format
regardless of the type of ad)ustment. These pages contam the information
input to the program on punched cards giving the description of the job
itself, the pfoblem codes, the datums involved in thevad.justment, and the
input coordinates of stations. Figures 9, 10, and 11vare samples of. the'
actual output for'each of the items mentioned '~ It should be noted that
at the bottom of Flgure 11, there is written 'TEST DISTANCE = 5.00
SECONDS OF ARC'. This one line will differ for the d1fferent types of
runs. The above is written for optical data. With range data in the .
geonietric mode it will be '"TEST VARIANCE = some number'; and for ° -
range OBservations in the orbital mode, it \}villv be a printout of the

coordinates of the center of mass and the uncertainties of these coordinates.

5.2 Output from Geometrical Adjustment.

5.2.1 Qutput of 'thical Observations.

When running fh_e optical adjustment, all events are printed out as ‘
shown in Figure 12. As can be seen, the. iteration number is printed,
then the test distance and then for each of the events, the adjustment
'ihformation This is. .referred to as an event adjustment because it is
truly an adJustment for the satelhte ‘position. There will be a maximum *
of six lines of information for each 2 station event, as is illustrated in h

Figure 12.
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The first output line for each event is the number of the event. This
numbering starts at 1 for the first event and continues on. The second *
liné is the observational data frbm the first station in the event, plus
the residual in seconds after the adjustment for the satellite position.

‘ Referrihg again to Figure 12, event 1, line 1, the information as one

reads across the line is:

9007 Station Number.

9 20 27.8855 = 9"20"2728855 UT1
9 Aug 65 Date

17"3" 15°9510 Right Ascension’

17 3 15.9510

-4 51 32.9900 -4°51'32!'9900 Declination
2,00 ~ Standard deviation in right ascension,
multiplied by the cosine of the declination,

in seconds of arc.

2.00 - Standard deviation in declination, in seconds
of arc.
0.00 _ Covariance between acosé and &, in seconds

of arc, squared. _ .
0.4 The residual, in seconds of arc, after the ad-

justment for the satellite position.

There will be one line of information for each observation. The
information printed on lines 4 and 5 of event 1 give the satellite position
in XYZ coordinates plus the geodetic coordinates ¢, A, h of the satell}te'.
Either, or both, or neithei‘ of these two .lines can be printed if the
analyst so desires. This output is controlled by the value u.sed for
PCODE (11) (see Table 1).

The last line of each'évent gives a term referred to as GQI, and the
RMS misclosure in meters. The term GQI stands. for Geometric Quality

Index, and is just the determinant of the matrix of normal equations used
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in the event adjustment dividéd by the number of stations in the adjustment.
It is us.ed to give an idea of the conditioning of the matrix of normal
equations; the smaller the GQI, the better the conditioning.

The events listed in Figure 12 are excellent examples of good data.
_ However, not all data is good, and several examples of this are shown
in Figure 13. As was mentioned earlier in this report, the optical' pro-
gram can reject observations and still give a satisfactory adjustment‘g
provided that after all rejéctions there are still good observations from
at least two stations. In Figure 13, events _2279 and 2280 each have one
observation rejected, which is denoted by the * printed at the end of the
printed line. In both cases, the other two observaj:ions were good and
the ‘events were acceptable. At the bottom of Figure 13, events 2310 and
2311 were deleted due to insufficient number of good observations, which
is the meaning of KODE = 2. If KODE = 3, it méan_s that the deletion

was due to insufficient geometrical separation between observations.

5.2,2 OQutput of Range Observations, Geometric Mode.

The output for the range observations, geometric mode, is almost'
identical in format to that of the optical observational data described
eaflier._ A sample output is shown in Figure 14. The minimum number
of stations required is 4. The adjustment for the satellite position is a
least squares adjustment that iterates until convergence (maximum of- 20
iterations). Referring to rth'.e second line of évent 2, Figure 14, the

information as one reads across the line is:

5401 Station Number.

66 July 3 _ - Déte' (Notice that the order of the yvear and the
V A ‘ A day are the 'reversg of the optical printout. )
131 43.9990 1"3174329990 time

2164169. 973 Range, in meters. |

3.20 ‘Standard deviation of the range measurement.

-1.12 " The residual, in meters, of the .range obser-

~ vation after the adjustment for the satellite position.
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For the two events givex;_ in Figure 14, notice that PCODE (11) must have
been zero (0) because of the fact that no satellite positions are printed.
The last line of each event gives the variance of the event adjustment

0o (0o = V'PV/d.o.f.),' in meters squared. Also, the nuhiber of iterations

of the least squares adjustment is given.

5.2.3 Output Common to All Geometric Adjustments.

After the events are printed in either the range or optical géometric
adjustments, there are duite a few options, and all df these options are
controlled by the PCODES. The basic options of course are; do you want
to form normal equations? If you do form ‘normal equations, _do you want
to perform a solution? Then there are the secondary options; do you
want to print the normals? Do you want to'punch the normals? Do you
want to simulate the guide matrix? Do you want to perform a summary
by observed lines? There are also several solution codes that are
controlled by PCODE (16) thru PCODE (20). The analyst would be well
advised to reread Tablell to see just how all these options are iniﬁated,

If there are no normal equations formed and no solution to be per-
formed, the words 'NORMAL TERMINATION' are printed and the program
stops. If normal equations are lforr'ned, and if a solution is to be per-
formed, the first set of information that is printed is the analysis of
misclosures by station and a summary of information as shown in Figure
15. It should be noted that these are the valués prior to the addition of
the constraints. ' '

If PCODE.(6) = 1, the guide matrix is printed. “This is just a matrix
to show at a glance what stations co-observed, and the arrangement
of the matrix of normal equations. Figure 16 is a sample guide n&atrix. |
The number 999 printed at the end of each line in Figure 16 is just an
indication of the- end of a row. When the normal equations are generated in

the computer, the number 999 is used to indicate the end of a row.
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GUIDE MATRIX

5401
5402
54053
5404
5405
5406
5407
5408
5410
5411

5401 5402
5402 5403
5403 5404
5404 5405
5405 54006
5406 5407
5407 5408
5408 5410
5410 5411
5411 999

5403 5404 999
5404 5405 5406 5407 S99
5405 5406 5407 5408 5410 5411 999
5406 5407 999
5407 999
5408 999
5410 5411 999
5411 999
969 '
Figure 16.

If PCODE (7) = 1, the normal equations are printed. The description

of the normal equations was described in Section 3.2.3. The printout

would be in the format as shown in Figure 6.

If the inner adjustment constraints are used, the computer will print

out one or more of the following messages:

"THE ORIGIN OF THE COORDINATE SYSTEM IS DEFINED BY
INNER ADJUSTMENT PROCEDURE, "

"ORIENTATION OF THE COORDINATE SYSTEM DEFINED BY
INNER ADJUSTMENT PROCEDURE."

"SCALE OF THE COORDINATE SYSTEM DEFINED BY INNER
ADJUSTMENT PROCEDURE, "

Another option available is the summary by observed lines, which can

be had by setting PCODE (8) = 1.

This is just a summation of the actual

number of observations made by every two station combination in the

network.

Figure 17 is a sample listing.

If a solution is to be performed, a set of constraints must be

included in the data deck as described in Section 4. When the constraints

are included, they are printed out after the summary of observed lines.

Figure 18 is a sample of a partial listing. It is just a printout of the
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original constraints, but with enough printed titles and labels to make the
printed output easily understood by anyone.
The description of the results after adjustment will be deferred until

Section 5.4.

5.3 Output from Orbital Adjustment, Range Data.

, The output from an orbital adjustment differs in every respect from
the geometric adjustment, except for the final parameter output for each

station. This is necessary because in essence each event of a geometric
adjustment corresponds to one pass of orbital information, andv naturally

orbital passes contain many more observations, etc.

The first gfoup of output common to ail orbital adjustments is the
input information itself as shown in Figure 19. This information is
printed for every pass in the data deck.

‘The second group of output data is the results of the adjustment
of each pass for the first itei'ation (see Figure 20). Notice th:at the
orbital elements printed at the beginning of each pass are the ;Appakrent
Celestial Cartesian Coordinates. Regardless of the original set of orbital
elements, the program converts to this system for the adjustment. If
~ the original orbital elements are very close to the actual elements, the
resulting misclosures will be very small. However, the usua'l case.is
that the approximate orbital elements will cause fairly large niisclosures
(Figure 20 is a typical example). However, if the observations are good,
the second iteration will have very small residuals.

A good point to keep in mind when examiningAthis particular portion
of the printout is that the program has no way of rejecting bad observations
in a pass, and even if an entire pass is bad, the program cannot reject
it. It is up to the analyst to examine the misclosures for each obser-
vation as well as the RMS misclosures for the pass, and to physically

remove from the data deck observations which are bad, or even entire
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TROTATICN RATE
C.T7262115147C-04

C.4CT155310 07
g.58180R0°°0 04

Lo4CTEEE21D €T
C.58180899C 04

.2 PASS 2
~C.H583952160 07 Y= DL, 223766450 07 1=
XDOT= CL17S10145D €4 YBCT= G.3%¢1ad18 C4 x0(C1=
EPCCH= 0.402493990 €S )
CVALUES ST1GRED CN LNIT 3
LXE L =C EBAGH2IGE NT Ve =D L228TCHA5C. 07 2= .
XDOY= C.17SI1CH450 C4 YOUT= 0, 356146190 (4 XO(T=
EPCCH= 0.40249399D 05 2€  JAK €<
CAST= 0.,472008960C 0O
L STATICN CATE. . . TI*EAUT) _ . CRSEPVED PRANGE.
4CE2  Z8 JAN 6S S 34 21.7000 2505094, C4
4082 28 JMN 69 9 WM 41,6847 2HEEC1S.EL
4C6Y 28 JAN 69 9 34 16 .2000 2R A23 L GR
L4061 28 JAN 66 € 24 2f,164¢C 245C475.17
40061 28 JAN 69 9 24 R6.,200C ZEFLIC;.52
C4B60 2B JAN £S5 € 35 19.34793 1918028462
4860 28 JAN €S ¢ 2y 36,176) LEI2374. T4
4860 .28 JAN 69 9 25 59,3791 1824137,5¢
40R2 2R JAN €S € 45 1.,3000 2478700,29
4082 20 JAN b9 @ 35 21,76SF Z4TE82¢. €T
4097 28 JAK 69 9 A5 a4l Toug 24120»““?
L6CEL .28 JAM £S ... ¢.325 . 16.166G . >~ )
4061 28 AR H9 g 25 36,2007 w06.26
4C6T 2% JAN 6©. S 35 57 ZIEACIS, IC
4860 ZB JAN ¢ < g L 3470758, 2¢
L4860 78 JAN 02//////DV < LBG2  3C1I24¢.30.
486C 7% JAN ~ . 3l.1€60€ 2127672.84
4) S1.19R7 3235424 .59
o . S 42 16,3766 204€7C7, 5]
4BED  en JAN KO Q9 4D 39,3767 2742940,17
486C 28 JAN ESG < 42 59,3759 28412R0.66
ce 4082 28 JAN.OHY .9 42 1,80CC. _ AEECELE, ¢
4082 28 JAN 6S 9 42 21.3000 3651757.54
476C. 28 JAN €S S 42 1l.)18ps 335176%,64
4760 28 JAN 59 9 42 21.1€717 46476687
.- 4760 2B JAN €S L€ 642 51,1876 . _3%7TR3R0.17
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BEGIN ITERATION 1

2 PASS 2 EPOCH= 28 JAN 69 S 33M 56.0000S UT=MJD . 40249.398564815

CURRENT ORBIT ELEMENTS IN APPARENT SIDEREAL CARTESIAN COORDINATES

POSITIONIMETERS) ~-5836521.600 =3287664.500 4071553.100
VELOCITY(METERS/SEC) 1791.014500 3591.491500 5818.089900
STATICON DATE TIME(UT) CORRECTED RANGE UNCERTA INTY MISCLOSURE

4082 28 JAN 69 9 34 21.7000 2505094.64 2.00 -45,68
4082 28 JAN 69 9 24 41,6998 2488615 .81 2.00 ~-53.92
4061 28 JAN 69 9 34 16.2000 2381823.98 2.00 -109.62
4061 28 JAN 69 9 34 36.1998 2480479.17 2.00 ~113.,16
4082 28 JAN 69 9 42 21.8000 3651357.5¢4 ) 2.00 ~-169.74
4760 28 JAN 69 9 47z 11.1885 2351769.98 2.00 -282.+517
4760 28 JAN 69 9 42 31.1877 3464788452 2.00 ~-282.17
4760 28 JAN 69 9 47 51.1876 3578380.17 2.00 -283.08

PARTIAL UNCERTAINTIES OF ORBIT UNKNOWNS-FROM DDN(INV)
0.3462490 01 0.124982D 01 0.831489D 00 0.120211D-01 0.494939D-02 0.2481]16D-02

WEIGHTED SUM OF SQUARES OF MISCLOSURES = 414757,
NUMBER OF OBSERVATIONS = 70 2 fe4se
RMS MISCLOSURE = 76.975

Figure 20.
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passes if the RMS misclosure is high, However, itis best to wait at
least until the second iteration before removing data.

After the listing of a complete iteration, there are sevéral items
printed, these particular items being identical to that of a.geonﬁetric
adjustment, These are the Analysis of Misclosures by stations, guide
matrix, normal equations, observations on each line, constraints, and the
summary by observed lines. Samples of these can be seen in Figures 6,

. 15, 16, 17 and 18. As :':11'VVays, the analyst can repress the printing of some
of these by using the proper PCODE.

After all of the above items have been printed (or repressed, as the
case may be), there is a listing of corrections to orbit and error model
unknowns for each pass (see Figure 21). This is extrememly valuable,
especially aftex/‘ the second iteration, to determine the quality of the orbits.
- This information should be used in conjunction with the listing shown in
Figure 20, where at the bottom are given the uncertainties of thésé
particular orbital elements, |
| After the corrections to orbit and error model unknowns are listed
come the results of the adjustment, which will be described in Section 5. 4.
After that the next iteration begins (if there is a next iteration) and every-

thing is repeated.’

5.4 The Output of Adjusted Coordinated and Related Inforination.

The most important part of any adjustment is the adjusted coordinates

of the parameters and the standard deviations of these adjusted coordinates.
The printed output from this program gives all this information and more
for each station in the network.

Prior to printing out the 1nformat10n for each station, a short tabulatlon
is given listing degrees of freedom, V'PV o8, and o0p. These values

refer to the situation after the constraints hav_e been added to vthe' normal
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CORRECTIONS TO ORBIT AND ERROR MODEL UNKNOWNS

2 PASS 2 .
CORREC1)ON VECTOR EPOCH= 28 JAN 69 9H 33M 56.0000S UT=MJUD 40249,398564815

-143.67340819 -21.05024861 ~166.81242405 =0.06976902 -0,03690959 -0.04738683

UPDATED ORBIT ELEMENTS IN APPARENT SIDEREAL CARTESIAN®COORDINATES

- 6,288
POSITION(METERS) -5839665.273 3287685.550 4071386,
VELOCITY(METERS/SEC) 1790,.,955731 3591.454590 5818.042513
3 PASS 3
CORRECTION VECTOR EPOCH= 28 JAN 69 11H.23M 56.0000S UT=MJD 40249.474953704

-122.31373575 ~B8.52634812 ~174,57801664 0.00583718 -0.04677484 =0.12510625

UPDATED ORBIT ELEMENTS IN APPARENT SIDEREAL CARTESIAN COORDINATES

POSITION(METERS) -6031421.514 -3762718.626 3248854.522
VELOCITY{METERS/SEC) J111.462937 - 31944186825 6233.512894
.5 PASS 5 .
CORRECTION VECTOR EPOCH= 28 JAN 69 23H 18M 56.0000S UT=MJD 40249.971481481
99.79297248 98.72556723 -193,35861013 0,0214674Q -0.07336664 0.14568621

UPDATED ORBIT ELEMENTS 1IN APPARENT SIDEREAL CARTESIAN COORDINATES
POSITION(METERS) - 4614260.193 5197589.926 3550155.041
VELOCITY(METERS/SEC) . 3545,638267 725.030533 -6111.083214

UPDATED COORDINATES OF THE CENTER OF MASS
-311.854 191.895 -563.219 .

Figure 21.
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equations and the normal equations solved for the corrections to the parameters.
A sample output is shownv in Figure 22.

The oufput of the adjusted coordinates of the parameters is identical for
every type of adjustment, a sample of which is shown in Figure 23. As can
be seen, the results are self-explanatory. The adjusted coordinates and
standard deviations are given in both the Cartesian coordinate system and in
the ¢, A, h system with respect to the datum of adjustment. It should be
mentioned here that the standard deviations are derived from the vériance—
covariance matrix multiplied by the value of o3.

Additional information printed is the direction of eigenvectors and
square roots of eigenvalues of variance-covariance matrix. This may or
may not be useful to the analyst. Another group of information is the
off-diagonal elements of the weight-coefficient matrix as well as the correlation
coefficients.

A printout is made for each station in the network. After all stations
are output, the program will return for another iteration, if there is to be
another iteration. If this is the last iteration, the words 'NORMAL TERMYi—
NATION' will be printed as the last line of output.
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6. ADDITIONAL FEATURES

The first five chapters of this report give the details of using the OSUGOP
program. Although it has not been mentloned it is possible to make changes to
any or all of the subprograms that will not alter the subprograms on the disk.
There have been many occasions where there was a need to modify certam parts
of OSUGOP to perform a special type of adjustment, This is done by including
the source version of the subprograms (with the appropriate changes made) as
part of the deck setup. This requires a cqmpletely different set'.of JCL cards
(see Appendix III), There have been other occasions where additional programs
have been written to perform certain required tasks. These programs are run
ISeparately from OSUGOP, but the output'ca'r'_l be used by OSUGOP,

Although there have been many modifications used, prbbably the nioét impor-
tant is the ability to read more than one set of normal equations .and to perform
an adjustment using all normal equations. Another very real problem is'_:t‘he
ability to input correlated observations, The following is .a brief desc rip't.i'on of

the ways to handle these problems.

6.1 Addition of Normal Equations.

It was mentioned in section 3.2, 3.1 that different systems of normal-equations
can be combined, and a description was given as to how they should be combined.
At OSU there are two different techniques for adding normal equations. .. The_one is
a modification to the subroutine RDSOLN and the other is a separate program,

The modification to RDSOLN is really just the addition of a DO LOOP that
causes the program to keep reading normal equations.  The deck setup is as shown
in Figure 4 except that the degrees of freedom and V'PV, punched normal equ'ations,
and extra 999 card are repeated for each set of normal equatlons At the end of

the last set of normal equatlons the E card is mserted
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3

The separate program that adds normal equations has been called ADDITION.
It adds normal equations together and then prints and punches the combined normal
equations. In addition to this, different weights can be applied to the different sets

of equations,

6.2 Forming Normal Equations Using Correlated Observations,

The OSUGOP program was written to form normal equations from uncor-
related observations. However, the observations from the NOAA BC-4 World-
wide Network are in the form of Greenwich Hour Angle and Declination for up to
seven ficticious images from each camera plate, These observations are the result
of a polynomial fit, and there is a full variance-covariance matrix for all of the
observations, In vorder to use this data, which was recorded on 17 magnetic tapes,
a special program was assembled to read these tapes and form the normal equations,
The normal equations are compatible to those described earlier in this report and
OSUGOP was used to perform the solution from the punched normal equations.

This program is described in [Mueller, et al., in press].
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APPENDIX I

Flow Diagrams
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APPENDIX II
Brief Description of Subprograms



Subprogram Listing

This is a listing of all subroutines and functions -used in the OSUGOP

progrém and a brief de'scription of what is done by each. If the subprogram

is a function, the letter F will appear in pérénthesis after th_ef.name.:

Name
ANRADD (F)
ASD 2360

CLEAR
CONAP

CONAP1
CONAP2

DANG
DEDIT

DELL

DPDOT (F)

~ Purpose

Converts degrees, minutes, seconds into radians,

Processes optical directions. Reads data from

disk, calls for the computation of satellité position,
computes contribution to normal equations and
contribution to VPV,

Fills an array with Floating point zeros,

Processes constraints on, and between, stations.

Reads c_onstrgﬁnt codes, edits for wrong codes,
géHSCONAplamicONAP&

Processes.weighted constraints, adds contribution
to'no'rrynals, V’PV, and do.f.

Processes absolute constraints, adds contribution

to normals, V PV and d.o.f.

Converts radians to degrees, minutes, seconds,
Edits optical data based on preliminary station

positions and deletes bad observations and bad events,

" based on the test distance criteria.

Used to compute AX, AY, AZ.
Also propogates the error from the cartesian
coordinates t6 the Geddetic coordinates.

Takes the dot product of two vectors.
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DRIVER

EXPAND

FOAN
FORMRN

GSTD (F)

KEPEQ
ICEPTCE
KSID2 (F)

KSTAID (F)

MAIN
MATRUP

MJD(F)
ORBIN
~ ORBIT

ORBRN

POLE
PORB
PRENUT
PSOLN
RCONAP

RDSOLN

Acts as the driving program for Orbit integration.

'Expansion of Power Series coefficients, used for

orbital runs,

Forms normal equations for short arc mode processing,

- Forms reduced normals for geometric mode

)

proceésing. .
Computatio_n of Greenwich Sidereal Time

Solves Kepler's Equation '

Converts from Keplerian to Cartesian Orbit Elements,
Stdps the progranll if 'an observation is from a station

not included iﬁ the list of input stations,

Searches table of Station-identifiers for the intefnal _
number of a station. '

This is the driving program. Everything'stalfts

and stops hére. | E

Updates the rﬁatrizar_it with respect to time. Used

for orbital runs.

Computed Modified Julian Day.

Orbit input subroutine.

Orbit ihtegration controller,

Forms reduced 'norrxials for short arc mode

pfdcessing.

Co ndputeé polar motions values x and y,

Prints updéted orbital elements and Error Model Terms.
Cpmputes precession and Nutation.

Prints the solution.

Reads the constraint cards and writes constraint
information on a .disk.

" Reads normal equatibns punched on cards and sets

up storage for a solution.
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RNG 360

RODATA

ROT3
RRDATA

SATXYZ
SOLVE
STAIN
 SWITCH

UPDATE

UVWD
UVWTG
UVWTG2

UVWTGS3

VARIEQ

Processes range measurements. Accepts or

: rejects events based on test variance. Computes

~ contribution to norfnal équations, VPV and d. o.f.

Reads the optical data cards, rotates into terrestrial
coordinate system, puts all data onto a disk.
Performs an Rj rbta@ion to a vector.

Reads Range data input cards, puts all data onto

a disk. |

Computes the satellite position from approximate
statibn coordinates and three or more range

measurements.

-Solves Normal Equatiors and computes inverse.

Reads station coordinates and datum information
from cards. ‘

Switches rows and columns in a matrix.
Evaluates position and velocity at time t+ At,
given the positioh and velocity at time t. Used
for Orbital Solutions.:

Converts geodetic to rectangular coordinates.
.Converts rectangular to geodetic coordinates.
Same as UVWTG. It is located in a different
overlay.' .

Same as UVWTG and UVWTG2. 1t is located in
a different overlay.

Ge'nerates,the power seriesvrequir‘ed to evaluate
the matrix solution of variational equations. Used

for orbital solutions.
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APPENDIX III

JCL .
(Job Control Cards)



JCL

// (10000,1000),CLASS=C
//7STEPYL  EXEC PROC=FORTRANG, TIMZ=(,20)
//CHMPLSYSTIN DD

IMSERT SOURCE SURPROGRAKS HERE

/ b

//STEP2  EXEC PCH=IRYL 4PARM=TYLEAP,LIST,OVLY,,IDY,TIKE=(0,20)
//7RYLIB DD DSH=SCJORZ2MUELLERSDISP=SHP

//7SYSUTY DD UNIT=SYSNALDISP=(MEW,NELETE),SPACE=(CYL,s(2,1))
//SYSLIR DD DSM=SYS1.FORTLIR,NISP=SHR

// DN DSH=SYS2.FORTSSP,NISP=SHR

//SYSPRINT DD SYSOUT=A

J/SYSLMOD DD DSMAME=EGOEATR) 4UMIT=SYSDA,SPACE=(CYL,y(1s14s1)),
// DISP={NEW,PASS)

//SYSLIN DD DSMAME=%4STEP) JCHPJSYSLIM,DISP=(OLD,DELFTE)

// DD P

ALTAS GENMSG

IMCLUDE MYL IR (GFROASG)

OVERLAY ALPHA

INSERT OBSDsiAJDs PREMUT 9 POLE sGSTD 3 STAPLH, DPROTH ANRADD ,UVHTG2
IMSERT RCONAPZKSID? '

INSERT STAINLIVID

OVFERLAY GAMMA

INSERT  RODATA,ASD3A0DENIT,DEDITC
OVERLAY  GAMPMA
TFISERT  RRDATAZRMNGIE0y SATXYZ RAMEED

OVERLAY GAFIA

IMSERT FERNCNIMy NRACNH yNREPAR yNRET Ty EXPAND, VARTEN y UPDATE
INSERT CLEAR

IMSERT NRRIMKEPTCE KEPED,RAT3

TMSERT FOAMyDRIVER ,HATRUIP

NVERLAY ALPHA

THSERT MORHED

OVERLAY BETA

IMSERT DRBRM

OVERLAY BETA
INSERT  FORMRM
OVERLAY BETA
INSERT RDSOLN
OVERLAY RETA

JCL required when a subroutine (or subroutines) is different from that on
the disk. This does not change the subroutines on the disk, but merely
overrides them.
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JCL (Continued)

INSERT
OVERLAY
© INSERT
OVERLAY
INSERT
OVERLAY
IMSERT
OVERLAY
IMSERT
OVERLAY
INSERT
/3% .
//6G0  EXEC
//FTQL1FOOL
/7
//FTO2F001
// ’

//FETO3F00L.

//
//FTO4F001
e '
//ETOEFOQL
//FTOTFOO1
//ETOS5F001

P (M

B]D]
nn
DD

COMAP

DELTA
CONAPL,UVHTG3
DELTA
COMAP?

BETA
SOLVE,SHWITCH
ALPHA

PORR

ALPHA
PSOLNyDAMGyUVHTG 2 DELL yDEIGEN

=% e STEP2SYSLMONy TIME=(04,20),REGIDN=252K

DD UMIT=SYSDA,SPACE=(CYLs{1,1))ysDISP=(NEW,DELETE),
DCB=(LRECL=4004RLKSTIZFE=404,RECFM=VS)

DD UNIT=SYSDASSPACE=(CYLs(142))yNISP=(NFW,DELETE),

NCR=(LRECL=404,RLKSIZF=412,RFCFM=VS)

DD UMNIT=SYSDA,SPACE=(CYLs(1+1))yDISP=(NFW,DELETE),
DCB=(LRFCL=4004RILKSI7F=4044RECFM=VS)

DD UNMIT=SYSDA,SPACE=(CYLy(141)),DISP=(NEW,DELETE),
DCR=(LRECL=400,4RILKSTZF=404,RECFM=VS) -
SYSQUT =A =

SYSNUT =R

INSERT DATA HERE
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/7 (20004200)sCLASS=R

//J0PLIR

DD DSMAME=SCU0R2 JMUELLER,NTISP= QHP,DﬁP”“'Tﬂ'

//G0 EXEC PGHM=NSHGNP,TIME=?

//FTOLF00Y
/!
//FTO2F00L
/7
//FTO3F001

1/

- J/FTOLFO0L
1/

//FTO6F00L
//FTOTFO01
//ETOS5F00Y,

nn
1D

nn UNLT=5YSDA,spﬁCE=(CYL;(1;1)),nISP=(wEH,DELETE),
NCR=(LRECL=400,RLKSIZE=404,RFCFM=VS)

DD UMIT=SYSDAYSPACE=(CYL, (1,1} ), NTISP=(NEW,DELETE),
"DEB=(ILRECL=408,RLKSTZE=412,RFCFM=VS)

DD UNIT=SYSDA,SPACE=(CYL,(1,1))sNISP=(NEH, NELETED,
NCB=(LRECL=400,RLKSIZFE =404, RECFM=VS)

DD UNIT=SYSDASSPACE={CYL,11,1)),DISP=(NEX,DELETE),
DCR=(LRFCL=400,RLKSTZE=404,RECFM=VS)

SYSOUT =A

SYSOUT=P

DN %k

INSERT DATA HERE

JCL required to use the standard program on the disk.
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APPENDIX IV

Fortran IV Program with Subroutines




SO

Nl

cyn

o~ -
[ e e

ACOOONNOODNNONO0ODC OO S

ll

[ur e R S an Y

[ I e

[T e Ra e RS Ee e el e Eaiie]

COLunid

1.

N
.

2y
.

6.
7.
ER

0.

1.

PROJL £ CODE DEFINITIONS

FRANTNG
OVERALL PROBLEM CONE
PCONE(L)=1  HREANS NPTICAL  PRAGRAN
2 IS RAMEE

2 SOLUTIAR AMLY RUM
& WF NERITAL §fODE, MAPTIGAL NRSERVATIONS
5 FREANS ORKITAL MODE, LANMGE ORSERVATIONS

A ESAMS ORRITAL ©NNE, WIXEDR NRSERYATINNS
POONELLY =T APTICAL PROGRATL, GENLETRIC MODE(GEONS FORMAT)
PERFNRE ML

PCOANE(2) =1 YES
(1 HEARS WO

PCONF{))=3 THPLTES PCONE{2) =1
MAXTEIES SBRES N TTRERATIANS?

PCNNE(]) WUST ENNAL 1 ne 2,

PCONE(2) ST ENIAL 1, . *

PCONE(S) MUST ROHAL 1, FOR NeiF NR WARE COMPLETE ITERATIONS
FORM MORMALS?

PROCESSIHG CANES :
1 HEAIS YRS, 0 MEANS MD
SIFULATE GUINE MATKIN?
PRINT MORMALS
ARY BY ORSERVED LTHES?
AALS TN ASH FARGAT?

AR ZE RESWHLTS
PCADF(ID) =0 Ny MAT BRTST SidEALY

=1 PETMT THE OXIS AN STAHROARN DEVIATINONS

=2 PRIMTS THE X,Y,7'S ARD STAMNDARD DEVIATIONS

=2 IMTS THE LATITHDE,LANRTITINE ANMD HEIGHT
=4 PRIVTS ROTH XaYe7 £ AT, LNNG, £ H

PRIWT SATELLITE POSITIN FOP EACK EVENT?
0 FEAMS MO

MEANS PRIFT XYZ A0 CEONETIC CANRDTRATES

MS O PRIMT MY7Z NMLY
2 OAEAMS PRIMT CEODNFTIC COANRNILATES NMLY

THIS PARAGETRER DM TERS MHERE THE STAYNARN DEVIATINNS NF THE
TMDTY DAL (i SEP
PCOBE(12)=0G LEAZS TN REAL THE NRSERVATTANAL STANDARD DEVIATINN
FROw THE CARDR CONTATHIME THE NRSERVATIOM,
PCONE(12)=1 BEAMS T ASSOCTATS A SINAILE STAMDARD NEVIATION WITH
AL NBSERVA S OERGE A GTVER STATINN. o THE STANRARN DEVIATIONS
T RE ASSOCITA HEITH EACH STATINH APE CIVEM IM COLUANS 73-7Q OF
THE CARN LN 6 TRE IMPUT CONENIMATES AF THE STATION,
PCANE{12)=2 ¢ TR RSSOCTATFE & STHELE STANARD DEVIATION WITH
aLL NRSELVAT I THIS MUFKRES TS FEALIMD TN CNLS. 21-30 0OF THE
CARD CRMTATFING THE TEST NISTAMCE (OPTICALY DR TEST VARIANCE

RAMRE)

IN THE CASF OF OPTICAL NISERVARTINMS, THIS MUHSER IS IMTERPRETE
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leRu e RaleiieRel

e

leEoRaReNeReNeleRe Na e e

A0
4
S001

5012

-
C
505

6050

100
200
SO0

1G5

AS THE STAMDARD NEVIAINN OF THE RECLTFMATION AND OF THE RIGHT
ASCEMSINE TIMES THE COSINE OF THE DECLIMATION, AND THE :
COVARTAMCE IS SET TO ZERO, ’
CNADES WRICH APPLY T NERITAL HODE PRNCESSING DMLY .
1o TREAT CONROIMATES NF CENTER OF MASS AS UNKNOWMS? (ORBITAL MODE 653Y!
156 PUNCH HPNATER GRETT ELERENMTS?  (NRBITAL HMOOE OMLY)

SOLUTION CONES

lé. HRITE HOREM
0 K

TRVERSE DURIMG SOLUTION PROCESSIMG?
MOTHTHG
£, PRIMT PIVOT ELFMENTS
2 MEANS ALST PRINT BARMALS AND THVERSE
1S ALST PRINT REARRAMGED MROMALS AND IMVERSE
ADJUSTED STATIOM XYZ AMD VARTANGES FOR IMPUT T RADEKAS!
NATU TRANSFOREAT IOM PROGRAK?
18. PUKCH ADJUSTEN STATION PRSTITINMS?
19 SPUTE ETGEMVECTRRS OF VARTANCE-CNVARTAMCE MATRIX
700 CONPUTE CORRELATICN COEFFICIENTS

MSTA/MSTA

EGE EMDSTG/IHE/ $CNNT T
IMTEGER®?2 PCONE(20)

M/ PCONES/PCINE

& TITLE(1D)

OWTIMUE

HRITE(6y6001)
FARMAT(LIHL,20(/))
PEAD(5450001) TITLECNMTTA
FORMAT(OAR AT 9 41)
TF{CMNTIHGFOLFEMNSTG) 60 TR 5
HRITS(64A012) TITLR &
FORMAT(3OX, 988, 47)

GnoTn 4

COMT ImUE

2 N{5,5050) FCNPE

FORGATIROTL)

WRITE(A46050) PCORE
FORMATO// /710K VPROFLEN CINMEST,10X,2011)
CALL STATD

G=pe
GOTH
CALL KODA
GNOTN 105
CRLL RRDBATA
GO TN 105
CALL ORRIP
GO TN 105
IF(PCODE(2).E001 ) CALL RCNMAP
MITR=PCONE(3)

(1920043 300,400,300,600,100), JCNANE
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(@]

(]

LOTO

110

300

300

600
4
590

4002

NO110 T=1,HTTR

WMRITE(6,6000) |

FRPAATOIHY// /250 VRECTM TTRREATIONM 1,18)

RUM NETICAL

TR(JCINE Er JONE B, 7)Y CALL ASDIAan
- SR P AR PROGEP AR

TR{JCONE (=0, 2) ALY BHERAOG

IF(JCONRGENGE )Y D2l Fhas

IC(PCONE(R)MZ 1) G0 Tiv 250

IE(JCANE L T2 MR L JCHNE =N GTY CALL FRORu

IE(JCINE JGT X, AMD INNNE LT T7) CALLL Dpifi

ASSTIRM 1100 TN AR

TN RO

CNT FTiiti=

CALL RCONAP
CALL ROSMLK
ASSTGIHBOO TO JRTH

GNTOA00

COMT IRGE

CALL CORaP

CALL SULVE
IF(ICODE BT R AN JCIDF LT 7)) CALL PRRR
CALL PSNLR

GO T JRTR (1 10,590)

COMT FalE

CORT I E

COnT IivlE

WRITR{A,6002)

FORMATL//VONCREAL TERETNMATIOWY/)HT)
STrip

EMD
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10

DOUBLE PRECISION FUNCTION DPDOTIX:Y4N)
DOUBLE PRECISION X(N},Y(N)

oPDOT=0.0

DO 10 I=1,N

DPDOT=DPDOT+X{ 1) %Y (1)

RETURN

END
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SUBROUTINE FORMRN

IMPLICIT REAL*8(A-H,0-2)
COMMON/NSTA/NSTA

INTEGER*2 PCODE(20)
COMMON/PCODES/PCODE .
COMMON/WPH/HPH 4 XPUy IDEGFs IFSTA

DIMENSION DDN(343)4DDK(3),L113),L2(3),BNDONI(343),TN(3,3),TK(3)

INTEGER*2 L,LSOLVE

INTEGER CONTIN,ENDSIG/1HE/
COMMON/STAORD/KORDER{150)

COMMON /NORMEQ/REDN(3,3,820) yU{3,40)4L(820),LSOLVE
DIMENSION BN(343,40),LG{40)

C FORM REDUCED NORMAL EQUATIONS FOR UP TO 40 STATIONS

a0

C
c

2 XsXsksXaXslakainiaXakakaXals

DIMENS ION KSTATE (40)
LOCIK)={K*{K+1)) /2

MAXSTA=40

IF(NSTA.GT.MAXSTA) GO TO 901

THE REDUCED NORMAL EQUATIONS ARE STORED AS 3 X 3 BLCCKS IN THE ARRAY REDN.
ONLY THE UPPER TRIANGULAR PART OF THE REDUCED NORMAL EQUATIONS

L
L=
L=

99
100

ST

108
110

R

150

THE BLOCKS OF THE REDUCED NORMAL EQUATIONS ARE NUMBERED
ACCORDING TO THE FOLLOWING SCHEME:

1. 2 ‘4 7 11
’ 3 5 8 12
6 9 13
10 14

15 ET CETERA

820) IS THE GUIDE MATRIX

1 SIGNIFIES A NON ZERO BLOCK
O SIGNIFIES A ZERO BLOCK
IB=LOC(NSTA)

00 100 JB=1,18

DO 99 .I=1,3

DO 99 J=1,3

REDN(1+J+JB)=0.0

L(JB)=0 ‘

BACKSPACE 2

READ(2) (C(BN(IsJyKSTAYI=193)yU(J,KSTA),J=1,3),
XKSTA=14NSTA)

REWIND 2

ASH DIAGONAL BLOCKS

DO 110 KSTA=1,NSTA

I8 =LOC(KSTA)}

DO 108 1I=1,3 '
DO 108 J=143

REDN(I yJ+IB)=BN(I+JsKSTA)

CONTINUE

FOEGF=IDEGF
IF(PCODE(9) «EQel) WRITE(7,7010) FDEGF,WPW

7010 FORMAT{16X,2F16.6)

EAD BLOCKS FROM EACH EVENT AND REDUCE NORMAL EQUATIONS

READ(2) NSTE'DDN'DDK'(((BN(l'JvlS’II=113)|J=1'3,'
_85_
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o000 00

OO0 o0 O O

IKSTATE(IS) 41S=14NSTE),CONTIN

DO 180 IS=1,4NSTE
ISTA=KSTATE(IS)
IB=ISTA
CALL DGMPRD(BN(1,41,1S),DDN,BNDDNI,3,3,3)
CALL DGMPRD(BNDDNI+DDKyTKy3,43,1)
D0 155 I=1,3
155 U(I,ISTA)=U(I,ISTA)}-TK(])
DO 180 JS=14NSTE
JSTA=KSTATE(JS)
JB=JSTA
SKIP IF (ISTA.GT.JSTA), SINCE ONLY THE UPPER TRIANGULAR PART OF THE
REDUCED NORMAL EQUATIONS IS BEING COMPUTED AND SAVED.
IF{ISTA.GT.JSTA) GO TO 180
(IB,JB) GIVES THE ROW AND COLUMN NUMBER OF THE BLOCK IN THE REDUCED
NORMAL EQUATIONS CURRENTLY BEING PROCESSED.

SET INDICATOR
NB=LOC (4B-1)
NB=IB+NB
LINB)=L(NB)+1
PERFORM REDUCTION
CALL DGMPRD(BNDDNI¢BN(1,15JS)yTNy3,43,3)
DO 130 I=1,3
DO 130 J=1+3
130 REDN(I »JyNB)=REON(TI,JoNB)-TN(I,J)
180 CONTINUE
IF END OF DATA, GO OUT OF LOOP
IF({CONTIN.EQ.ENDSIG) GO TO 400
IF NOT, RETURN TO PROCESS ANOTHER EVEN
G0 To 150 .

ENTER HERE WHEN ALL EVENTS HAVE BEEN PROCESSED.
400 CONTINUE

STMULATE KRAKIWSKI*S GUIDE MATRIX
IF{PCODE(6) .NE.1) GO TO 441

: WRITE(646001)

6001 FORMAT(1H1,10(/),20Xy*GUIDE MATRIX?)
DO 440 ISTA=1,NSTA
I18=0
LG(1)=1000
DO 435 JSTA=ISTANNSTA
JB=LOC(JSTA-1)+ISTA
IF(L(JB) .EQ.0) GO TO 435
18=18+1 .
LG(IB)=KORDER({JSTA)

435 CONTINUE

18=1B+1
IF(IB.GT.1) LG(IB)=999
439 WRITE(646002) KORDER{ISTA),(LG(I),I=1,1B)
6002 FORMAT(20X,15,5X,1815,200(/30X,1815))
440 CONTINUE
441 CONTINUE
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C PRINT NORMALS IN ASD FORMAT,AND PUNCH IF DESIRED.
WRITE(6,6003)
6003 FORMAT(1HL1/7°® NORMAL EQUATIONS (SEE GUIDE MATRIX)"//)
D0 450 ISTA=1,NSTA
DO 442 1I=1,3
442 DDKI(1)==Ul1l,1STA)
I8=0 P
JB=LOC(ISTA)
IF(L(JB).GT.0) IB=1
Cc PUNCH NORMALS
IF(PCODE(9).NE.1) GO TO 443
WRITE(T7,7001) KORDER(ISTA)
7001 FORMAT(1415)
WRITE(7,7006) ODK
7006 FORMAT(3({F16.10,5X))
WRITE(T,7008) ((REDN(I4JyJdB)yJ=1,y3)y[=1,3)
7008 FORMAT(3F16.10/3F16.10/3F16.10)
(o
443 CONTINUE
(ol PRINT DIAGONAL BLOCK
IF(PCODE(7) .NE.1) GO TO 444
WRITE(6,6004) KORDER{ISTA)
6004 FORMAT(//15)
WRITE(6,6006) DDK
6006 FORMAT(/3(F16.10,5X))
WRITE(6,6008) ((REDN(I3JyJB)yJd=143),1I=1,3)
6008 FORMAT(3F16.10)
444 CONTINUE .
c PRINT OFF-~DIAGONAL BLOCKS
KSTA=ISTA+1
IF(ISTALEQ.NSTA) GO TO 448
DO 445 JSTA=KSTANSTA
JB=LOC(JSTA=1)+1ISTA
IF(L(JB).EQ.O0) GO TO 445
I18=1IB+1
IF(PCODE(9).NE.1) GO TO 7445
WRITE(7,7001) KORDER{JSTA)
WRITE(7,7008) ((REDN(IyJyJdB)yJ=143)y1=1,3)
T445 CONTINUE
IF(PCODE(T).NE.1) GO TO 445
WRITE(656004) KORDER(JSTA)
WRITE(646008) ((REDN(IoJyJB)yJ=153)yI=1,3)
445 CONTINUE
448 1=1000
IF(1B8.GT.0) I=999
IF(PCODE(T) «EQ.1) WRITE(6,6004) 1
I1F(PCODE(9).EQ.1) WRITE(7,7001) I
450 CONTINUE
IF(PCODE(B) .NE.1) GO TO 478
WRITE(6,6010)
6010 FORMAT(10(/) 20Xy *OBSERVATIONS ON EACH LINE")})
18=NSTA-1
DO 475 ISTA=1,I18
KSTA=ISTA+1
DO 475 JSTA=KSTASNSTA
WRITE(656011) KORDER{ISTA) JKORDER{JSTA) yL(LOCIJISTA=1)+1ISTA)
6011 FORMAT(8I10)
475 CONTINUE
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478 CONTINUE
RETURN

901 CONTINUE
WRITE(6,9001) MAXSTA,NSTA

9001 FORMAT({® FORMRN IS PRESENTLY DIMENSIONED TO HANDLE ONLY?®,I5,
1 UNKNOWN STATIONS.*/20X,* THIS PROBLEM HAS®+I5+* UNKNOWN STATI
2IONS.* /10X, *EXECUTION IS TERMINATED BY PROGRAM.')
SToP
END
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SUBROUTINE RDSOLN
THIS SUBROUTINE READS THE NORMAL EQUATION FROM CARDS AND SETS UP
STORAGE FOR A SOLUTION,SIMULATING STORAGE AFTER EXECUTION OF FORMRN.
THIS SUBROUTINE 1S CALLED ONLY FOR A SOLUTION-ONLY RUN.
THE INPUT 1S COMPATABLE WITH KRAKIWSKI'S SOLUTION PROGRAM.
THE STATION COORDINATES MUST BE INITIALIZED BY CALLING STAIN.
IMPLICIT REAL*8(A-H,0-2)
INTEGER*2 L,LSOLVE
INTEGER ENDSIG/1HE/,CONTIN
COMMON /NSTA/NSTA/STAGRD/KORDER(150) /WP W/WPH , XPU, IDEGF 4 IFSTA
COMMON /NORMEQ/REDN({3,3,820)4U(3,40),L(820)+LSOLVE
INTEGER*2 PCODE(20)
COMMON /PCODES/PCODE
LOC(K)=(K*(K+1))}/2

[aEaNaNaXel

NB=LOC (NSTA)
DO 10 IB=1,N8B
L({1B)=0
DO 10 I=1,3
DO 10 J=1,3
10 REDN{1,4,18)=0.0
DO 12 IB=1,NSTA
0O 12 I=1,3
12 Uti,18)=0.0
C
READ(5,5001) VUW,FDEGF,WPW
5001 FORMAT(3D16.8)
IDEGF=FDEGF
c
€ READ NORMALS AND STORE
100 READ(5,5002) 1D,CONTIN
5002 FORMAT(I5,74X,A1)
IF(1D.EQ.999) CONTIN=ENDSIG
IF(CONTIN.EQ.ENDSIG) GO TO 600
ISTA=KSTAIDI(1D)
IF(ISTA.LE.O) GO TO 900
C READ CONSTANT COLUMN
READ(5,5003) (U(I,ISTA),I=1,3)
C SWITCH SIGN
DO 110 I=1,3
110 U1 ,ISTA)==U(I+ISTA)
C READ DIAGONAL BLOCK
NB=LOC(ISTA)
READ(5¢5004) ((REDN{IsJeNB)9J=193),1=1,3)
5003 FORMAT(3(D16.8+5X))
5004 FORMAT(3D16.8)
Li{NB)=1
c
C READ OFF-DIAGONAL BLOCK
150 READ(5,5002) 1D
1F(ID.EQ.999) GO TO 100
JSTA=KSTAID(ID)
IF(JSTA.LE.O) GO TO 900
C SWITCH SUBSCRIPTS IF NECESSARY SO THAT STORAGE IS MADE IN UPPER TRI1ANGULAR P
C PART OF REDUCED NORMAL EQUATIONS.
IF(JSTA.GE.ISTA) GO TO 160
NB=LOC(ISTA-1}+JSTA
READ(5,5004) ((REDN(JyI4NB)yJ=1,3),1=1,3)
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GO T0 170
160 CONTINUE
NB=LOC({JSTA-1)+]ISTA
READ(5:5004) ((REDN{(14JyNB)¢J=143),1=1,3)
170 CONTINUE
6001 FORMAT(3]15)
LiINB)=1
GO TO 150
C
900 WRITE(6,6000) 1D
6000 FORMAT(°0STATION NUMBER NOT FOUND IN INPUT LIST',16,' PROGRAM STOP
1S.*)
sSTOP
C
600 CONTINUE
IF(PCODE(7).EQ.0) GO TO 620
WRITE(6,6003)
6003 FORMAT{(///T30,°NORMAL EQUATIONS")
DO 615 ISTA=1,NSTA
WRITE(6,6002) KORDER(ISTA),ISTA
6002 FORMAT(///3110)
WRITE(6:6004) (U{I,ISTA),I1=1,3)
DO 615 JSTA=ISTA,NSTA
NB8=LOC(JSTA-1)+ISTA
WRITE(6,6002) KORDER(ISTA),KORDER({JSTA) 4NB
WRITE(6,6004) ((REDN(1,JyNB)yJ=1,3),1=1,3)
6004 FORMAT(3F16.10)
615 CONTINUE
620 CONTINUE
RETURN
END
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SUBROUTINE STAIN
IMPLICIT REAL*8(A-H,0-2)
INTEGER*2 PCODE(20)
COMMON/PCODES/PCODE
INTEGER ENDSIG/1HE/,CONTIN
COMMON/NSTA/NSTA _
COMMON/ST AORD/KORDER {150 )
INTEGER STANAM, I1DS%2 .
INTEGER®2 PLUS/1H+/
INTEGER*2 !SGNP,IPHID.IPH!H,LONGD.LONGM,lSGNL
COMMON/STALOC/STAUVW(3,150) 4DATPRM(2,15) ;DATNAM(4415) 4
1STANAM(5,150),10S(150)
DIMENSION UNCE(3)
c UNCE FOR THE MOMENT IS A DUMMY ARRAY
COMMON/STAPLH/STAPLH(2,150)
COMMON /0BSD/0BSD(150) ,OVOBSD
MAXSTA=150
WRITE(6,6000)
6000 FORMAT(1H1)
6001 FORMAT(1H1,20(7))
WR1TE(6,6002)
6002 FORMAT(/////4X,29HDATUNS INVOLVED IN ADJUSTMENT,//)
C INPUT DATUMS
10 READ(5,5002) IDD,AE,BE,CONTIN
5002 FORMAT{(12,2F12.3453XsA1)
IF(CONTIN.EQ.ENDSIG) GO TO 30
DATPRM(1,1DD)=AE
DATPRM(2, 1DD) =BE
READ(5,5003) (DATNAM( 1,10D1,1=1,4)
5003 FORMAT(4A8)
WRITE(696003) 1005 (DATNAR(I,IDD),1=1,4)y(DATPRM(I,1DD) y1=1,2)
6003 FORMAT(6HODATUM,13,3X¢4A8 ¢3HA= 4F10.2,12H METERS B= ,F10.2,
17H METERS)
GO TO 10
c
30 CONTINUE
c STATION INPUT
WRITE(6,6005)
6005 FORMAT (1H1///40X,29HINPUT COORDINATES OF STATIONS)
KSTA=0
35 KSTA=KSTA+1
READ(5,5005) IDDs IDTS, (STANAM(I,KSTA) y1=1,5) 4 ISGNP, IPHID, IPHIM, PHIS
1, LONGD yLONGM » FLONGS, HoUNCE yOBSD (KSTA) ; CONTIN
5005 FORMAT(14,1294A49A2,A152(213+FB.4)y F10.293F3.1,F7. 24A1)
IF(CONTIN.EQ.ENDSIG) GO TO 50
PHI=ANRADD( ISGNP 4 IPHID, IPHIM,PHIS)
ISGNL=PLUS
FLONG=ANRADD { I SGNL , LONGD  LONGM, FLONG S)
KORDER (KSTA)=IDD .
10S(KSTA)=IDTS
STAPLH(1,KSTA)=PHI .
STAPLH(2,KSTA)=FLONG
CALL UVHD(DATPRM(I'IDTS).DATPRH(Z:IDTS).PHI,FLONGoH’STAUVH(I,KSTA)
1,STAUVH(2,KSTA),STAUVW(3,KSTA))
WRITE(6+6006) 10Dy (STANAM(I,KSTA)y1=1,5) 4 1DTS, (DATNAM(I,1DTS) ,1=1,4
1) y ISGNPyIPHIDy IPHIMyPHIS » ISGNL y LONGD oL ONGMy FLONGS o H
6006 FORMAT(1HO 148X s4A4¢A2,10X, 5SHDATUM, [4,4X,4A8/10X20HGECDETIC COOR
IDINATES, 2(6X+Al,213,F8.4) ,F12.4)
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WRITE (646007) (STAUVHIIKSTA),1=1,3)
6007 FORMAT(10X,21HCARTESIAN COORDINATES,3F16.3)

G0 10 35 .

50 CONTINUE
NSTA=KSTA-1
NSTAUN=3#NSTA
REWIND 3
RETURN
END
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c s/

SUBROUTINE ASD360
360 VERSION OF ASD PROGRAM FOR OPTICAL . SATELLITE DIRECTIONS
IMPLICIT REAL*8(A-H,0-2)

INTEGER*2 PCODE(20)

COMMON /PCODES/PCODE

INTEGER*4 ENDSIGIIHE/,CONTIN,DELCOD(Z)IlH +1H*/,ECODE

INTEGER%®2 PLUS/1H+/

INTEGER*2 ISGNP.lPHID.lPHIHyLONGD.LONGM.ISGNL

INTEGER#*2 1D(50) yKEY (50), IHR(50)4yMIN(50), IDAY(50),IYR(50)4IRAH(50)
1, TRAM({50) s ISGND(50),IDECD(50),IDECM(50),IDAT(50,11)

COMMON /DEDITC/ALFS(50) sDEC(50)4U(3,450) +S(3),D(50)4SDC(3,50), EVSUM,
1GASTySTAXYZ({3,50) ,GQI,
2TD,KSTATE(50) , IPASS(50) 4NSTE JNSUSEDLECQDE

COMMON/NSTA/NSTA

INTEGER STANAM, 1DS#*2 .

OIMENSION MONTH(50).

COMMON/STALOC/STAUVH(3,150), DATPRH(Z.IS).OATNAM(4.15,'
1STANAM(5,150),10S(150)

. COMMON /STACRD/KORDER(150)
EQUIVALENCE(lDIl).lDAT(lol))’(KEY(llleAT(ng))9(IHR(l)yIDAT(1.3))

" Lo (MIN(1)oIDAT(Ls4) )y (IDAY(1)+IDAT{1,5))(IYR(1),IDAT(1,6)),y(IRAH(]

c

2) s IDAT{1,7) ), (IRAM(1), IDAT(1,8) ), (ISGND(1)4IDAT(L,9)),(IDECD{1),ID
3AT(1110))Q(IDECH(I)’IDAT(IQII))

DIMENS ION SEC(50),RAS(50)QDECS(50)'VARRA(SO)gVARDEC(50)oC0VRAD(50)
1,DAT(504+6)
EQUIVALENCE(SEC(I)’DAT(lvl,)’(RAS(I),DAT(I'Z))'(DECS(I)pDAT(ly3))'
1(VARRA(1) ¢DAT(1,44) ), (VARDEC(1),DAT(1,5) ),y (COVRAD(1),DAT(1,46))
DIMENSION DN(3,3'150)'BN(393'50)pDDN(3'3)pDK(3’150)9DDK(3)vA(2,3)'
1W(2,2),DL(2) :
DIMENSION PM{3,3),AP(2,3)

DIMENSION L1(3),L2(3),TA(3)

COMMON /WPW/WPR ¢ XPU 4 IDEGF y NFSTA

DIMENSION NOBSTA(150)

REAL*4 VPVSTA(150)

MAXSTE=50

SPR=206264.80625D0

P1=3.14159265358D00

P12=2.0%P1

RPD=180.0/PI

WPHSP=0.0 '

REWIND 2

REWIND 3

READ(3) TD
WRITE(6,6004) TD

6004 FORMAT(IIZOX.'TEST DISTANCE =*,F20.2,"* SECONDS OF ARC')

C START DATA INPUT

70

DO 70 KSTA=1,NSTA
NOBSTA (KSTA)=0
VPVSTA(KSTA)=0.0
D0 70 1=1,3
DK(I,KSTA)=0.0
D0 70 J=1,3
DN(I,J+KSTA)=0.0
CONTINUE

KEVENT=0

EPR=0.0
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210 CONTINUE
READ (3) IEVENT,NSTE,GASTPM,EPR,
1C(IDAT(IS,J) gJd=1511) yMONTH(IS) s (DAT(1S¢d) yJ=1s6) 3 ALFS(IS) +DEC(IS),
2KSTATE(IS) s IS=1oNSTE) 4CONTIN
DO 270 IS=1,NSTE
KSTA=KSTATE(IS)
CALL DGHPRDIPM'STAUVN(I'KSTA)oSTAXYl(lclS)13o311)
270 CONTINUE
WRITE(656008) IEVENT ’ -
6008 FORMAT(/ 1X,*EVENT?,16) I

CALL DEDIT

DO 280 IS=1,NSTE
280 WRITE(6+46010) ID(IS),KEY{IS),IHR(IS) MINCIS),SEC(IS),IDAY(IS),
: IMONTH(IS) s IYR(IS) o IRAH{IS) yIRAM(IS) ,RAS(IS),ISGND(IS) 4 IDECD(IS),
ZlDECM([5)9DECS(lS),VARRA(lS),VARDEC(lS),CUVRADlIS)|D(IS)'
3DELCOD(IPASS(IS))
6010 FORMAT(174A1 4213 9F9.5¢3X91[3¢A3912¢2134F8e4%93X9Als129139F8e4%
15X93F6.23F10.192X,Al1)
C .
IFIECODE.GT.1) GO TO 630
IF(PCODE(11)) 610,630,610
610 IF(PCODE(11)-3) 611,612,611
611 WRITE(6,6024) S
6024 FORMAT(* SATELLITE POSITION',3F15.3)
IF(PCODE(11)-2) 612,6304612
612 IDTS=IDS(KSTATE(1))
CALL UVWTG2(S, DATPRH(IOIDTS).PHI FLAH H)
PHI=PHI*RPD
FLAM=FLAM*RPD
WRITE(696023) PHISZFLAMyH
6023 FORMAT(® GEDD. COBRD. OF SAtELLITE',ZFl‘ 69Fl4.1)
630 CONTINUE
WRITE(656012) GQI )
6012 FORMAT(10X,*'GQI=*,F10.5)
. IF(ECODE.GT.1) GQ TO 290
IF(NSUSED.EQ.0) GO TO 290
RHSHC-DSQRT(EVSUM/DFLOAT(NSUSED,)
WRITE(6,6011) RMSMC
6011 FORMAT {1H+,27X, 'RMS - MlSCLUSURE IN METERS=",F10.1)
G0 TO 300 '
290 WRITE(656015) ECODE
6015 FURMAT(IH*,Z?X"ENTIRE EVENT DELETED, KODEx=?,14)

GO TO 600
C : . ’ )
Cc SET UP OBSERVATION EQUATIONS FOR THIS EVENT AND COMPUTE CONTRIBUTOONS
C TO THE NORMAL EQUATIONS

300 CONTINUE
IF(ECODE.GT.1) GO TO 600
KEVENT=KEVENT+1
DO 310 I=1,3
DDK{1)=0.0
. DO 310 J=1,3
DDON(1,4)=0.0
310 CONTINVE

Js$=0
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DO 390 IS=1,NSTE
IFLIPASS(IS).GT.1) GO TO 390
JS=JS+1

C JS 1S THE COUNTER FOR NON-DELETED STATIONS IN THE EVENT
RSQCSD=SDC(1,IS)**24SDC(24IS)**2
RSQ=RSQCSD+SDC(3,IS5)**2
RCD=DSQRT(RSQCSD)
ASC=DATAN2(SDC(2,1S),SDC(1515))+GAST
DSC=DATAN(SDC(3,IS)/RCD)
DLU1)=ALFS{IS)-ASC
IF(DL(1).GT.PI) DL(1)=DL(1)-PI2
IF(DLIL) LT (~PI)) DL{1)=DL(1)+P12
DL(2)}=DEC{IS)-DSC

C

COMPUTE WEIGHTS
VARRA(IS)=(VARRA(IS)/SPR)**2 .
VARRA(IS)=VARRA(IS)}*RSQ/RSQCSD
VARDEC (IS)=(VARDEC(IS)/SPR}*%*2
COVRAD(IS)=COVRAD(IS)/SPR*%2
DET=VARRA(IS)*VARDEC(IS)-COVRAD(IS)**2
W(1,1)=VARDEC(IS)/DET
W(2,2)=VARRA(IS) /DET
W(192)=—COVRAD(IS)/DET
W(291)=W{1,y2)

C

COMPUTE OBSERVATION EQUATIONS
A(1,1)=~SDC(2,1S)/RSQCSD
Al(142)=+SDC(1,4IS)/RSQCSD
A(113’=0.0
FACTOR=SDC(3,1S) 7/(RSQ*RCD)
Al2,1)}=-SDCt1,IS)*FACTOR
A(2,2)=-SDC(2,TS)*FACTOR
RANGE=DSQRT(RSQ)
A(2,3)=RCD/RSQ
CALL DGMPRD(AyPMyAP4293,43)

6017 FORMAT(1X,7D17.9) °

C
KSTA=KSTATE(IS) ‘ A
C ELIMINATE DELETED STATIONS FROM THE LIST OF STATIONS INVOLVED IN
c THE EVENT.
KSTATE (JS)=KSTATE(IS)
c .
c

OMPUTE VPV OF MISCLOSURES
VPVT0=0.0. .
0ag 315 I1=1,2
DO 315 JJ=1,2
315 VPVTO=DL{II)*W(I1,JJ)*DL(JJ)+VPVTO
NOBSTA(KSTA)=NOBSTA(KSTA)+2
VPVSTA(KSTA)=VPVSTA(KSTA)+VPVTCQ
COMPUTE CONTRIBUTION TO NORMALS
DO 330 1=1,3 :
DO 325 J=1,3
TERM=0,0
DO 320 113142
DO 220 JJ=1,2 .
320 TERM=TERM+AP(I1,1)2W(11,JJ)*AP(JJ,J)
BN(I,J,JS)=—TERM _
ON(I¢J9KSTA)=ON(1+J,KSTA)+TERM
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DDN(1,J)=DDN(1¢J)+TERM
325 CONTINUE ;

TERM=0.0
DO 328 T1=1,2
" DO 328 JJ=1,2
328 TERM=TERM+APUILIZI)*N(I14J3)}%DLIIJ)
DK{I4KSTA)=DK(I,KSTA)-TERM
ODK(I)=DDK(I)+TERM
330 CONTINUE

390 CONTINUE
C INVERT DDN

DET=1.0
CALL OMINVI(DON,3,DETsL14L2)
CALL DGMPRD(DDKyDDNyTA9193,3)
CALL DGMPRD{TA,DDK,TBy143,1)
WPWSP=WPWSP+TB
NSUSED=JS
WRITVE(2) NSUSED,DDNyDDKy ( ((BN(IyJyJS),y I= 1'3,1J-113)9KSTATE(JS)'
1J5=1sNSUSED) +CONTIN

600 CONTINUE :

Cc
C TEST FOR END OF INPUT
IF{CONTIN.EQ.ENDSIG) GO TO 700

: GO TC 210
c -
(o
c :

700 CONTINUE »
C -
CHECK TO SEE IF END SIGNAL HAS BEEN WRITTEN ON DATA SET FT02

IF(ECODE.EQ.1) GO T0O 710
BACKSPACE 2
C READ AND REWRITE LAST RECORD FROM LAST GOOD EVENT
READ (2) NSUSED,DDNyDDKy ( ((BNII 4J9JdS)eI=143)5J=1¢3)+KSTATE(JS),
1JS=14NSUSED)
BACKSPACE 2
WRITE(2) NSUSED, DDN,DDK.(((BN(IQJ:JS,'I 113)9J—113’1K$TATE(JS)'
1JS=1,NSUSED) s CONTIN E
710 CONTINUE . :
WRITE(2) ((C DNCI,J,KSTA),1=1,3), DK(J'KSYA),J=1’3)0
XKSTA=1,4NSTA)
C “RITE(696018)(KORDER(KSTA)'((DN(I’J’KSTA’IJ 143)¢I=1,3),
(P 1KSTA=1,NSTA)
6018 FORMAT((15/3(3D18.7/)))
WPH=0.0 '
NOBS=0 -
WRITE(6,6019)
6019 FURHAT(IHI.B(/),IOX"ANALYS[S OF MISCLOSURES BY STATION®'//
1T10,*STATION®,T20, *NUMBER OF OBSERVATIONS',T50,*RMS MISCLOSURE®)
DO 750 KSTA=1,NSTA
NOBS=NOBS+NOBSTA(KSTA)
WPW=WPW+VPVYSTA(KSTA)
RMSMC=0.0 .
IF(NDBSTA(KSTA).GT (1)) RHSHC DSQRT(VPVSTA(KSTA)/DFLUAT(NUBSTA(KSTA)
1))
HRITE(boéOZO) KURDER(KSTA)QNUBSTA(KSTA)pRMSHC
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6020 FORMAT{(T10,174735,17,T50,F14.2)
750 CONTINUE
IDEGF=NOBS—3#KEVENT
RMSMC=DSQRT (WPW/DFLOAT( IDEGF))
WRITE(696021) NOBSyKEVENT » IDEGF yWPWs RMSMC
6021 FORMAT(////10X,*TOTAL NUMBER OF GOOD OBSERVATIONS®',T60,18//
110X, *TOTAL NUMBER OF GOOD EVENTS®,T60,18,//
210X, "CORRESPONDING DEGREES OF FREEDOM®,T60,18//
310X, *TOTAL SUM OF SQUARES OF MISCLOSURES®,T¥60,F11.2//
410X o "CORRESPONDING STANDARD. DEVIATION OF UNIT WEIGHT®,T60,F11.2)
WPW=WPH—WPWSP
WRITE(646022) WPW ,
6022 FORMAT(1HO,9X,*WPW INCLUDING CONTRIBUTION FROM SATELLITE POSITION®
1/15X,* (1.Eey VPV4UX)*,T60,F11.2)
RETURN
END
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SUBROUTINE EXPAND (XPOjyYPO,ZPOyCNMySNM,LCTo1CT JUMT,VMT,CTB,CTT
1,ERDyXMUy ALF yOMG y ECCoNTE yKTR, KDR.NHT,CDC.CTH.KEY.DHT.KRG,CHC)
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION LT(5),KT(5)
DIMENSION XPO(1),YPO(1),ZPO(1),CNM(1),SNM(1)
1y LCT(1),ICT(1),UMT(1),VMTI1),CTB(1),CTT(1)
DIMENSION DMT(1)
'DIMENSION CMC(3)
COMMON INTERNAL WORKING ARRAYS
DIMENS ION
1 XTL(8),CLB(8),CLT(8),RPT(8) RMO(8) ,RZR(8),VRB(8),
2 YTL(8),SLB(8),SLT(8)4RMT(8),RMR(8)
 COMMON  /ORBCOM/
1CSQ(8) $SSQ(8) 3SCS(8) yBXB(8) 4BYB(8) ,B2B(8),XVR(8) ,YVR(8),ZVR(8),
2 QAV(8),QBV(8),QCV(8)AMT(72) ,FEE(72) ,CGB(8) »SGB(8)
"EQUIVALENCE
1 (CLB(1),CSQ(1)),(CLT(1) yXVR(1)),(RPT(1),BXB(1)),(RZR(1),QAV(1))
2,(SLB(1),SSQ(1)) 4 (SLT(1)4YVR(1)),(RMT(1),B8YB(1)),(RMR(1),QBV(1))
3, (XTLO1),SCS(1))5(YTLCI),ZVR1) ), (RMO(1),BZB(1)),(VRB(1),QCV(1})
COMMON DATA BLOCK END
EQUIVALENCE (LAsLT(1))o(LBsLT(2))o(LCoLT(3))y(Ko,LT(4))s(LsLT(5))
EQUIVALENCE (KA¢KT(1)) 9(KByKT(2))(KCoKT(3)) »(MsKT(4))y(NyKT(5))

CGB(1)=DCOS(ALF)
SGB{(1)=DSIN(ALF)

- CLBU1)=XPO(1)*CGB(1)+YPO(1)*SGB(1)
SLB(1)=YPO(1)*CGB(1)=XPO(1)*SGB(1)
RPT(I)‘XPO(I)*XPO(l)*YPO(1)*YPO(1)*ZPO(1)*ZPU(l)
RMT(1)=1.0/RPT(1)

RMO(1)=DSQRT(RMT{1))
CLT(1)=ERD*RMT(1)*CLB(1)
SLY(1)=ERD*RMT(1)%SLB(1)
RZR{1) =ERD*RMT (1} *2ZP0(1)
RMR (1) =ERD*ERD*RMT(1)
DRX=0.0
DRY=0.0
DRZ=0,.0
NG =0
1TR=3
KA=1 ’
IF (KEY-2) 10, 10.490
COMPUTE CTB,CTT ARRAYS TC MATCH TABLE ALLOCATION
10 CONTINUE
COMPUTATION OF CTB AND CTT ARRAYS MOVED TO DATA STATEMENT IN DRBIT
GO 'TO (604150) ,KEY
- COMPUTE ICT TABLE ENTRIES AND TOTAL ARRAY LENGTH
60 CONTINUE
KEY=3
NET=1
KTR=10
LNTH=1
LA=LCT(2)
LB8=LCT(1)
LC=LA
NA=NTE+]
DO 130 I=1sNA
KA=LA-1
KB=LB
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120
130

150

160
170

180
190

200

210

220
230

260

270
280

KC=LC+1

-IF (KB—XKA) T70,80,80

KB=KA

IF (LC) 110.110,90

IF (KB—KC) 100,110,110
KB=KC

LNTH=LNTH+KB+1
ICT(I)=LNTH

LA=LB

LB=LC

LC=LCT(1+2)

IF (I-NTE) 130,120,120
LC=0

CONTINUE

LNTH=LNTH~-1

KA=1

GO TO 490

CONTINUE

KEY=3

NET=2

LNTH=1

DO 160 1I=1,3
LT(I+2)=LCT(1)

1F (NTE-2)170,180,190
K=0

L=0

LB=K

LA=L

NA=NTE+2

DO 280 J=1,NA

DO 210 1=1,5

KT(I})=0

IF (LT(1))210,210,200
KT(I)=LT(1)+]1-2
CONTINUE

KK=0

DO 230 1I=1,5

IF (KK=KT(I))220,2304230
KK=KT(I)

CONTINUE
UNTH=LNTH+KK+1
ICT(J)=LNTH

DO 260 I=l.4%
LT(I)=LT(I+1)
L=LCT(J+3)

N=J~NTE+2

IF (N)280,270,270

L=0

CONTINUE

LNTH=LNTH-1

KA=1

G0 TO 490

BEGIN THE ITERATIVE INTEGRATION FOR THE SOLUTION.
300 SERIES - COMPUTE X,Y,Z COEFFICIENTS

300

KA=1+(ITR~-3)%LNTH
K8=1

TMA=0.0

TMB=0.0
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310
315

320
325

330

345

350

365

370

375
380

TMC=0.0

TMD = 0.5
KG = 0O

NA = ICT(1)-2
N8 =1

NC = NA+2

DO 380 I=1,NTE
KC = LCT(D)

IF (KC}380,380,310

IF (1-2)330,315,320
NA =1

G0 TO 325

NA = ICT(I-2)

NB = ICT(I-1)

NC = ICT(I)

LA = KA+NA+]

LB = KA+NB

LC = KA+NC-1

DO 375 J=1,KC

TME = CTB(KB)

TMF = TME

IF (KG)345,345,350
TMF = TMD®TME

TME = ~TMF

TMI = J

THI = J+2

TMD = TMO*TMI/TMJ
TME = TME®UMT(LA)
TMF = TMF*VMT(LA)
TMG = UMT(LC)

TMH = VMT(LC)

TMI = CNM(KB)

TMJS = SNM(KB)

TMK = TME-TMG

TML = TMF+TMH

TMM = TMF-TMH

TMN = TME+TMG

TMO = UMT(LB)

TMP = VYMT(LB)

IF (KRG)3T0,370,365
DMT(NG+1) = TMK
DMT(NG+2) = TML
DMT(NG+3) = TMO
DMT(NG+4) = TMM
DMT(NG+S5) = TMN
DMT(NG+6) = TMP

NG = NG+6

TMA = TMA+TMIRTMK+ TMI®TMM
TMB = TMB-TMIXTML+TMJI*THMN
TMC = TMC+CTTIKB)X(TMI*TMO+TMJI*TMP)
LA = LA+l

L8 = LB+l

LC = LC+l

KB = KB+l

CONTINUE

KG =1

T™D = 0.5/€RD
KK=ITR~2
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-390

400

410

XTLIKK )=TMAXTMD

YTL (KK ) =TMB*TMD

TMC=TMC*TMD

TMD=KK#*{KK+1)

KA=KK

TMA=DRX

TMB=DRY

TMC=TMC+DRZ

DO 390 I=1,KK

TME=CGB( 1)

TMF=SGB(I)

TMG=XTL{KA)

TMH=YTL(KA)

TMA=TMA+THMEXTMG-TMF*TMH

TMB =TMB+ TMF*TMG+TME*TMH

KA=KA=-1
TMA=TMA-OMG*OMG*(CMC (1) *CGB (KK)—CMC(2) *SGB(KK) )
TMB=TMB—OMG*0OMG* (CMC (1) *SGB(KK)+CMC(2)*CGB (KK) )
XPOCITR)=TMA/TMD

YPO(ITR)=TMB/TMD

ZPO(ITR)=TMC/TMD

1TR=ITR+1

IF (KTR~ITR)400,410,410

RETURN

400 SERIES — COMPUTE EXTENSION DERIVATIVES
TMO=KK

KA=KK+1

CGB (KA ) ==0OMG#*SGB (KK) /TMD

SGB(KA)= OMGX*CGB(KK)/TMD

KK=KA

- KB=KK

TMA=0.0
TMB=0.0
TMC=0.0

‘DO 420 1=1,KK

TME=XPO(KB)
TMF=YPO(KB)
TMG=CGB(I)

. TMH=SGB(I)

420

430

440

TMA=TMA+TME*TMG+TMFETMH
TMB=TMB+TMF*TMG—TME*TMH
TMC=TMC+TMEXXPO( 1) +TMFXYPO(I)+ZPO(KB)}*2ZPO(1)
KB=K8-1

CLB (KA)=TMA

SLB(KA)=TMB

RPTIKAY=TMC

KB=KK—1

RMT(KA)=0.0

TMA=0.0

DO 430 I=2,KK

TMA= THA-RHT(KB)#RPT(I)
KB=KB~-1
RMT(KA)=RMT(1)*TMA
KB=KK~1

TMA=RMT(KA)

‘KC=KB

1F (KC-1)460¢4609440
DO 450 I=2,KC
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TMA=TMA-RMO({KB)*RMO{1)

450 XB=KB-1-

460 RMO(KA)=TMA/(2.0%RMO(]1))
KB=KK
TMA=0.0
TMB=0.0
TMC=0.0
DO 470 I=1,KK
TMI=RMT(KB)
TMA=TMA+TMI*CLB(1)
TMB=TMB+TMI*SLB(I)
TMC=TMC+TMI*ZPO(1)

470 KB8=KB-1
CLT(KA)=TMA*ERD
SLT(KA)Y=TMB*ERD
RMR (KA )=RMT (KA} *ERD*ERD
RZR (KA )=TMC*ERD

C 500 SERIES ~ COMPUTE U,V ARRAY EXTENSION COEFFICIENTS
490 CONTINUE
-NA=INTH®*{ ITR-3)+1
. UMT(NA)=XMU*RMO(KA)
VMT(NA)=0.0
LA=1
LB=1
KB=2
NB=NTESNET
DO 580 I=1,NB
KC=ICT(1)-1
M=I-1
‘N=M
IF (KC-KB)550,500,500

500 KK=2
DO 540 J=KBKC -~ .
LC=LB
NC=KA
TMA=0.0
TMB=0.0
TMC=0.0
TMD=0,0
TME=N+N+1

- TMF=N+M
© TMG=N-M+]1
DO 530 K=1,KA
GO TO (510,520} 4KK

510 TMI=RMR(NC)
TMC=TMC+TMI*UMT(LC-1)
TMD=TMD+TMI*VMT(LC~-1)

520 TMJ=RIR(NC)
TMA=TMA+TMJ*UMT(LC)
TMB=TMB+TMJ*VMT(LC)
NC=NC-1

530 LC=LC+LNTH
NA=NA+1
UMT INA)=( TME*TMA-TMF%*TMC) / TMG
VMT (NA)=( TMEXTMB-TMFXTMD) /TMG
LB=LB+1
N=N+1

540 KK=1

-102-



550 IF (1-NB)560,580,580
560 NA=NA+1
TMC=2%M+1
NC=KA
TMA=0,0
TMB=0.0
00 570 K=1sKA
TMG=CLT(NC)
TMH=SLT(NC)
TMI=UMT(LA)
TMJ=VMT(LA)
TMA=TMA+TMG*TMI~-TMH*TMJ
TMB=TMB+TMG*TMJ+TMH*TM]
LA=LA+LNTH
570 NC=NC-1
UMT (NA ) =TMA*TMC
VMT (NA)=TMB*TMC
KB=KC+2
LB=LB+1
LA=LB
580 CONTINUE
IF (KDR) 300,300,600
CODING FOR DRAG COMPUTATIONS ARE OMITED
600 GO TO 300
END
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SUBROUTINEVARIEQ(XPO,YPO,ZPOyCNM,SNM.LCT.ICT,UHT,VMT,UVH,ERDvALF,
*0OMG »CDCHCTHyNTE KTRyKDR)
IMPLICITREAL*8(A~H,0-2)
OIMENS IONTMT (9)
DIHENSIONXPO(I)gYPO(l)pZPO(l)vCNH(l)ySNM(llvLCT(l)gICT(l)oUHT(l)’
*VMT (1) yUVM(1)
COMMON INTERNAL WORKING ARRAYS
" DIMENSION XTL( 8),CLB( 8),CLT( 8)1RPT( B),RMO( 8),RZR( 8),VRB( 8),
* YTL{ 8),SLB( 8),SLT( 8)+RMT{ 8),RMR{ 8)
COMMON/ORBCOM/CSQ( 8),5SQ( 8),SCS( 8),8XB( 8),8YB{( 8)0816( 8),
1 XVR{ 8)3sYVR{ 8),ZVR( 8)4QAV( 8),QBV( 8),QCV( 8),
2 AMT( . 72),FEE( T2),CGB( 8),SGB( 8)
EQUIVALENCE(CLB(I)pCSO(l))g(CLT(I)yXVR(l)I'(RPT(l),BXB(l))'(RZR(l
*) ,QAVI{ L))o (SLB(L1)ySSQEL1)) 4 (SLT(L),YVRI1)),(RMT{L1),BYB(1)),o(RMR(1),
*QBV(I))'(XTL(I),SCS(ID)Q(YTL(I’gZVR(l)),(RHO(I)oBZB(l))v(VRB(l):QC
*V(l))
COMMON DATA BLOCK END
EQUIVALENCE(TMT (1) s TMAY o (TMT(2) ¢ TMB) +{ TMT(3) +TMC)
EQUIVALENCE(TMT(4) s TMD) o {TMT(5) yTME) s { THT(6) y TMF)
EQUIVALENCE(TMT(7) 4 TMG) s (TMT(B) y TMH) , (TMT(9) ,THMI)
c .
C INITIALIZE ALL OF THE EXTERNAL ARRAYS.
c .
CALLCLEAR{TMT,9)
IF(KTR-2190490,20
20 KA=KTR-2
DO40OKC=14KA
KB=KC
D0301I=1,KC
AU=CGB (KB)
BU=SGB(I)
TMA=TMA+CGB( I)*AU
TMB=TMB+BU*SGB (KB)
TMC=TMC+BU*AU
30 KB=KB-1
CSQ(KC)I=TMA
SSQ(KC)=TMB r
SCS(KC)=TMC »
TMA=0.0
TMB=0.0
TMC=0.0
40 CONTINUE
RDS=ERD*ERD
LNC=ICT(NTE+2)-1
ITR=2
L=9%KTR~-18
CALLCLEAR(AMT,L)
KDG=KDR-2 :
DRAG COMPUTATIONS DELETED. INITIALIZATION OF HNV AND VRN DELETED.

TEST FOR PROCESS COMPLETE — BEGIN THE ITERATIVE LOOP

[aNaNgNal

80 ITR=ITR+1
. IF(KTR=-ITR)90,100,100
90 RETURN
100 KA=ITR-3
I=1+KA%LNC
LASI+ICT(2)-1
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120

140

160

180

200

LB=I+ICT(1)

LC=1+2

LD=L8

LE=LA

M=0

KB=1

TMQ=0.0

TMR=1.0/24.0
TMS=1,0/6.0
ICT2=1CT(2)
DO2701=1,4NTE

N=M

KC=LCT (1)

1F{KC) 21042105120
CONTINUE

00200J4=14yKC

L=N-M+2

CZZ=L*{L~-1)
CPZ=L*{L+1)
CPM=(L+1)*(L+2)
AU=UMT (LA)

BU=UMT (LB

CU=UMT(LC)

DU=UMT(LD)

EU=UMT (LE)

AV=VMT (LA)

BV=VMT(LB)

CV=VMT(LC)

DV=VMT(LD)

EV=VMT(LE)

CC=CNM(KB)

SC=SNM(KB)
TMI=TMI+CZZ*(CC*¥CU+SC*CV)
IF{M-1)1404160,180
AU=AU*TMR

BU=~-BUXTMS
AV=—AVETMR ’
BV=BV*TMS
TMQ=TMQ+1.0
TMR=TMR*TMQ/ (TMQ+4.0)
TMS=TMS*(TMQ+1.0)/7(TMQ+3.0)
6070180

AU=—AU*TMS

AV=AV*TMS
TMQ=TMQ+1.0
TMS=TMS*TMQ/(TMQ+2.0)
T=L-1

TMA=TMA+CC* (EU+CZZ*(CPM*AU-CU-CU) ) +SC* (EV+CZZ%* (CPM*AV—CV—CV) )
TMB=THMB+CCH*(EV~CZZ*CPM*AV)+SCR{CZZXCPM*AU-EU)
TMC=TMC-T*(CC*(CPZ*BU-DU) +SC*(CP2Z*BV-DV))
TMF=TMF+T%(CC*(CPZ*BV+DV)-SC*(CPZ*BU+DU))

KB=KB+1
LA=LA+]
LB=LB+1
LC=LC+1
LO=10+1
LE=LE+1
N=N+1
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aXeNaNel

210 L=KA*LNC
IF(M=1)220,230,240

220 TMQ=2.0
TMS=1.0/12.0
LA=L+ICT2+2
LB=L+4
GOT0260

230 LA=L+5
G0T0250

240 LA=L+4+ICT(I-1)

250 LB=L+3+ICT(I)

260 LC=L+2+1CT(I+1)
LD=L+1+ICT(]+2)
LE=L+ICT(1+3)

270 M=M+1
TMR=2 . 0%RDS
TMC=TMC/TMR
TMF=TMF/TMR
TMR=2.0%TMR
TMA=TMA/TMR
TMB=TMB/TMR
TMD=TMB .
TMG=TMC !
TMH=TMF
TMI=TMI/RDS
TME=-TMA-TMI
L=9xKA+]
D02801=1,9
FEE(L)=TMT(])

280 L=L+1
CALLCLEAR(TMT,9)

EVALUATE THE K~TH TERM OF THE MATRIX A{3,3)

DRAG COMPUTATIONS DELETED.
500 L=0
KB=KA+1
N=KB .
D05101=1,K8
AU=FEE (L+1)
BU=FEE(L+2)
CU=FEE (L+3)
DU=FEE(L+5)
EU=FEE(L+6)
AV=CSQ (N)
BV=SSQ(N)
CV=SCS(N)
OV=CGB (N)
EV=SGB (N)
TMA=TMA+AUSAV~2.0%BUXCV+DU*BY
TMB=TMB+CV%(AU-DU) +BU*(AV-BV)
TMC=TMC+CUSDV-EUXEV
TMF =TMF+CUXEV+EU*DV
N=N-1
510 L=L+9
L=9%KA+9
TMI=FEE(L)
TMD=TMB
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TME=~TMA-TMI
TMG=TMC
TMH=TMF
L=L-8
D05201=1,9
AMT(L)=AMT(L)+TMT(I)
520 L=L+1
CALLCLEAR(TMT,9)
c
C EVALUATE U AND V MATRICES FOR (K+2)TH TERM IN SERIES
c
KB=KA+1
TMQ=KB*(KB+1)
TMQ=1.0/TMQ
TMR=1.0
KC=18%KA-2
DO600LA=1,2
LB=KC+39
LC=0
DO580LD=1,KB
LE=1
DO570J=1,3
I=3%J+KC
AU=UVMI(])
BU=UVM(I+1)
CU=UVM(1+2)
Cc DRAG COMPUTATIONS DELETED.
DO570M=1,3
I=LC+M
TMS=AMT( I )*AU+AMT( 143 )*BU+AMT(I+6)*CU
C DRAG COMPUTATIONS DELETED.
560 TMT(LE)=TMT(LE)+TMS
S70 LE=LE+1l
KC=KC-18
TMR=TMR+1 .0
580 LC=LC+9
D05901=1,9
UVM(LB)=TMQ*TMT(I)
590 LB=LB+1
CALLCLEAR(TMT,9)
TMR=1.0
600 KC=18%KA+7
G0T080
END
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C R

1065
c R

SUBROUTINE ORBIN

IMPLICIT REAL*8(A~H,0-2)

DIMENS ION EMODEL(10,2)

DIMENSION XIN(6),0ORBEL{6)4RO(3),VO(3),0RBNAM(6),0RBUNK(16)+5(3+3)
EQUIVALENCE (ORBEL(1),0RBA),(ORBEL(2),0RBECC),(ORBEL(3),0RBINC),
1(ORBEL(4) sRANGCDE), (ORBEL(5), ARGPGE), {ORBEL (6} ,0REBM)

EQUIVALENCE (XIN(I),RO(I))’(XIN(4)oV0(l))p(THEDOTyOMGI)

INTEGER*2 LFLG(40) KSTATO(15) yMODEL(10+2)

INTEGER*2 GUIDE(10,2),IDAY,IYR

INTEGER*4 ENDSIG/1HE/,CONTIN,BLANK/1H /,ALFA/1HA/yALFR/1HR/,ZCODE
DATA MAXSTO/15/sMAXSTA/40/9MAXEMU/10/

INTEGER*2 PCODE(20)

COMMON/PCODES/PCODE

COMMON/0BSD/0BSD(150) ,0VOBSD

COMMON ZERDCON/ERDI 4 XMUI yOMGI s XCMa YCM4ZCM

COMMON/NSTA/NSTA

COMMON /STACRD/KORDER(150)

INTEGER STANAM, IDS*2
COMMON/STALOC/STAUVW(39150) ¢DATDUM(6,+15) 3 STANAM(5,150),105(150)
DIMENSION CM(3)

EQUIVALENCE(CM(1) ¢ XCM)

EAD EARTH CONSTANTS

READ(541065) ERDI,XMUI,OMGI,OVOBSD

FORMAT (4D20.8) ’

EAD THE COORDINATES OF THE CENTER OF MASS IN THE COORDINATE SYSTEM IN WHICH

C THE STATION COORDINATES ARE GIVEN.

READ(5,1052) RO

c READ UNCERTAINTIES OF CENTER OF MASS

READ(5,1052) vO
WRITE(651063) RO,VO

1063 FORMAT(//7/7° COORDINATES OF THE CENTER OF MASS"3FZO 3/

1 * UNCERTAINTIES *$3F20.3)
WRITE(6+1064) ERDI» XMUI,OMGI

1064 FORMAT(1HY1///* EARTH CONSTANTS FOR ORBIT INTEGRATION®/

1 T7y *SEMI-MAJOR AXIS?®,7T30,°GM®,T48, *"ROTATION RATE?Y/
2 F20.391PD20.10,0P020.10)
WRITE(3) ERDI,XMUI,OMGI,RO,VO

CHANGE THE DATUM 10 .NUMBER IF RESULTS WILL BE IN AN EARTH CENTERED DATUM

132

IF(RO(1).EQ.0) GO TO 135
1ERD=ERDI .
1=0

I=1+1

IDAT=DATPRM(1,1)
IF(IDAT.EQ.IERD) GO TO 133
IF(1.LT.15) GO TO 132

WRITE {651001)

1001 FORMAT(//10X,"EARTH DIAMETER DOES NOT CORRESPOND TO ANY KNOWN DATU

1Mt //)
60 TO 135

133 DO 134 J=1,150
134 IDS(J)=T
135 CONTINUE

DO 130 I=1,3

130 CM(I)=RO(I)

IF(PCODE(14).EQ.OQ) GO TO 140
DO 139 I=1,3

139 STAUVW(I,NSTA+1)=RO(I)

KORDER (NSTA+1)=0
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140 CONTINUE

SPR=206264.80625

NOBS=0

NUNK=0

. DO 160 I=7,16

160 ORBUNK({I)=0

c READ FIRST CARD

165 READ(5,1051) NORB,ORBNAM, IOCODE ,CONTIN
1051 FORMAT(A4,6A8,11,26X,A1)

C TEST FOR END OF ALL PASSES
IF(CONTIN.EQ.ENDSIG) GO TO210
WRITE(6491062) NORB,ORBNAM

1062 FORMAT{7(/)s1XsA%¢5X6A8)
c
c IOCODE=0 MEANS RECTANGULAR ELEMENTS ARE GIVEN IN TRUE SIDEREAL SYSTEM
c IOCODE=1 MEANS RECTANGULAR ELEMENTS ARE GIVEN IN MODIFIED SIDEREAL
c SYSTEM.
c IOCODE=2 MEANS RECTANGULAR ELEMENTS ARE GIVEN IN EARTH FIXED SYSTEM
¢ _TOCODE=3 MEANS KEPLERIAN ELEMENTS ARE GIVEN, REFERED TO TRUE EQUINOX.
c IOCODE=4 MEANS KEPLERIAN ELEMENTS ARE GIVEN, REFERED TO TRUE EQUATOR
c AND 1950 EQUINOX (I.E., THE SOA ORBITAL SYSTEM).
c

DO 166 I=1,40
LFLG(I)=0
DO 167 I=1,410
DO 167 J=1,2
GUIDE(1,4)=00.0
CONTINUE
NUTORB=6
NEMUNK =0
IF(I0CODE.LT.3)G0O TO 170
READ(5,1052) ORBA,ORBECC,0ORBINC
READ(591052) RANODEyARGPGEsORBM
FORMAT(3D15.8)
WRITE(6,1055) ORBEL . .
1055 FORMAT(1Xy*A=%,D18.8,*ECC="yD18.8,*INC=?,D18.8,/7*'RA OF NODE=?*,
1015.84"ARG OF PERIGEE="3D15.8y *MEAN ANOMALY='4D15.8)
CALL KEPTCE(ORBELyXIN)
I10CODE=I0CODE-3
- 60 TO 171
170 READ(5,1052) RO,VO
THERE ARE THREE WAYS THE EPOCH CAN APPEAR,AS JULIAN DAYS IN COLUMNS
0 THRU 15,AS A DATE IN COLUMNS 16 THRU 35,0R IF A DATE OTHER THAN THAT
IS TO BE USUED THE DATE OF THE ORBITAL ELIMENTS GIVEN WILL BE IN
COLUMNS 16 THRU 35 WITH THE DESIRED EPOCH TIME IN COLUMNS 51 THRU 71
ZCODE COLUMNS 36 THRU41 MUST HAVE SOMETHING PUNCHED IN IT IN THE LAST CASE
READ(5,1053) EPOCH,IDAY,MONTHyIYR, IHMIN,ESEC,2CODE, IHRy IMIN,SEC
FORMAT(D15.891542X9A3+3154D10.593X9A2,751,215,010.5) '
IF(EPOCH.EQ.O0) GO TO 175
ITEM=EPOCH
TEM=ITEM
TE=(EPOCH-TEM)»86400
TEMP=TE/3600.0
- IH=TEMP
TEMP=( TEMP~IH)*60.0
MIN=TEMP
ESEC=(TEMP-MIN)*60.0
TO=IHR*3600+IMIN*60+SEC

166

167

1052

o000

171
1053
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TIME=EPOCH
GO TO 180
175 TEM=MJO(IDAY,MONTH,IYR)
. TE=IH*3600+MIN*60+ESEC
TO=IHR*3600+ IMIN®60+SEC
EPOCH=TEM+TE/86400.0
© TIME=TEM+T0/86400.0
IF (ZCODE.EQ.BLANK) TIME=EPOCH :
180 CONTINUE
WRITE(6,1054) RO,VO,EPOCH
IF (I0CODE.NE.1) GO TO 185
CALL PRENUT(TIME,PAN)
CALL ROT3(-PAN,RO)
CALL ROT3(~PAN,VO)
185 GASTO=GSTO(TIME)
" CALL PRENUT(TIME,PAN)
GASTO=GASTO+PAN ‘

1054 FORMAT{/1X,?X=*yD18.841Xy"Y=",018.8,1X,*Z=!,D18.84/1Xs 1XDOT=14
1D15.891X, 'YDOT=*,D15.8,1X*XDOT=*yD15.8,/1Xy *EPOCH="*,015.8,10X o
215,2X9A3, 154 /22X 'GAST=1,D15.8//)

IF (I0CODE.NE.2) GO TO 190
RO1=RO(1)
RO2=RO(2)
CALL ROT3(-GASTQ,RO)
VO(1)=V0(1)~THEDOT#RO1
VO(2)=V0(2)+THEDOT*R02
- CALL ROT3(~GASTO,VO)
190 IF(TO~TE) 195,200,196
195 IF(ZCODE.EQ.BLANK) GO TO 200
196 IF(TE.NE.O) GO TQ 198
EPOCH=TIME
60 TO 200 '
198 CALL ORBIT(0,T0,TE,GASTO,XIN)
200 CALL POLE(EPOCH,XPM,YPM)
XPM=XPM/SPR
YPM=YPM/SPR
XP=XPM :
YP=YPM
GAST=GSTD (EPOCH)
CALL PRENUT (EPOCH 4 PAN)
GAST=GAST+PAN
WRITE(6,1154) .
1154 FORMAT(/1X,*VALUES STORED ON UNIT 37)
WRITE(&y1054)R0,VO,EPOCH, IDAY,MONTH, IYR,GAST
210 WRITE(3)IORB,NORB,ORBNAM, EPOCH IDAY, MONTH, IYR,GAST 4R0,VO, TE, IH,
IMIN JESEC » XPM,YPM,CONTIN
IF{CONTINLEQ.ENDSIG) RETURN
NOBSTO=0
WRITE(6,6005) _
6005 FORMAT(® STATION DATE®,T25,°TIME(UT) *3X, 'OBSERVED RANGE®,2X,
1 SUNCERTAINTY?) :
c READ OBSERVATION CARD
220 READ(5,1061) IDyIYRyMONTHe IDAY o IH, IMIN, SEC,SECL yRSOsRSOLsVARRA,
1CONTIN

1061 FORMAT(14XsI14¢5129F2.0,F4.05F16.0,F3.0,11X,F6.3,9XsA1)

c TEST FOR END OF PASS
1IF(CONTIN.EQ.ENDSIG) GO TO 240
KSTA=KSTAID(1D)
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IF(CONTIN.EQ.ALFA) GO TO 290
IF(CONTIN.EQ.ALFR) GO TO 300
NOBSTO=NOBSTO+1 -
NOBS=NQBS+1 .
IF{PCODE(12).EQ. 1) VARRA=0BSD(KSTA)
IF(PCODE(12) .EQ.2) VARRA=0VOBSD
RSQ=RSO+RS01/1000.0
IF(SEC1l.LT.1) GO ¥O 230
SEC=SEC+SEC1/10000. 0
G0 TO 231
230 SEC=SEC+SEC1.
231 CONTINUE
LFLG(KSTA) =1
TEMO=MJD( IDAY ,MONTH, IYR)
TOBS’IH*3600+IHIN$60+SEC+(TEHO—TEH)‘86400 0
TO=TOBS-TE
IF(DABS(TO).GT.10000) GO TO 260
GASTO=GAST+TO*THEDOT
SINST=DSIN(GASTO)
COSST=DCOS (GASTO)
C FILL IN ®S®" ARRAY ACCORDING TO SAO SPECIAL REPORT 123,"PRECISE ASPECTS
c OF TERRESTRIAL AND CELESTIAL REFERENCE FRAMES", PAGE 8
S(1,1)=COSST
S{241)=-SINST :
S(3'1)--XP*COSST—YP*SINST
S(1,2)=SINST
S(242)=C0OSST
S(3,2)--XP*SINST*YP*COSST
S{1e3)=XP- ,
$(2,3)=—YpP
$13,3)=1.0 :
WRITE(641056) ID,IDAY.MDNTH.IVR,IH.IMIN.sec.Rso.VARRA
1056 FORMAT (17 ,1491X0A3913,15913,F8.49F13.242F15.2)
240 WRITE(3) Toas,To.KSTA.sAsro.SINsr.cossr.Rso.VARRA,lo,IDAY.MUNTH.
1 IYRyIHe IMINySEC ¢S oCONTIN
IF{CONTIN.EQ.ENDSIG) GO TO 270
GO0 TO. 220
260 WRITE(6,1057) TOBS,TE
1057 FORMAT(1X,°TIME OF OBSERVATION=',F20.10,/1Xs*T.IME OF .EPOCH=?
- 1F20.10) ’
STOP.
270 NSTATO=0
DO 280 KSTA=1,NSTA _
IF(LFLG(KSTA) .EQ.0) GO TO 280
NSTATO=NSTATO+1 ' ‘
TF(NSTATO.LE.MAXSTO) GG TO 277
WRITE(641058) MAXSTO .
1058 FORMAT(1X,*MORE THAN®,12,¢ STATIONS OBSERVED?) '
sTOP :
277 KSTATO(NSTATO)=KSTA
LFLG(KSTA)Y=NSTATO
280 CONTINUE
IF(PCODE(14).EQ.0) GO TO 2800
NSTATO=NSTATO+1
KSTATO(NSTATO)=NSTA+1
2800 CONTINUE = .
DO 281. I=1,6
281 ORBUNK(I)=XIN(I)

-111-



1059
282
283
285
290
300
310

1060

a1l

1F(NEMUNK.EQ.0) GO TO 285
DO 283 I=1,NEMUNK
GET THE ORDER # OF THE STATION TO WHICH THIS ERROR MODEL

TERM PERTAINS

KSTA=MODEL(1,2)

ISTA=LFLG(KSTA)

IF(ISTA.NE.O) GO TO 282

WRITE(6,1059) KORDER(KSTA)

FORMAT (1X,*ERROR MODEL UNKNOWN FOR STATION *,I3,* IS MEANINGLESS
1SINCE STATION DOES NOT OBSERVE THIS PASS.')

MODCOD=MODEL (I,1)

GUIDE(ISTA,MODCOD) =I+6

CONTINUE

WRITE(4) ORBUNK,NSTATO,LFLGsKSTATO,NEMUNK sEMODEL sMODEL GUIDE
1 , NUTORB

GO TO 165

MODCOD=1

GO VO 310

MODCOD=2

GO TO 310

NEMUNK =NEMUNK + 1

IF (NEMUNK.LE.MAXEMU) GO TO 311

WRITE(691060) MAXEMU

FORMAT (1X, * ERROR-NUMBER OF ERROR MODEL UNKNOWNS EXCEEDS *,15)
sToP

NUTORB=NUTORB+1

MODEL ( NEMUNK , 1 ) =MODCOD

MODEL ( NEMUNK 2) =KSTA

EMODEL (NEMUNK » 1) =R SO

EMODEL (NEMUNK 5 2) =VARR A

ORBUNK (NUTORB ) =R SO

6o TO 220 -

END
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SUBROUTINE FOAN -
IMPLICIT REAL*B(A~H,0-2)
INTEGER*2 IDAY,1YR .
INTEGER=*4 CONTIN,ENDSIG/1HE/
COMMON/NSTA/NSTA
INTEGER STANAM, IDS#*2
CUHHON/S?ALOC/STAUVN(3'150),DATPRM‘2115)pDATNAH(#.ls)'
1STANAM(5,150)},IDS(150)
COMMON/STAORD/KORDER{150)
COMMON /WPW/WPH ¢ XPU » IDEGF4NFSTA
DIMENS ION NOBSTA(40)
REAL®4 VPVSTA(40)
O IMENS ION R0(3)1V0(3)9XT(6)QUVHT(319)'EXT(3,'EUVNT(399)9XS(3)V
1 DCS(3)+S1(3,3)
COMMONZ/ERDCON/ERDI 4 XMUI yOMGI oCM(3)
DIMENSION C(3),CC(3),D(9), DNO(3:3'40’
INTEGER*2 PCODE(20)
COMMON /PCODES/PCODE .
THIS SUBROUTINE IS DIMENSIONED FOR A MAXIMUM OF
40 OBSERVING STATIONS (MAXTIMUM)
15 STATICONS OBSERVING ANY GIVEN PASS
10 ERROR MODEL UNKNOWNS FOR ANY PASS (FOR A TOTAL OF 16 UNKNOWNS
FOR ANY PASS).
DIMENSION ORBNAM(6),0RBUNK(16),DB(16)
DIMENSION A(3),B(16)
DIMENSION DN(393,40),BN{3,16+15),DKt{3,40) oDDN(16,16) ,DDK(16)
INTEGER*2 LFLG(40) KSTATO(15),MODEL(10,2),IGUIDE(10,2)
DIMENSION EMODEL(10,2)
EQUIVALENCE(D(1),Cl1)),(Dt4)+B(1))
‘INTEGER*4 MODALF(3,2)
DATA MODALF/®ZERO",* SET®,°. Sy 'REFR®**ACTE®*ON ¢/
MAXSTA=40
MAXSTO=15 .
MAXEHU‘IO
HAXUNK =16
REWIND 1
REWIND 3
REWIND 4
REWIND 2
IF{PCODE(14) JNE.O) NSTA= NSTA*I
IN!TIAL ACCUMULATING ARRAYS
DO 60 KSTA=1,NSTA
DO 50 J=1.3
DO 40 I=1,3
DNO(I,JyKSTA)=0.0
40 DNUI+J9KSTA)=0.0
50 DK(JyKSTA)=0,0 !
VPVSTA(KSTA)=0.0
60 NOBSTA{KSTA)=0
WPHW=0. 0
WPHSP=0.0
NOB $=0
NUNK=0
READ(3) ERDIJXMUI.OMGI,R0O,VO
RO HOLDS A PRIORI COCRDINATES OF CENTER OF MASS
VO HOLDS A PRIORI UNCERTAINTIES OF COORDINATES OF CENTER OF MASS
DO 65 I=1,3
65 CM(I)=RO(I)
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IF(PCODE(14).EQ.0) GO TO 75
DO 70 I=1,3

UPDATE CODRDINATES OF CENTER OF HASS
CM(1)=STAUVH(I,NSTA)

IMPOSE A PRIORI CONSTRAINTS ON COORDINATES OF CENTER OF MASS

IF(VO(I).EQ.0.0) GO TO 70
DN(I,IeNSTA)=1.0/VO(I)%%2
DKCIyNSTAY={ROCI)=STAUVM(I,NSTA))/VO(]1)**2

70 CONTINUE

75 CONTINUE

[ 2 o]

150 CONTINUE
PROCESS ANOTHER PASS
READ ORBIT HEADER
READ(3) IORB,NORB,ORBNAMs EPOCH, IDAY,MONTH, IYRyGASTyRO¢VOsTEy IH,MIN
1,ESEC, XPMsYPM, CONTIN
WRITE(1) IORB,NORB,ORBNAM,IDAY,MONTH, YR, IH,MIN,ESEC,EPOCHCONTIN
C TEST FOR END OF DATA
IF(CONTIN.EQ.ENDSIGIGO TO 700
READ(4) ORBUNK,NSTATO,LFLGyKSTATO,NEMUNK sEMODE LyMODEL » IGUIDE
~ 1 5 NUTORB
C  INITIALIZE ACCUMULATION ARRAYS
WPWT0=0.0
NOBSTO=0
DO 170 KSTA=1,NSTATO
DO 170 J=1,NUTORB
DO 170 I=1,3
170 BN(1,J4KSTA)=0.0
DO 180 I=1,MAXUNK
DDK(1)=0.0
DO 180 J=1,MAXUNK
180 DDN(1,J)=0.0 _
WRITE(6,6001) NORB ¢ ORBNAM, IDAY yMONTH, IYR, IH,MIN, ESEC » EPOCH
6001 FORMAT(///77717172X 4A4s3X+6A8," EPOCH=%,13,A3,1X,213,'H?, I3,'M",
1 FB.49'S UT=MJID*,F17.9)
WRITE(656002) (ORBUNK(I),I=1,6)
6002 FORMAT('0  CURRENT ORBIT ELEMENTS IN APPARENT SIDEREAL CARTESIAN
1 COORDINATES?®/5X, *POSITION(METERS) *,4X,3F16.3/
“1 5Ky *VELOCITY (METERS/SEC)*,3F16.6)
" IF(NEMUNK.EQ.O0) GO TO 185
WRITE(6+6003)
6003 FORMAT(®O CURRENT VALUE OF ERROR MODEL UNKNOWNS'®)
.~ DO 184 I=1,NEMUNK
MODCOD=MODEL(I,1)
KSTA=MODEL(1,2)
184 WRITE(6,6004) (MODALF(J,MODCOD),Jd= 173).K0RDER(KSTA),(STANAH(J,KSTA
1) 5J=1,5), ORBUNK(1+6)
6004 FORMAT{5Xs3A4,*FOR STATION® y1692Xs5A%92Xe*="yF15.3)
185 CONTINUE
- WRITE(6,46005)
6005 FORMAT('OSTATION  DATE®*,T25,°*TIME(UT)®,3X,*CORRECTED RANGE®,2X,
1 YUNCERTAINTY!,4X, *MISCLOSURE®)
C INITIALIZE ORBIT
NFLG=1
CALL URBIT(NFLG.TE,TE,GAST'ORBUNK)

[a Xl

C .
c READ OBSERVATION RECORD
200 READ (3) TOBS,TO,KSTA,GASTO,SINST,COSST,RSCOyVARRA, ID, IDAYMONTH,
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1 IYRy IHyMIN,SEC,S,CONTIN : :
IF(CONTINL.EQ.ENDSIG) GO TO 350 ’ v
NN=1
CALL DRIVER(NN,TOBSyGHsDT 4 XToUVNT)
C GET INTERNAL NUMBER OF THIS STATION IN THIS PASS
ISTA=LFLG(KSTA)
C TRANSFORM SATELLITE POSITION AND TRANSITION MATRIX TO TERRESTRIAL COORDINATES
CALL DGMPRD{S ¢ XT2EXT353,1)
CALL DGMPRD{SyUVHT,EUVHT393,9)
COMPUTE STATION TO SATELLITE VECTOR
DO 220 I=1,3 -
220 XS(D)=EXT(I)-STAUVH{I,KSTA)
C GET COMPUTED RANGE
RSC=0.0
DO 225 1I=1,3
225 RSC=RSC+XS(I)*%2
RSC=DSQRT(RSC)
C GETYT STATION TO SATELLITE DIRECTION COSINES AND COMPUTE PARTIALS
DO 230 I=1,3
DCS(I)}=XS(I)/RSC
AlLT)==DCS(I])
230 CONTINUE
CALL DGMPRO(DCS,sEUVHTD91:3,9)
(o} PREPARE PARTIALS WITH RESPECT TO THE CENTER OF MASS.
IF(PCODE(14) .NE.O) CALL DGMPRD(S,CyCCy353,1)
C FILL IN B WITH ZEROGS :
IFINUTORB.LE.6) GO TD 250
DO 234 I=T7.NUTORB
234 B(1)=0.0
235 CONTINUE
CORRECT OBSERVATION FOR ERROR HODEL
IUNK=IGUIDE(ISTA,1)
IFCIUNK.EQ.0) GO TO 245
RSO=RSO-0ORBUNK ( IUNK)
B{IUNK)=1.0
245 IUNK=IGUIDE(ISTA,2)
IF(IUNK.EQ.0) GO TQ 250
COEFFICIENT OF REFRACTION TERM IS l.O/(SlN OF ELEVATION ANGLE)
C GET SIN OF ELEVATION ANGLE (SE)
C GEODETIC LATITUDE IS APPROXIMATED BY SPHERICAL LATITUDE IN COMPUTATION
C OF SIN OF ELEVATION ANGLE
SE=0.0
RSTA=0.0
DO 246 1=1,3
SE=SE+STAUVWII,KSTA)*DCS(I)
246 RSTA=RSTA+STAUVHI I KSTA)**2
SE=SE/DSQRT(RSTA}
RSO=RSO~0ORBUNK ( IUNK) /SE
B(IUNK)=1.0/SE
250 CONTINUE
- COMPUTE MISCLOSURE R
DL=RSO-RSC
WRITE( 656006) KORDER{KSTA) s IDAY yMONTH, I YR y IHy MIN,SEC9RSOy VARRADL
6006 FORMAT{IT»I491X9A3413,4159134FB.49F13.2,2F15.2)
WT=1.0/VARRA*%*2
WPWOBS=DL*WT*DL
VPVSTA(KSTA)-VPVSTA(KSTAlfﬂPHOBS
WPHTO=WPWTO+WPWOBS
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WPH=WPW+WPWOBS
NOBSTA{KSTA)=NOBSTA(KSTA)+1
NOBSTO=NOBSTO+1
NOBS=NOBS+1
c
C ACCUMULATE NORMAL EQUATIONS
DO 270 1=1,3
DK(lyKSTA)-DK(I,KSTA)+A(I)#HT‘DL
DO 260 J=1,3
260 ON(1,J4KSTA) DN(lyJ,KSTA)*A(l)*HT*A(J)
DO 265 J=1,NUTORB
265 BN(I.J'ISTA)'BN(lrJylSTA)*A(l)*NT*B(J)
270 CONTINUE
DO 280 I=1,NUTORB
DOK(I)=DDK{I)+B(I)*WT*DL
DO 280 J=1,NUTORB
280 DDN(IoJ)=DDN(I,J)+B(I1)*WT*B(J)
o IF(PCODE(14) .EQ.0)} GO TO 200 ’
Cc ACCUMULATE NORMALS PERTAINING TO THE CENTER OF MASS
DO 295 I=1,3
DK(14NSTA)=DK(I4NSTA)+CC (1) *WT*DL .
00 291 J=1,3
DN{IsJyNSTAI=ON(I4JyNSTAI+CCII)*WT%CC(J)
291 DNO(IyJysKSTA)=DNO(1,J KSTA)+A{1}*NT*CC(J)
DO 292 J=1,NUTORB
292 BNUI2JyNSTATO)=BN(1,JyNSTATO)+CC(I)*NT*B(J)
295 CONTINUE
RETURN TO PROCESS ANOTHER OBSERVATION
G0 TO 200

350 CONTINUE
ENTER ON END QOF PASS
NUNK=NUNK+NUTORB
C ADD A PRICORI CONSTRAINTS ON URB[T UNKNOWNS TO ODN AND DDK AT THIS POINT
C ADD A PRIOCRI CONSTRAINTS ON ERROR MODEL UNKNOWNS
IF(NEMUNK.EQ.O0) GO TO 370
D0 369 I=1,NEMUNK
IF(EMODEL(1+2).LE.O0.0) GO TO 369
DL=EMODEL(1,1)—0RBUNK(I+6)
WT=1.0/EMODEL(1,2)%%2
DDN{I+6,1+6)=DDN{1+6,1+6)+WT
DODK(I)=DDK(I)+WT=DL
WPWOBS=DL*WT*DL
NOBS=NOBS+1
" WPH=HWPW+WPWOBS a
369 CONTINUE
370 CONTINUE
IFINUTORB.EQ.MAXUNK)GO TO 380
Cc PAD OUT DON
NN=NUTORB+1
DO 379 I=NN.MAXUNK
DDK(I)=0.0
379 DON(1I,I)=1.0
C INVERT DON
. DET=1.0
380 CALL DMINV(DDNsMAXUNK,DET,UVHT,8)
COMPUTE PARTIAL UNCERTAINTIES OF ORBIT UNKNOWNS
D0 390 I=1,NUTORB

(o
c
C
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390 B(I1)=DSQRT(DDN(I,I))
WRITE{6,6008) (B(1),1=1,NUTORB)
6008 FORMAT(//' PARTIAL UNCERTAINTIES OF ORBIT UNKNOWNS—FROM DON(INV) *
1 ,10(/8015.6))‘
c
00 395 1=1,NUTORB
DO 395 -J=1,NUTORB
395 WPWSP=WPWSP+DDK (1) $DDN(T 4] *DDK(J)
WRITE(1) DDN,DDK, BN
WREITE(1) NUTORB.NSTATO.NEMUNK.KSTATO.LFLG,ORBUNK.EHODEL.HODEL,
1 IGUIDE _
RMSTO=0SQRT(WPHTO/OFLOAT(NGBSTO))
~ WRITE(6,6007) WPWTO,NOBSTOsRMSTO
6007 FORMAT(//5X,*WEIGHTED SUM OF SQUARES OF MISCLOSURES =',F15.3/
1 5X,°NUMBER OF OBSERVATIONS =%,18/5X, 'RMS MISCLOSURE =',F15.3)
C RETURN TO PROCESS ANOTHER PASS
G0 TO 150 -
c
C  ENTER HERE AT THE END OF ALL PASSES
700 CONTINUE .-
WRITE(2) ON,DK
IF(PCODE(14) .NE.O) WRITE(2) DNO
REWIND 1 >
REWIND 2 ‘ . , o
REWIND 4 '
C PERFORM ANALYSIS OF MISCLOSURES BY STATION
WRITE(6,6019)
6019 FORMAT(1H1,8(/),10X, *ANALYSIS OF MISCLOSURES BY STATION®//
1710, *STATION? , 740, "NUMBER OF OBSERVATIONS®,T70,'RMS MISCLOSURE®)
DO 750 KSTA=1,NSTA -
IF(NOBSTA(KSTA) .6T.0) RMSMC=DSQRT(VPVSTA(KSTA)/DFLOAT(NOBSTA(KSTA)
ny -
WRITE(6,6020) KDRDER(KSTA),(STANAH(l.KSTA).l 1+5) yNDBSTAIKSTA),
1 RMSMC
6020 FORMAT(T10,17,1Xs5A49 755,17, T70,F14.2)
750 CONTINUE
COMPUTE DEGREES OF FREEDOM
IDEGF=NOBS—NUNK
WPH=WP W~HPHSP _
RMSMC=DSQRT (WPN/DFLOAT(IDEGF))
WRITE(6,6021) NOBS,NUNK, IDEGF,WPH,RMSMC
6021 FORMAT(////10Xs*TOTAL NUMBER OF OBSERVATIONS® 17604187/
110X,*TOTAL NUMBER OF ORBIT AND ERROR MODEL UNKNOWNS' ,T50,18//
210X, *CORRESPONDING DEGREES OF FREEDOM®,T60,18//
310X, *TOTAL SUM OF SQUARES OF MISCLOSURES, I.E.,VPV4XU'4T60,F11.2//
410Xy *CORRESPONDING STANDARD DEVIATION OF UNIT WEIGHT®,T60,F11.2)
RETURN
END
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SUBROUTINE POLE(DT, XPM,YPM)
DOUBLE PRECISION DT,XPMy,YPM
DIMENSION PM(28642),PMT(2)
DIMENS ION PMX1(90),PMY1(90),PMX2{90),PMY2(90), PMX3(15),PMY3(15)
EQUIVALENCE (PM,PMX1) o (PM(L452) yPMYL) 3 (PM{91,41),PMX2]),
1(PM(91+2) oPMY2) o (PM(181,1)9PMX3),(PM{181,2),PMY3)
DIMENSION PMX4(5) 4PMY4(5)
EQUIVALENCE (PM(19651)sPMX4) 4 {PM{19642),4PHMY4)
‘DIMENSION PMX5(86) ,PMY5(86)
EQUIVALENCE (PM(201,1),PMX5),(PM(2012),PMY5) '
Cc 'POLAR MOTION- TABLES FURNISHED BY TOMLINSON (TAKEN FROM IPMS)
DATA PMX1/
1-0.173,-0.215y~0.235,-0.237,-0.218,~0.162,-0.097y-0.032y 0.036,
2 0.111y 0.188, 0.237, 0,348, 0.398, 0.398, 0.368,y 0.330, 0.280,
3 0.218, 0.144y 0.069y 0.0003-0.,0624-0.112y~0.140¢4-0.1534-0.151,
4-0,1269-0.,0869-0.037, 0.026s 0,092, 0.161y 0.223, 0.272y 0.299,
5 0‘308' 0.296' 00261' 0.202. 0-135' 0.073’ 0.0’06' 00035' 0.013'
6-060269~0.0729~0+0969-0.1079-0.103,—0.087+—-0.039y 0.004y 0.040,
7 0.070y 0.080, 0.109, 0.117, 0.117, 0.109, 0.092y 0.074¢ 0.065,
8 0.064y 0.062, 0.057, 0.046, 0.034, 0.030, 0.032, 0.040s 0,043,
9 0.042y 0,041y 0,039y 0.028y 0.01994—0.0109-0.0279=0.0214-0.009,
A 0,008y, 0,027, 0.047y 0.071, 0.095, 0.120y O.l44, 0.162y 0.173
DATA PMX2/ :
1 0.171y D.157y 0128y 0.09%4¢ 0.056y 0.017+-0.0199-0.0549-0.D86,
2-0,1109-0,1219-0.119,-0.105,—-0.0764—0.038, 0.009, 0.070y 0.134,
3 0,191y 0,239, 0,274y 0.301y 0.281, 0.237, 0.176, 0.112, 0.048,
‘0—00011"000690-0.122"’0.171"‘0.206,"0.1941-0.1697-0.139’-0.101'
5-0,055y 0,004y 0.074y 0.164; 0.214, 0.240, 0.241, 0,239, 0.255,
6 0,250y 04219y 0.161¢ 0,099y 0.0424-0.012,-0.0674-0,120,~0,160,
T-0.1859-0.1969-0.1949-0.1T4y-0.1309~0.0724-0.003,y 0.07ly G.127,
B8 0.168y 0,201y 0,221y 0,227, 0.220, 0.194, 0.138, 0.075, 0.033,
9 0.0009-0.0299~0e0587,-0.0869—0.105,-0.116,-0.1199y-0.115,-0.104,
A.0¢0861—°.057’_000101 000529 00096, 00111' 0.125’ 0.1239 00115/
DATA PMY1/ ’ ‘
1 0.022s 0.098y 0.187y 0.2655 0.328y 03899 0.443, 0.478, 0.493,
2 0.478¢ 0447 0e41lly 0.365¢ 0.307y 0.2354 0.1659 0.097y 0.043,
3-0.0079y-0.03853-0.057y-0.0644-0,057,-0.025, 0,032, 0,120, 0,211,
0-285’ 0.340' 0.372’ 0.393’ 0.406’ 00[910, 00401' 00370' 003201
0.260y 0.201y 0.1434 0.090y 0.043, 0.0074,-0.012,-0.007, 0.025,
0.059y 0.094y 0.123, 0,153y 0.182, 0.209, 0.238, 0.263, 0.288, .
0.300+ 0.306y 0301y 0.288y 0.271y 0.249, 0.220, 0.189, 0.161,
0.150, 0.151y 0.158y 0.161y 0.160, 0.155, 0.153, 0.150, 0.151,
0.154¢ 0.157y 0.1655 0.1T4y 0,191y 04212, 04242, 0.276y 0.297,
0.3095 04314y 04312y 0.304y 0.290, 0.271y 0.246y 0.214y 0.175/
DATYA PMY2/
0.1325 0.092y 0.068y 0.060y 0.067, 0.083, 0.104, 0,128, 0.160,
0.2005 0.248¢ 02295y 0.329y 0.356y 0.3765s 0.3885 0,387y 0.375,
0.349y 0.307y 0.251y 0.193y 0.139, 0.091, 0.046, 0.0089y—0.020,
0.005¢ 0,041y 0.078y 04120y 0.168, 0.230y 0.294y 0.353, 0,412,
0.4559 04467y 02459y 0.4369 0.394, 0.339, 0.275, 0.219, 0.168,
0.123y 0.0855 0.060y 0,046y 0,043, 0.049, 0.069, 0.103, 0.153,
0.2269 0.2869 0.334y 0.374y 0.408y 0.434y 0.444y 0.433, 0.399,
0.3499 0.303y 0.259s 0.221y 0,186y 01565 0.131, 0.114y 0.103,
0.098, 0.100y 0.108, 0.124y 0.149, 0.181, 0.215, 0.255, 0.298,
0.330y 0.344y 0.345, 0.337y 0.324, 0.308, 0.291y 0.273, 0.253/
DATA PMX3/
1 0.099y 0.079y 0.056, 0.031y 0.012,-0.001,—0.006,-0.008,-0.002,
2 0.012y 0.,0354 0.055, 0.046, 0.027, 0.008 /

rPOONOCWVH

PODYOVMPWNF
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DATA PMX4 . .. /=04010¢4-0.029 y—0.049,—0.063,~0.066/
DATA PMY3/ . ‘ L

1 0.233, 0.213, 0.194, 0.177, 0.165, 0.157y 0.155, 0.154, 0.152,
2 0.1565 0.163, 0.172, 0.183, 0.195, 0.208 /

DATA PMY4 . -1 04220y 04234y 0.249¢ 0.269, 0.289/
DATA PMXS/ . _ :
1-.056,-.037,—.014,.008,.031,.051'.066'.067'.064§.060,.088.-1199.10
26 3205%9.0084=.02T7¢9—.0569 —e084y=e109¢~21234-21279~.1209-.102

3'-.073,—.033..0109.0529-091,.125'.154|.174'.185p.1861.168'.127..07
47 l00291 .021' .011’ 0115’ .157' 01841 .184' 0166} 0135"01001 .06
53 $=¢025900175¢08391549e2109024194250922389¢2071.16794119+.068,
6.0199=0859~21279—e2119=02429-02259~e1843=0135,=0078,-0027,.026y"
Te 086,.150,.214..261,.270..256'.220..177..143,.114'.071,.015, .015'
8-.042,-.0814-.125/ .

DATA PMY5/ .
1.3029.3089.308903029229010276522609024590231942169.2029.1839.166,
2e1574¢1569.161,.172, e19790233902659¢2899¢3109.3309.3509.370¢

3e3869e392503869e3679e3379¢3029¢260902129¢16T941349.1159.1054.104,
490114901349016810216902739¢3339e3849e419904499.4659.4639.4364.391,
5.341’9303'.252’.196’.148'0112'0080100459001710020'005210097,.1‘9,
6.20490270'0340'o389|.443..418..682'.468’o444'o409’0331'o27610236'
Telb09el66901229e0709400339.0309¢0539.1099.174/
A=(DT-0.36203861D5)%0.54758185D-1
L=A+1.0.

IF(L.LT.2)GOTO901

IF(L.GT.284) GO TO 901

TL=L. ¢,

AN=A+1 .0,—TL

B=AN*‘AN’1.0,,4.0

D0101=1,2

DELO=PM(L,1)-PM{L-1,1)
DEL1=PM(L+1l,y1)-PM(L,I)
DEL2=PM(L+2451)-PM(L+1,1])

PMT(1)= PH(L'I)*AN*DELI*B*(DELZ-DELO)

10 CONTINUE

XPM=PMT(1)
YPM=PMT(2]) .
RETURN

901 WRITE(6,9001)

9001 FORMAT(T2HOTABLES OF POLAR MOTION COVER ONLY FROM 1958.0 TO 1§72.2

15, PLEASE EXTEND)
sTOP
END
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SUBROUTINE KEPTCE(ORBEL,Z)
CONVERT FROM KEPLERIAN TO CARTESIAN ORBIT ELEMENTS
c (EPOCH POSITION AND VELUCITY VECTORS)

IMPLICIT REAL*8(A~Z)

COMMON /ERDCON/AE ¢ GMyOMGT ¢ XCMyYCMyZCM

DIMENS ION ORBEL(6)42(6)4RXQ(343),Q(3,2)

DATA RHOD/ 57.295779513082/

"A=0RBEL(1)

ECC=0RBEL(2)

INC=0RBEL (3) /RHOD

NODE=ORBEL(4) /RHOD

ARGP=0RBEL({5) /RHOD

M=0RBEL (6) /RHOD

CALL KEPEQ(M,ECC,y1.0D~-12,FE)
CE=DCOSIE)

SE=DSIN(E)

Q{l,1)=A*(CE-ECC)
Q{2,1)=A*DSQRT(1.0-ECC**2)%xSE
Q(3,1)=0.0

N=DSQRT(GM/A*%x3)
FACTOR=N*A/(1.0-ECC¥CE)
Q{1+2)=—SE*FACTOR
0(202)oDSQRT(l-O—ECC‘*Z)'CE*FACTOR
Q(3,2)=0.0

CN=DCOS (NGDE)

SN=DSIN(NODE)

CW=DCOS{ARGP)

SW=DSIN(ARGP)

CI=DCOS (INC)

SI=DSINCINC)

RXQ{1s 1) =CN*CH~SN*CI*SW
RXQ(1,92)=—CN®SHW-SN*CI*CW
RXQ{1,3)=SN*S1

RXQ{251)= SNE*CW+SWECN*CI]
RXQ(292)==SNESW+CWECN*C]
RXQ(293)=—CN#*S1

RXQ(3492)=CW*SI

RX0¢(341)=SwW%S1

RXQ(3,3)=CI -

CALL DGMPRD(RXQsQ(191)4Z(1)+393,1)
CALL DG"PRD(RXQ,Q(IvZ)vZ(4)9393'1)
RETURN -

END -
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SUBROUTINE KEPEQ(MyEC,CONV,E)
IMPLICIT REAL*8(A-HyK-Z)
E=M+ECHDSINIM)
DO 10 I=1,50
DELE=(K-E+EC*DSINCE) )/ (1.0-EC#DCOS(ED)
E=E+DELE
IF(DABS (DELE).LT.CONV) GO T020 - .
10 CONTINUE - - .
WRITE(6,100)
100 FORMAT (52HKEPLERS EQUATION FAILS TO CONVERGE IN .50 ITERATIONS )
20 RETURN :
END
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(s X s NaNaNaNeNel

SUBROUTINE ORBITINFLG,TONSTENSALFIZXIN)
IMPLICIT REAL*8(A-H4,0~2) .
DIMENSION
1 XPO‘IO)9YP0|10).ZPO(IO’,UHT(ZZQ)pVHT(224)1UVH(180)'XIN(6)
2sCNMI15) ¢ SNM{15) yCTT{15) 4CTB{L15),LCT(6),ICT(B) yXM(6)
DIMENSION CMC(3),CMI(3)
CDMHUN/ORBPAR/TZEySTEP.ALF,OHG,EPSpCUD.CUVpCUTpXMnXPO’YPD'ZPO,UVH
1:CMC
COMMON/ERDCON/ERD] o XMUI yOMGI o XCMy YCM,ZCM
EQUIVALENCE (CMI (1) 4XCM)
VALUES OF SPHERICAL HARMONIC COEFFICIENTS FROM SAD 1969 STANDARD EAR‘H
C20.5 FIELD SAOD 1969
DATA CNM/1.0D07y0.000,=+1082628D-02,0.25380D-05,0.159300-05,2%0. 001
1 0.21276D-54=.502700-0690,15575D-059.30469D0-06,.,73844D-07,
2 «95T700D0~079.59130D0-079~.16838D-08/
DATA SNM/T7%0.000,.28099D~06y—+46263D~06,=.880520-06,—.21678D-06,
1 e15794D~064 +.19946D-064—.924330-08,.71686D-08/
ARRAYS OF CONSTANT DEPENDING ON DEGREE AT WHICH GRAVITY FIELD IS TRUNCATED
DATA LCT/5494939291,0/
DATA CTT/~2.0D09y~4.0D0y—-6.0D0,-8. 000'“10o000"2-000,-4o000'
1 =6.0D04~8.0D09=2+0D0¢=%¢0009=6.0D04~2.0D0y~4.0009,-2.0D0/
DATA CTB/2.0D096.0D0412.0D0920.000930.00042.00046.000412.000,
1 20.0D0,2. 000'6.000912 000.2.000.6.000,2.000/
CNM{2) =2CM/ERDI
CNM(6) =XCM/ERDI
SNM{6)=YCM/ERDI
USE THIS VALUE FOR COMPARSION PURPOSES ONLY
CNM(5)=0.15903E-05
" KFLG=1
NTE=S
NHT=0
KRG =0
KDR=0
KV=0
KT=10
KTR=KT S . .
NFLG=0 MEANS TO COMPUTE THE CONDITIONS AT TEN FROM TON AND
RETURN THE NEW POSITION AND VELOCITY ELEMENTS IN XIN
NFLG=1 MEANS TO UPDATE THE ORBIT FROM TON TO TEN IF NECESSARY AND TO
INITIALIZE THE SERIES COEFFICIENTS AT TON
NFLG=2 INDICATES THAT THE EXPANSIONS ALREADY EXIST FOR THIS ORBIT,
BUT THE ORBIT IS TO BE INTEGRATED UP TO TEN AND NEW EXPANSIONS
FORMED ABOUT THAT POINT
IFINFLG-1) 150,120,240

120 0C 130 1=1,36
130 UVM(1)=0.0

DO 140 1=1,9,4
UVM{I+27)=1.0

140 UVMII)=1.0
150 CONTINUE

c

10 CONTINUE

COMPUTE CONONICAL“UNITS AND INITIALIZE CONSTANTS

CUH-XIN(I)*XIN(I)+X1N(2)*XIN(2)+XIN(3)*XIN(3)
CUD=DSQRT (CUM)

CUM=CUM*CUD .

CUT=DSQRT(CUM/XMUI)

Ccuv=Cubn/CcuT
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c

c

180
200

220

356

240

250

ERD=ERDI/CUD -
XHU=1.0
ALF=ALFI
- OMG=0MGI*CUT
EPS=0,04/CUD
XPO(1)=XIN(1)/CUD
YPO(1)=XIN(2Z)/CUD
ZPO (1) =XIN(3)/CUD
XP0(2)=XIN{(4)}/CUV
YPO(2) =XIN(5)/CUVY
IPOL2)=XIN(6)/CUY
TIN=TON/CUT
TFI=TEN/CUT
D0 180 I=1,3
CMC(1I)=CMI(I}/CUD
CONTINUE
TZE=TIN
DELTszI-TZE
IF(DABS(DELT).GT.0.0) GO TO 220
KFLG=2 )
IF(NFLG.NE.C) GO TO 220
SET UP RETURN FOR NFLG=0
XIN(1)=XPO(1)*CUD
XIN(2)=YPO(1)%CUD
XIN(3)=ZP0O(1)*CUD
XINE&)=XPO(2)*CUV
XIN(5)=YPOLl2) *CUY
XIN(6)=2P0t2)%CUV
RETURN
- CONTINUE
KEY=KXFLG '
CALL EXPAND . (XPO,YPOyZPUOoCNMySNM,LCTo ICT ,UMT,VMT,CTBCTT
l'ERD.XHUpALF.O"G.ECC’NTE'KTR KDRyNHT3COC yCTWoKEY s DMT KRG ,CMC)
ICN=1
CALL UPDATE (ICN.KTR:EPS-STEP.XPO.YPO.IPO,XH(I)'XHCB)oXH(S))
IFI(KFLG.NE.2) GO TO 250 ’
CALL VARIEQ(XPOQYPO'ZPO'CNH'SNN’LCTQlCT'U"T'VHTQUV"’ERDQALF.OHG'CD
1CsCTHyNTEKTRyKDR)
WRITE( 69356) TF!QSTEPQALFQOHG’EPS'CUDQCUVQCUT'XPD,YPOQZPUQUVM
FURHAY‘Z‘4EZO.12/’96(5520 12/7)+30(6E20.12/))
RETURN
ENTER HERE WITH NFLG=2
TIN=TON :
TFI=TEN
- TZE=TIN
DELT=TFI-TZE

INTEGRATE ORBIT - /
DEL=DELY

IF(DABSUDELT) .GT,.STEP) DEL~DSIGN(STEP.DELT)

ICN=2

CALL UPDATE(ICN,KTRyEPS,DELyXPO,YPO,ZPO,XM( 1)y XM(3) ,XM(5))
TIN=TIN+DEL :

ALF=ALF+DEL®OMG

WRITE(6,5356) TIN’DEL’ALF'O"G'EPS’CUD'CUV CUT,XPO.VPO,ZPO.XH
XPO(1)=XM{1) :

YPO(1)=XM{3)

ZPO(1) =XM(5)
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XPO(2)=XM{(2)
YPO(2)=XM{4)
2P0 (2) =XM(6)
60 TO0 200
END
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O 00000

10

SUBROUTINECLEAR(A¢N)
IMPLICITREAL®B(A-H,0-1)

FILL A ARRAY WITH FLOATING POINT ZEROES.

DIMENSIONA(1)

D010J=1,N
A{J)=0.
RETURN
END



50
51

SUBROUTINE DRIVER {NNyTMyGHyDT »XOT,VEM)

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION XOT(1),VEM(1)

DIMENSION XM(6),XPO(10},YPO(10),ZPO(10),UVM{180)

DIMENSION AMT(36)

COMMON /ORBPAR/TEP sDLTsALF sOMG ¢ EPS4CUDCUV,CUT 4 XMy XPO,YPO»ZPOyUVM,

1 CMC(3)

TOT=TM/CUT

DEL=TOT-TEP

NFLG=1

IFIDABS(DEL) .LT.DLT) GO TO 67

TIME FROM T ZERQ IS TQO. LARGE FOR CONVERGENCE OF SERIES
INCREMENT T ZERO BY ONE STEP

67

68

69

100

70

80

DEL=DS IGN(DLT,DEL)
NFLG=2

CONTINUE

KTR=9

CALL MATRUP(KTRyDELUVM,AMT)
IFINFLG.EQ.1) GO TO 69
DO 68 1I=1,36
UVM(TI)=AMT(I)

TON=TEP

TEN=TEP+DEL

ALFI=ALF

CALL ORBIT(NFLGyTONy TENsALFIXOT)
GO0 T0 51

CONTINUE
GH=ALF+DEL*0OMG

KTR=10

ICN=2

FORMAT(6E18.5) -

CALL UPDATE (ICN,KTRyEPSyDEL4XPOyYPO,ZP0sXM(1) ¢XM(3),XM(5))
XOT (1) =XM(1)*CUD
XOT(2)=XM(3)*CUD
XO0T(3)=XM(5)*CUD
XO0T{4)=XM{2)*CUV
XOT{5)=XM(4)*CUV
XOT{6)=XM(6)*CUV

J=10

K=19

DO 70 I=1,9
VEM(J)}=AMT (1)
VEM(K)=AMT(J)*CUT
VEM{I)=-VEM(J)

J=J+l

K=K+1

CONTINUE

DO 80 I=1,9,%
VEM({I)=VEM(I)+1.0
RETURN

END .
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SUBROUTINEUPDATE (ICNsKTRyEPS,DELyXPO,YPO,ZP0,X0T,YOT,20T)
IMPLICITREAL®*8(A-H,0-Z)
DIMENSIONXPO(1),YPGI1),ZP0O(1)X0OT(1),YOT(1),Z0T(1)

ICN=1 -~ COMPUTE STEP (DEL) KTR — NUMBER OF TERMS TQ USE
ICN=2 — INTERGRATE POS.,VEL. . EPS — TRUNCATION ERROR LIMIT
ICN=3 ~ DO BOTH TOGETHER "DEL - VALID STEP SIZE
INITIAL AND FINAL ADDRESSES FOR X,YyZ MAY BE SYNONYMOUS.
KA=KTR
KB=ICN-2
IF({KB)10,20410

10 CONTINUE

SCALE DATA TO REMAIN IN COMPUTER RANGE
B=1.0
A=DSQRT{ (B*XPO(KA) ) =22+ (B3YPO(KA) ) *%2+ (B*ZPO(KA) ) *¥2)
A=DLOG ({B*EPS)/A)
B=KA~1
DEL=DEXP(A/B)
IF(K8)40,20,20

20 XPI=XPO(KA)
YPI=YPO(KA)
ZP1=ZPO(KA)
KA=KA~-1
KB=KA
A=KA
XVI=XPI*A
YVI=YP1*A
ZVI=ZIPI*A
DT=DEL
DO30I=2,KB
XPI=XP1%DT+XPO(KA)
YPI=YPI*DT+YPO(KA)
ZPI=ZP1*DT+2ZPO(KA)
A=KA-1
XVI=XVI®DT+A*XPO(KA)
YVI=YVI*DT+AXYPO(KA)
ZVI=ZVI*DT+A%ZPO(KA)
KA=KA~-1

30 CONTINUE
XOT(1)=XPI+DT+XPO(1)
YOT(1)=YPI*DT+YPO(1)
20T (1) =ZP1%DT+2P0(1)
X0T(2)=XVI1
YOT(2)=YVI
20T(2)=2Vvi

40 RETURN
END
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SUBROUTINEMATRUP(KTRyDELyUVM,TAR)
IMPLICITREAL®B(A-H,0~2)
DIMENS IONTAR{36),UVM(1}),UVO(1)
C SUBROUTINE TO UPDATE THE MATRIZANT WITH RESPECT TO TIME (DEL).
c A .
C
L=KTR
N=18%{L~1)+1
DO10I=1,18
TAR(1) =UVM{N)
TAR(1+18)=0.0
10 N=N+l
D0201=2,L
N=18%(L-1)+1
M=N+18
TM=L-I+1
DO20K=1,18
TAR(K) =DEL*TAR(K) +UVM(N)}
TAR(K+18)=DEL*TAR(K+18)+TM*UVM( M)
N=N+1
M=M+1
20 CONTINUE
RETURN
END
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SUBROUTINE ROT3(ANG,X)
IMPLICIT REAL*8(A-H,0-2Z)
DIMENSION X{3),XX(3)

‘COS=DCOS(ANG)

SIN=DSIN(ANG) .
XX{1)y=COS*X (L) +SIN*X(2)
XX(2)==SIN*X{(1)+COS*X(2)
00 100 I=1,2

X(1)=xx(1)

RETURN

END
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SUBROUTINE ORBRN

C FORM REDUCED NORMAL EQUATIONS FOR UP TO 40 STATIONS
FOR SHORT ARC MODE PROCESSING

C

AOOOOOOOOOOO00O00

o0

IMPLICIT REAL*8{A-~-H,0-1)

COMMON/NSTA/NSTA

INTEGER*2 PCODE(20)

COMMON /PCODES/PCODE

COMMON/WPW /WPH 4 XPU s IDEGF o IFSTA

INTEGER CONTIN,ENDSIG/1HE/
COMMON/STAORD/KORDER (150)

COMMON /NORMEQ/REDN(3,3,820) yU(3,40),L(820),LSOLVE
DIMENSION BN(3,16,15),DUMMY(3,3,40),DDN(16+16) ,DDK(16),BNDDN1(3,
1 16),DDK3(3)

INTEGER*2 LoLSOLVE+LG{40)+IDAY, IYRKSTATO(15]})

DIMENS ION ORBNAM(G)
EQUIVALENCE(BN(L4s1+1),0UMMY(1,1,1)),(DDK3(1),DDK(1))
LOC(K) =(K*{K+1))/2

MAXSTA=40

IFINSTA.GT.MAXSTA)} GO TO' 901

THE REDUCED NORMAL EQUATIONS ARE STORED AS 3 X 3 BLCCKS IN THE ARRAY REDN.
ONLY THE UPPER TRIANGULAR PART OF THE REDUCED NORMAL EQUATIONS IS STORED.

L{820) IS THE GUIDE MATRIX

L=

THE BLOCKS OF THE REDUCED NORMAL EQUATIONS ARE NUMBERED
ACCORDING TO THE FOLLOWING SCHEME:

1 2 4
3 5
6

OO~
—
w

1
15 ET CETERA

1 SIGNIFIES A NON ZERD BLOCK

L=0 SIGNIFIES A ZERO BLOCK

99
100

"REWIND 1

REWIND 2
IB=LOC(NSTA)

DG 100 JB=1,I18
‘DO 99 I=1,3

DO 99 J=1,3
REDN(1+J4JB)=0.0
L{JB)=0

READ (2) DUMMY,U

STASH ODIAGONAL BLOCKS

108
110

DO 110 KSTA=1,NSTA

18 =LOCI(KSTA}

DO 108 I=1,3

DQ 108 J=1,3

REDN(I +JsIB)=DUMMY (1,J,KSTA)
CONTINUE

IF(PCODE(14).EQ.Q0) GO TO 130
READ(2) DUMMY

NN=NSTA-1

IB=LOC {NN)

DO 120 KSTA=]1,4NN

-130-



NB=IB+KSTA
DO 120 I=1,3
DO 120 J=1,3
120 REDN(I,J,NB)=DUMMY (I,J,KSTA)
130 CONTINUE
c
FDEGF= IDEGF
IF{PCODE(9).EQ.1) WRITE(T,7010) FDEGF,NPH
7010 FORMAT(16X12F16.6)
C  READ BLOCKS FROM EACH ORBIT AND REDUCE NORMAL EQUATIONS.
c _ :
150 READ (1) IORB,NORB,ORBNAM,IDAY,MONTH,IYR s IH ,MINyESEC+EPOCHSCONTIN
C IF END OF DATA, GO OUT OF LOCP
IF(CONTIN.EQ.ENDSIG) GO TO 400
READ (1) DDNsDDK,BN
READ (1) NUTORB¢NSTATO,NEMUNK,KSTATO
DO 180 IS=1,NSTATO
ISTA=KSTATO(IS)
C  GET BN * DON(INVERSE)
DO 160 I=1,3
DO 160 J=1,NUTORB
BNDONI (1,4J)=0.0
DO 160 K=1,NUTORB,
160 BNDDNI (I4J)=BNDDNI(I4J)+BN(I¢KyIS)SDON(KsJ)
DO 165 I=1,3
DO 165 K=1,NUTORS
165 U(I.ISTA)'U(l'lSTA)-BNDDNl(lok)*DDK(K)
DO 180 JS=1,NSTATO
JSTA=KSTATO(JS)
SKIP IF (ISTA.GT.JSTA), SINCE ONLY THE UPPER TRIANGULAR PART OF THE
REDUCED: NORMAL EQUATIONS 1S BEING COMPUTED AND SAVED.
IF(ISTA.GT.JSTA) GO TO 180
NB=LOC (JSTA-1)+ISTA
DO 170 I=1,3
DO 170 J=1,3
DO 170 K=1,NUTORB
170 REON(I ¢JoNB)=REDN(1,J4NB)-BNDDNI(1,K)*BN(J.K;JS)
LINB)=L(NB}+1
180 CONTINUE
RETURN TO PROCESS ANOTHER PASS
GO TO 150

o0

ENTER HERE WHEN ALL PASSES HAVE BEEN PRDCESSED
400 CONTINUE

SIMULATE KRAKINSKI'S GUIDE MATRIX
IF(PCOOE(6) .NE.1) GO TO 441

OO0 OO0 o

WRITE(6,6001)
6001 FORMAT (1H1,10(/),20X, *GUIDE MATRIX®)
D0 440 ISTA=1,NSTA
18=0
LG(1)=1000
D0 435 JSTA=ISTA,NSTA
JB=LOC(JSTA-1)+ISTA
IF(L(JB).EQ.0) GO TO 435
18=1B+1
LG(I8)=KORDER (JSTA)
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435

439
6002
440
441

c

CONTINUE

-18=18+1

IF(IB.GT.1) LG(IB)=999

WRITE(656002) KORDER(ISTA),(LG(I),I=1,I1B8)
FORMAT(20X51555X;18155,200(/30X,1815))
CONTINUE

CONTINUE

C PRINT NORMALS IN ASD FORMAT,AND PUNCH IF DESIRED,

6003

442

WRITE(6,6003)

FORMAT(1HL//® NORMAL EQUATIONS {(SEE GUIDE MATRIX)}*//)
DO 450 ISTA=1,NSTA

00 442 1I=1,3

DOK(I}=-Ul1,1STA)

IB=0

JB=LOCLISTA)

IF(L(JB) .GT.0) IB=1

c PUNCH NORMALS

7001
7006
7008

c
443

IF{PCODE(9).NE.1) GO TO 443

WRITE(T,7001) KORDER(ISTA)

FORMAT(1415)

WRITE(7,7006) DDK3

FORMAT{3(F16.1045X))

WRITE(797008) ((REDN(I3J9JB)9J=193)y1=1,3)
FORMAT(3F16.10/3F16.10/3F16.10)

CONTINUE

c PRINT DIAGONAL BLOCK

6004
6006

6008
444

IF(PCODE(7).NE.1}) GO TO 444

WRITE(6,6004) KORDER(ISTA)

FORMAT(//15)

WRITVE(6,6006) DDK3

FORMAT(/3(F16.10,5X)) )
WRITE(646008) ((REDN(I3JyJB)yJ=143)e1=1,3)
FORMAT(3F16.10) '

CONTINUE

C PRINT OFF-DIAGONAL BLOCKS

KSTA=ISTA+1

- IF(ISTA.EQ.NSTA) GO TO 448

T445

445
448

450

DO 445 JSTA=KSTA,NSTA

JB=LOC (JSTA-1)+ISTA

IF(L{JB).EQ.O0) GO TO 445

18=18+1

IF(PCODE(9).NE.1) GO TO 7445

WRITE(7,7001) KORDER(JSTA)

WRITE(7,7008) ((REON(IsdsJB)sJ=143),1=1,3) .
CONTINUE o :
IF(PCODE(7).NE.1) GO TO 445

WRITE(6,6004) KORDER(JISTA)

WRITE(646008) {(REDN(I,35JB) yJ=143),1=1,3)
CONTINUE

1=1000

IF(IB.GT.0) 1=999

IF(PCODE(7).EQ.1) WRITE(6,6004) 1
IF(PCODE(9).EQ.1) WRITE(7,7001) I

CONTINUE

IF(PCODE(8) .NE.1) GO TO 478

-132-



WRITE(6,6010)

6010 FORMAT(10(/),20X,"OBSERVATIONS ON EACH LINE®)

IB=NSTA-1

DO 475 ISTA=1,18

KSTA=1STA+1 .

DO 475 JSTA=KSTA,NSTA

WRITE(6,6011) KORDER(ISTA),KORDER(JSTA)sL(LOCIISTA=1)+ISTA)

" 6011 FORMAT(8110)
475 CONTINUE .
478 CONTINUE

RETURN

901 CONTINUE

WRITE(699001) MAXSTA,NSTA

9001 FORMAT(® FORMRN - IS PRESENTLY DIHENSIONED TD HANDLE ONLY*,15,

1° UNKNOWN STATIONS.'/20X,® THIS PROBLEM HAS® 4I5,° UNKNOWN STAT
2 IONS.* /10X, *EXECUTION IS TERMINATED 8Y PROGRAM.®) '
STOP
END
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SUBROUTINE PORB
c PRINT UPDATED ORBIT ELEMENTS AND ERROR MODEL TERMS
IMPLICIT REAL®B(A-H,0~1)
COMMON/NSTA/NSTA _
COMMON /WPH/WPW 4 XPU 5 IDEGF s NFSTA
INTEGER*2 PCODE(20)
COMMON/PCODES /PCODE
INTEGER STANAM, IDS*2
COMMON/STALOC /STAUVH(3,150) yDATPRM(2,15) ,DATNAN(4,15),
1STANAM(5,150),1D5(150)
COMMON /STAORD/KORDER (150)
OIMENSION DX(3,40)y DDN{(16416),0DK{16) yBN(3516,15) yDDKM(16)
INTEGER CONTIN,ENDSIG/1HE/
INTEGER*2 LFLG(#O).KSTATO(IS),HODEL(IO,Z)'IGUIDE(IOvZ)
INTEGER*2 IDAY,IYR
DIMENSION ENODEL(IO'Z)90RBNAH(6)oORBUNK(lb)'DB(lb)
DIMENSION COVX(3,3)
INTEGER#*4 MODALF(3,2)
DATA MODALF/'ZERO®,* SET?,* *o?REFR*y*ACTI®y°ON */
REWIND 1
REWIND 2
REWIND 4
MAXUNK =16
WRITE(646001)
6001 FORMAT(L1H1,///7//10Xs*CORRECTIONS TO ORBIT AND ERROR MODEL UNKNOWNS
1)
c SKIP HEADER RECORD ON 2
' READ(2)
c GET. CORRECTIONS AT EACH STATION
D0 120 ISTA=1,NSTA
120 READ(2)(DOX(I4ISTA)I=1+3),C0VX
v REWIND 2
C BEGIN PROCESSING PASSES
150 CONTINUE
C READ ORBIT HEADER
READ (1) lORB,NDRB.ORBNAH'lDAY,HDNTH.lYR.alHleESEC.EPDCH'CONTIN
IFUCONTIN.EQ.ENDSIG) GO TO T00
READ (1) DDN,DDK¢BN
Cc GET PREVIOUS SET OF UNKNOWNS
READ (1) NUTORBNSTATO,NEMUNK,KSTATO,LFLG,sORBUNKy EMODEL y MODEL »
1 IGUIDE
WRITE(6,6002) NORB yORBNAM, IDAY, MONTHs IYRy IHyMIN,ESEC » EPOCH
6002 FORMAT(////77/7772XsAG93X96A89" EPOCH="3I39A391Xs2139'H*,13,°M°,
1 FBe4y *S UT=MJD®4F17.9) .
COPY DDK INTO DDKM
D0 170 I=1,MAXUNK
170 DDKM{TI)}=DDK{I}
D0 180 IS=1,+NSTATO
ISTA=KSTATO(IS)
DO 180 I=1,NUTORSB
DO 180 J=1,3
180 DOKM(I )=DDKM(I)—=BN(JoI,IS)*DX(J,ISTA)
CALL DGMPRD(DDN,DDKMyDBy MAXUNK ¢y MAXUNK 1)
WRITEL6,6003) (DB{1},1=1,NUTORB)
6003 FORMAT (' CORRECTION VECTOR®,100(/6F20.8))
c UPDATE ORBIT AND ERROR MODEL UNKNOWNS
DO 210 I=1,NUTORB
210 ORBUNK(I)=0RBUNK(I)+DB(I)
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c PRINT UPDATED ELEMENTS
WRITE(646004) (ORBUNK(I)yI=146)
6004 FORMAT('O UPDATED ORBIT ELEMENTS IN APPARENT SIDEREAL CARTESIAN
1 COORDINATES®/5X, *POSITION(METERS) *44Xy3F16.37
1  5Xs°*VELOCITY(METERS/SEC)®,3F16.6)
IF(PCODE(15) .EQ.0) GO TQ 220
c PUNCH UPDATED ORBIT ELEMENTS.
WRITE{7,7001) NORB,ORBNAM
7001 FORMAT(A4,6A8)
WRITE(T,7002) (ORBUNK(I),I= l'b)
7002 FORMAT(3F15.3/3F15.6)
220 CONTINUE
IF(NEMUNK.EQ.0) 60 TO 230
WRITE(646005)
5005 FORMAT('0 UPDATED VALUE OF ERROR MODEL UNKNOWNS®')
DO 229 1=1,NEMUNK
MODCOD=MODEL(141)
KSTA=MODEL(1,2)
229 WRITE(6,6006) (MODALF(J,MODCOD) »J=1,3),KORDER{KSTA),(STANAR(J,KSTA
1) 4J=195)y0RBUNK(I+6)
6006 FORMAT(5Xy3A4s*FOR STATION®y1652X95A492Xe*="4F15.3)
230 CONTINUE
c UPDATE PASS RECORD ON UNIT 4
HRITE(4)ORBUNK,NSTAT0'LFLGoKSTATOvNEMUNK'EHODEL1HODELpIGUIDE
1 , NUTORB
C RETURN TO PROCESS ANOTHER PASS
GO TO 150
C
C ENTER HERE WHEN ALL PASSES HAVE BEEN PROCESSED
700 CONTINUE
REWIND 1
REWIND 4
IF{PCODE(14) .EQ.O) GO TO 730
Cc UPDATE COORDINATES OF CENTER OF MASS
DO 710 I=1,3
T10 STAWN(INSTA)=STAUVH(I,NSTA)+DX{I,NSTA)
WRITE(646007) (STAUVH{I,NSTA)1=1,3),COVX
6007 FORMAT(////5X,*UPDATED COORDINATES OF THE CENTER OF MASS'/
1 5Xy3F15.3//75X,*WEIGHT COEFFICIENT MATRIX®*/3{5X,3F15.3/7))
(o RESET NSTA TO ACTUAL NUMBER OF GROUND OBSERVING STATIONS
NSTA=NSTA-1
730 CONTINUE
RETURN
END
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FUNCTIGNMJD(DATE ,MONTH,YEAR)
COMPUTATION OF MODIFIED JULIAN DAY
: INTEGER*2 DATE,YEAR
DIMENS IONMONTHS(2,12)
DAT AMONTHS /3HJAN 10 s 3HFEB » 315 3HMAR 59 s 3HAP Ry 905 3HMAY; 1205 3HJUN, 1514
13HJUL s 181y 3HAUG 4 2129 3HSEP 243 9 3HOC Ty 2734 3HNOV ¢ 304 ¢ 3HDEC ¢ 334/
10=365%(YEAR=-50) + (YEAR—49) /4
D0201=1,12
IF(MONTH.EQ.MONTHS (1,1))GOT025
20 CONTINUE
IF(MONTH.LE.12) GO TO 21
WRITE(6,6001) MONTH
6001 FORMAT(3X,22HMONTH NAME MISPELLED ,A3)
sToP
21 I=MONTH
MONTH=MONTHS (1, 1)
25 CONTINUE
ID=ID+MONTHS(2,1)
IF(MOD(YEAR*1,4) .EQ.0.AND.1.GT.2) ID=ID+1
MJD=ID+DATE+33281
RETURN
END
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DOUBLE PRECISION FUNCTION GSTD(1)

COMPUTATION OF GREENWICH SIDEREAL TIME

- DOUBLEPRECISIONT 4 DGST
REAL%*8 PI12/6.28318530717958/
D6ST=0.277987616D0+1.0027376811910%(T1—0.33282D5)

C  LINEAR TERM COEFFICIENT SHUULD BE 1.002737511906 B8Y A.E. SUPP.
DGST=DGST~DBLE(FLOAT(IDINT(DGST))) .
 GSTO=DGST*P12

RETURN )
"END

[
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SUBROUTINEPRENUT(DT,PAN)

COMPUTATION OF PRECESSION AND NUTATIUN SINCE 1950.0

C

C .

C

C

THE DIFFERENCE BETWEEN MODIFIED AND TRUG: SIDEREAL
TIME
DT IS MODIFIED JULIAN DATE OF EPUCH

IMPLICIT REAL*8(A-H,0-Z)

DIMENS ION FUNARG(5)

REAL*4 COEFF{5,13) 74%0.0,41. 0.4*0.0-2 Gy 2%0. 092.0.—2.0
1920090e091.04420.0110092e09=2.0920090e03~1e09209~2.092.05220.0,524
209-2e0910092%0209220900092e0910096%0,032.090.092%1.090.092.050.092
3e031e092%0605-2.050.09=12090a042.090.042.07/ : :

REAL*4 TCOEF(2,13) /-172327.0.—173.7'2088.0. «29y~12729
1009716391261 e09=3219-49T7009122921%e09-0259124.090019-2037.09-0.246
275009001 9=342.03-0e%9=261e09y0.09=149,040.05114.0,0.0/

REAL%®E8 FUNCOF(3,5) 1822512800935 .362916456847160-1,19
113665.0D0-209 9957662037049 .27377785192790-2+-31233.0D0-209.031252469
2149+.0367481956916884-668609.0D0-2049 97427079475 9.033863192198393 -2
399(23. 00—20..7199535#167,—0.1470942283520—3'432630.00—20/

DATARPS /4. Bk&l36&D—ol,IPll6 283185307179%8/ ) :

COSE=0.91739033

NTERMS=13

BT=DT-15019.5
‘BT2=8T#*8T

TT=BT1/36525.0

DO50I=145 .

FARG=FUNCOF (1, 1)+FUNCOF(2,1)*BT+FUNCOF(3,1)%BTZ

50 FUNARG(I) (FARG—DBLE(FLOAT(lDlNT(FARG))))*TPI b

DLONG=0.0
DOB0I=1,NTERMS
ARG=0.0
DO60J=1,5

60 ARG=ARG+COEFF(J41)*FUNARG(J)

TERH-(ICOEF(1,l)*TCUEF(Z.I)*TT)*DSIN(ARG)
DLONG=DLONG+TERM

80 CONTINUE

DMU=DLONG*COSE*(.0001

COMPUTE PRECESSION SINCE 1950.0 # KAPPA & CMEGA
BY=(DT-0.33281923D5) /365.2422D0
PRECES=(46.0990+1.39E—4*BY) *BY
PAN=(PRECES+DMU) *RPS
RETURN
END
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SUBROUTINEUV WD (A 98 3PH Iy LAMDA JH 4Uy VoW )
DOUBLE PRECISION VERSION OF UVW JAN 5, 1968
DOUBLEPRECISIONPHI ;LAMDA Ny E23FACy Uy Vo Wy SP
REAL*8 A,ByH

E2=1.0-(B/A) *%2

SP=DSIN(PHI)’ )
N=A/DSQRT(1.0-E2%SP*SP)

' FAC=(N+H) *DCOS (PHI )

U=FACSDCOS(LAMDA) -

V=FAC*DSIN(LAMDA)

W=(N%(1.0-E2)+H) %SP

RETURN S

END
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- SUBROUTINE DEDIT
IMPLICIT REAL*8(A-H,0-2)
COHHONIDEDITCIALFS(SO),DEC(SO)9U(3'50),5(3)gD(50),SDC(3gSO).SUH.
1GASToSTAXYZ(3+450)+6Ql,
ZTD.KSTATE(SO)'IPASS(SO).NSTE,NSUSED,KODE
EDIT DATA BASED ON PRELIMINARY STATION POSITIONS AND DELETE BAD
OBSERVATIONS AND BAD EVENTS,BASED ON THE DISTANCE CRITERION TD
THIS SUBROUTINE IS DIMENSION FOR A MAXIMUM OF MAXSTE=50 STATIONS
PARTICIPATING IN ANY ONE EVENT. ALL AFFECTED ARRAYS ARE IN
COMMON BLOCK /DEDITC/. :

THE NUMBER 0# STATIONS PARTICIPATING IN THE EVENT 1S NSTE.
THE NUMBER OF STATIONS NOT DELETED IS NSUSED.

COMMON/STALOC/STAUVW(3,150) . _
DIMENSION Q(34+3)sRHS(3},Q1(3,3),VI(3)

MAXSTE=50
INITIALIZE
KODE=1
DO 110 IS=14NSTE
110 IPASS(IS)=1
IPASS=1 MEANS THIS DIRECTION OK
IPASS=2 MEANS THIS DIRECTION DELETVED FROM EVENT

FORM UNIT VECTORS FOR ALL DIRECTIONS lN THIS EVENT
DO 125 IS=1,NSTE
STS=ALFS{IS)-GAST
CA=DCOS(STS)
SA=DSINISTS)
CD=DCOS(DEC(IS))
SD=DSIN(DEC(IS))
U(l,1S)=CA*CD
U(2,1S)=SA%*CD
Ut3,1s5)=SD

125 CONTINUE

_INITIALIZE ARRAYS FOR THIS ITERATION

130 CONTINUE
NSUSED=0
DO 140 I=1,3
RHS(1)=0.0
S(1)=0.0 .
D0 140 J=1,3
Q(I,J)=0.0

140 CONTINUE

ACCUMULATE EQUATIONS - - . -
DO 190 1S=1,NSTE '
IFC{IPASS(IS).EQ.2) GO TO 190
NSUSED=NSUSED+1
DO 170 .1=1,3
00 169 J=1,3

169 QI{144)= U(I'IS)*U(J'IS)
170 QI(I,41)=QI(I,1)-1.0
DO 175 I=1,3
DO 175 J=1,3
QUIN)=Q(1,J)+QI{1,4J)
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RHS(I)‘RHS(l)*QI(ng)*STAXYZ(J:lS)
175 CONTINUE
190 CONTINVE

TEST FOR DELETION OF WHOLE EVENY
IE(NSUSED.LT.Z) GO TO 420

INVERT AND  SOLVE ' .
THE SATELLITE POSITION S IS SELECTED IN SUCH A:HAY.THAT THE SUM OF
THE SQUARES OF THE DISTANCES FROM S OF THE NON-DELETED RAYS IS MINIMIZED.
DET=1.0
CALLDMINV(Qy34DET,QI{1,1),QI(1,2))
GQI=DABS(DET/DFLOAT(NSUSED))
IF(GQI.LT.1.00—4%) GO TO 430
CALL DGHPRD(Q.RHS!SQ393!1)

OO0 00

(g Xal

COMPUTE DISTANCE FROM S FOR EACH RAY
ISMAX=0
DMAX=0.0
SUM=0.0
DO 280 IS=1,4NSTE
DO 270 I=1,3
D0 269 J=1,43 .

269 QIUI,J)=U(1,IS)*ULlJyIS)
QI(I,1)=QI(I,4I)-1.0
VItI)=S(1I)-STAXYZ(1,1S)

‘2T0 CONTINUE
DOI=DPDOT(VIsU(151IS),3)
DDI=DABS(DDI)

DI=0.0 .

DO 275 I=1,3
DI=DI+{(VI(1)-DDI*U(I,IS) )*%2
SOC(I,1S)=VI(I])

275 CONTINUE
D(IS)=DSQRT(DI}/DD1%206264.80625
IFC(IPASS(1S).EQ.2) GO TO 280
SUM=SUM+D]

C TEST D AGAINST TD AND DELETE IF NECESSARV
IF(D(IS).LT.DMAX) GO TO 280
DMAX=D(IS)

ISMAX=1S

280 CONTINUE
IF(OMAX.LT.TD) RETURN
IPASS(ISMAX) =2

C GO BACK AND MAKE ANOTHER PASS runoucn THE DATA
G0 TO 130
400 CONTINUE
C DELETE WHOLE EVENT
DO 410 IS=1,NSTE
410 IPASS(IS)=2
NSUSED=0
RET RN
420 CONTINUE
C DELETE FOR INSUFFICIENT GOOD UBSERVATIONS
KODE=2 ,
GO TO 400 -
C DELETE FOR INSUFFICIENT GEOMETRICAL SEPARATION BETWEEN OBSERVATIONS '
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SUBROUTINE RODATA
IMPLICIT REAL*8(A~H,0-Z)
INTEGER®2 PCODE(20) .~ . . = IR b,
COMMON /PCODES/PCODE ‘ I
INTEGER*4 ENDSIGIIHEI.CONTIN'DELCDD(2)/lH ulH*I,ECODE :
INTVEGER#*2 PLUS/1H+/ ' o C
INTEGER®2 1SGNP,IPHID,IPHINsLONGDsLONGMs ISGNL ’
INTEGER*2 [D(50), KEY(SO).IHR(SO),MIN(SO),IDAY(SO)'IYR(SO)glRAH(SO)
1, IRAM(50) o ISGND(50) 4 IDECD{50), IDECM{50), IDAT(50411) -
connoN/oeoer/ALFS(SO).DEC(so).uta.so».s«a).o(so).soc«3.50).svsun.
1GAS T,STAXYZ(3,50),6Ql,
ZTDpKSTATE(SO).KPASS(SO).NSTE,NSUSFD,ECODE

COMMON/NSTA/NSTA

COMMCN /S TAORD/KORDER (150)

INTEGER STANAM, [DS*2

CDHHON/STALOC/STAUVH(3.150),DATPRN(Z,IS).DATNAH(Q.IS).
1STANAM(5,150),1DS(150) .

DIMENSION PM(3,3),AP(2,3) ,

DIMENSION MONTH(50) - '

EQUIVALENCE(ID(1), IDAT(1,1)),(KEY{1),IDAT(1,2)), (IHR(1),1DAT(1,3))
1o (MINCL1) 9 IDAT(194) )9 (IDAY(1)oIDAT(1,5) ), (IYRUL),IDAT(146)),( IRAH(L
2) s IDAT(147) )+ (FRAM{1),IDAT(1,8)), (ISGND(1},1DAT(149)),(IDECD(1),1D
3ATE17100);(TOECM(1), IDATCL,11)) "

DIMENSION SEC(50),RAS(50),DECS{50) , VARRA(50) VARDEC(50)COVRAD(50)
1,DAT(5046)"

EQUIVALENCE(SEC(1)4DAT(141))y(RAS(1),DAT(1,2))4(DECS{1)4DAT(143)),
1(VARRA(1).DAT(1.4)).(VARDEC(l).DArtl.S)).(covaAo(l).oArtl,bh)

CDHHDNIDBSDIDBSD(ISO).DVDBSD

IF(PCODE(1).£Q.1) GO 10 3
lF(PCUDE(l).EQ 7) 60 70 3
RETURN - .

3 MAXSTE=50
P1=3.1415926535800 . .
SPR=206264.80625D0
PI2=2.0%P1
WPWSP=0.0

READ(5,5004) TO,0VOBSD
WRITE(6,6004) TD

5004 FORMAT(F20.2,4F10.2) : : ]
6004 FORMAT(//ZOX.'tEST DISTANCE =%3F20.2,° SECONDS OF ARC!)

WRITE(3) TD

START DATA INPUT
IEVENT=0
KEVENT=0 : . .
EPR=0.0 _ = | _ ‘ '
IS:O ToeochL £ 4 . ..

ENTER HERE FOR A NEW OBSERVATION

200 IS=1S+1

IF(PCODE(1) .£Q.7) GO TO 211
ENTER HERE IF THE OPTICAL DATA 1S IN THE KRAKIWSKY FORMAT

205 CONTINUE

READ(5,1021,END=901) lD(lS).KEY(IS)'lHR(lS).HIN(lS),SEC(IS)v
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C

C

XIDAY(IS), -
LMONTH(IS) yIYR(IS) ¢y IRAR(IS) y IRAMU1S) yRAS(IS), ISGND(1S),IDECD(IS),
2IDECM( 1S) yDECS(IS)VARRA(IS) JVARDEC(IS) 4COVRAD (1S) sCONTIN

1021 FORMAT(I39A1+1Xs12,1I34F9. 4.!2;A3.IZ,2I3.F9.4,A1,12,13'F8 492Xy

13F5.247X4Al)

1022 FORMAT(14Xy1495124F6e491X92124F5. 3,A192124F442926X9A1)

IF(CONTIN.EQ.ENDS1IG) GO TO 250
DDT=0FLOAT(MJD(IDAY{IS) yMONTH(IS) »IYR(IS)))

DDT=DD T+(DFLOAT({ IHR(IS) %60+MIN(IS) ) *%60)+SEC(IS))/864.0D2
IF{1S.LE.1) GO TO 210 .
THIS TEST SHOULD BE TRUE ONLY FOR THE FIRST CARD OF THE FIRST EVENT.

CHECH FOR END OF EVENT, ALLOWING 0.5 MS DISCREPANCY

C
(o
C

C

c
c

IF(DABS(DDT-EPR) «GToO0. 580—8) GO To 250

ENTER HERE TO BEGIN A NEW EVENT

THE FIRST ENTRY OF THE EVENT SHOULD ALHAYS BE MADE WITH IS=1

210 CONTINUE

10D=ID(IS) -

KSTA=KSTAID(IDD)

IF(KSTA.GT.0) GG TC 220 : :
WRITE(646042) lDllS),lHR(IS),HIN(IS)'SEC(IS)oIDAY(IS),MDNTH(lS)v
1IYR(IS)

6042 FORMAT(5X, 'STATION NUMBER NOT FOUND IN INPUT LIST®,15,3X,213,

211

1F8.493Xy139A3,12, 'OBSERVATION IGNORED')

IF(PCODE(1) .EQ.1) GO TO 205

ENTER HERE IF THE GPTICAL DATA IS lN THE GEOS FORMAT

CONTINUE

READ(S, 5000.END—901)lD(IS)leR(lS)'MONTH(ISl'IDAY(lS)leR(lS)v
IMIN(IS) 4SECCIS) s IRAH(IS) s IRAMUIS)»RAS{IS)ISGND(IS), IDECD(IS),

2IDECM(1S) yDECS{IS) ,CONTIN,VARRA(IS)VARDEC(IS) 4COVRAD(IS)

5000 FORMAT(14X91495129F6e49139129F5e33A192129F4.2917X9AL,2F3.2,4F3.1)

IF(CONTIN.EQ.ENDSIG) GO TO 250 ,
DOT=DFLOAT(MJD{IDAY(IS)yMONTH(IS),IYR(IS))})
DDT-DDT*(DFLOAT((IHR(IS)*60+HIN(IS))*60)+SEC(IS))1864.002
IF(1S.LE.1) GO TO 212 '

THIS TEST SHOULD BE TRUE ONLY FOR THE FIRST CARD OF THE FIRST EVENT,

CHECH FOR END OF EVENT, ALLOHING 0 5 MS DISCREPANCY

C
o
c

IF(DABS(DDT-EPR).GT.0. 580—8) GG TO 250

ENTER HERE TO BEGIN A NEW EVENT

212

220
219

221

CONTINUE

10D=ID(IS)

KSTA=KSTAID(I10D)

IF(KSTA.GT.0) GO TC 220 -

WRITE(6,6042) ID(IS)ITHR(IS),MINCIS) SEC(IS), IDAY(IS)/MONTH(IS),

. THE FIRST ENTRY OF THE EVENT SHOULD ALWAYS BE MADE WITH IS=1

1LIYR(IS)

G0 TO 211

CONTINUE

IF(PCODE(12) .EQ.1) GO TO 221
1F(PCODE(12).EQ.2) GO TO 222
60 TO 230
VARRA(IS)=0BSD(KSTA)
VARDEC(1S)=0BSD(KSTA)
COVRAD(1S)=0.0

GO T0 230
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222 VARRA (1S)=0VO0BSD
VARDEC (1S)=0V0OBSD
CQVRAD(IS)=0.0
GO T0O 230 :

230 CONTINUE
KSTATE(IS)=KSTA
EPR=DDT
GO TO 200

C ] )
C END OF INPUT FOR THIS EVENT. BEGIN PROCESSING

250 CONTINUE

NSTE=[S~1
- JEVENT=IEVENT+1

GAST=GSTD(EPR) )
CALL PRENUT(EPR,PAN)
GAST=GAST+PAN
CALL POLE{(EPRXP,YP)
XP=XxP/SPR
YP=YP/SPR
XP=0.000
YP=0.0D0

COMPUTE STATION POSITION IN INSTATANEQUS TERRESTRIAL SYSTEM
PMtl,1)=1.
PH(I,Z) 0.0
PM({1,3)==XP
PM(2,1)=0.0
PM(2,2)=1.0
PM(2,3)=YP
PM(3,1)=XP
PM(3,2)=~YP
PM(3,3)=1.0

DO 270 IS=1,NSTE

ISGNL=PLUS

RA= ANRADD([SGNLQ]RAH(IS'QIRAH(lS)'RAS(lS’)*IS 0

ALFS(IS)=RA

DEC(IS)‘ANRADD(ISGND(lS)'IDECD(IS)’IDECH(IS)yDECS(IS))

270 CONTINUE .

WRITE(3) ITEVENT NSTE,GAST»PM,EPR, .
1('lDAT(lS'J)1J=1111"HONTH(lS)"DAT(lSQJ)'J=ly6"ALFS(IS)QDEC(]S"
2XKSTATE(IS) s IS=1,NSTE),CONTIN

C TEST FOR END OF INPUT

IF(CONTIN.EQ.ENDSIG) GO TO 700

C PREPARE FOR NEXT EVENT
DO 610 1I=1,6
610 DAT(1,1)=DAT(INSTE+1,1)
MONTH(1}=MONTH{(NSTE+1)
DO 611 I=1,11
611 IDAT(LeI)=IDAT(NSTE+1l,41)
C RETURN 10 STRRT A NEW EVENT
Is=1 '
GO TO 210

700 RETURN
ERROR EXITS.
901 CONTINUE
ENTER HERE IF END SIGNAL CARD IS MISSING FROM INPUT DATA DECK
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SUBROUTINE. RCONAP

CONSTRALINT CODE DIRECTORY
WEIGHTED COUNSTRAINTS

CONSTRAIN THE COORDINATES OF A STATION AT A PRICRI VALUES®*(1.E.WEIGHY 17
IMPOSE CHORD OISTANCE CONSTRAINT®, S

IMPOSE RELATIVE PCSITION CONSTRAINT*® - |

IMPOSE DIRECTIUN CONSTRAINT#* '

CONSTRAIN THE GECGDETIC LATlTUDEvLONGlTUDE AND HEIGHT. OF A STATION.*

WV WN e

ABSOLUTE CONSTRAINTS ..

11 OEFINE THE ORIGIN OF THE COORDINATE SYSTEM BY. INNER ADJUSTMENT EQUATIONS
12 DEFINE THE ORIENTATION OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT

13 DEFINE THE SCALE OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT EQUATIUNS
14 COMPLETELY FIX ONE OR MORE COOROINATES OF A STATION * ¢

15 COMPLETELY FIX ONE OR MORE COORDINATES CF RELATIVE POSITION*S

*IF THE COORDINATES,RELATIVE POSITIONs DISTANCEs OR DIRECTION, TO BE
CONSTRAINED ARE NOT GIVEN, THE CONSTRAINT IS COMPUTED FROM IHE
APPROXIMATE COORDINATES OF THE STATION(S) INVOLVED

$THE DIAGONAL ELEMENTS OF THE WIEGHT HATRIX ARE
WHICH COORDINATES ARE TO BE FIXED. A NON-ZERU CODE MEANS TD FlX
THE COORDINATE.

xXaksisksiakalakaksiskakaiakakakaXakaksiskskaksRaRaNaKal

IMPLICIT REAL*8(A-H,0-2)
INTEGER ENDSIG/LIHE/,CONTIN,STANAM
INTEGER*2 IDS
DIMENS 1ON xl(3),XJ(3).H(3.3).DIS(3).DXB(3).DXC(3)
COMMON/STALOC/STAUVW(3,150) ¢+DATPRM(2515) s DATNAM(4415),
1STANAM(5,150),1DS(150)
COMMON/NSTA/NSTA/STAGRD/KORDER(150)
DATA DPR/57:295T779513D0/
10 READ(5,5000 END=1000)KODE ,CONTIN
5000 FORMAT(I2,77X,Al)
WRITE(3) KODE,CONTIN
IF(CONTIN.EQ.ENDSIG) GO TG 1000
1F{KODE.LE.O) GO TO 950
IF(KODE.GT.19) GO TO 950 '
GO TO (100,2004300,4004500,600,700,800,900,950,
11100,120041300,1400,1500,1600,1700,1800, 1900) KODE
c
100 CONTINUE
READ(5,5001) IS
S001 FORMAT(14iI5) .
READ(5,5002) X1 S
5002 FORMAT(3D16.8)
READ(5,5002) (Wll,1)91=1,3)
ISTA=KSID2(1S)
DO 110 I=1,3
IF(XI(1)<€Qe0.0) XI(I)=STAUVW(1,1STA)
110 CONTINUE ‘ o : Co
WRITEL3) ls.lsTA.XI.w , Lo
60 TO 10 . '
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c CHORD CONSTRAINT
200 CONTINUE :
READ(5,5001) 1S,44S
READ(5,5002) CO,RELUNC
ISTA=KSID2(1S)
JSTA=KSID2(JS)
CDC=0.0
" DO 205 1I=1,3
OIS(I)=STAUVW(1,ISTA)~STAUVW(I,JSTA)
205 CDC=CDC+DIS(1)*%x2
CDC=DSQRTI(CDC)
IF(CD.EQ.0.0)CD=CDC
WRITE(3) IS,ISTA3JUS»JSTA,CD+RELUNC
GO 70 10
C » RELATIVE POSITION CONSTRAINT
300 CONTINUE
READI5,5001) IS,JS
READ(5,5002) DXB
READ(5,¢5002) (W(I,I)y1=1,3)
ISTA=KSID2(1S)
JSTA=KS102(JS)
DO 310 I=1,3
DXC(I)=STAUVH{I,1STA)-STAUVH(I,JSTA)
TF(DXB(1)+EQ.0.0) DXB(I) oxctl)
310 CONTINUE
WRITE(3) lS,ISTA.JS,JSTA.DXB.H
60 TO 10

400 CONTINUE

- DIRECTION CONSTRAINTS
ALPHA IS LONGITUDE-LIKE ANGLE
' BETA IS LATITUDE-LIKE ANGLE
READ(5,5001) IS,JS
ISTA=KSID2(IS) :
JSTA=KSID2(JS) |
C  READ ANGLES IN DEGREES AND UNCERTAINTIES IN SECONDS OF ARC
' READ(S,5002) ALF,BETA
READ(5,5002) VARA,VARB,COVAB
DO 405 I=1,3
405 DXC(I)—STAUVN(lvlSTA)-STAUVH(IyJSTA)
IF(ALF) 412,411,412
411 ALF=DATANZ2(DXC(2},DXC(1))
ALF=ALF*DPR
412 IF(BETA)414,413,414
413 RSCSB=DXC(1)#£24DXC(2)#%2" |
BETA=DATAN(DXC(3)/DSQRT(RSCSB) )
BETA=BETA%DPR
414 CONTINUE
WRITE(3) IS,ISTAyJS,JSTA,ALF+BETA,VARA,VARB,CCVAB
60 T0 10 - _

OO0 O

500 CONTINUE
C CONSTRAINT ON GECDETICLATITUDE,LONGITUDE, AND HEIGHT
READ(5,5001) IS
ISTA=KSID2(1IS)
IDTS=IDS(ISTA)
C READ LATITUDE AND LONGITUDE 1IN DEGREES AND HEIGHT IN METERS

-148- .



o0

[ BN o

C
c

c
o
c

c

c

AN "INPUT CODRDINATE OF ZERD

THE COORDINATE IS TO BE USED.
READ(5+5002) PHIO,FLAMO,HO

READ UNCERTAINTIES IN SECONDS OF ARC AND METERS

" AN

660
700
‘800

900

1100
1200

1300,
1600°

1400

READ(5+5002) SDP¢SDLoSDH .

INPUT UNCERTAINTY OF ZERO INDICATES THAT A 2ZERO WEIGHT IS TO BE USED.

CALL UVHTGZ(STAUVH(I.ISTA).DATPRH(I.]DTS),PHlyFLAH’H)
IF(PHIO.EQ.0.0) PHIO=PHI*DPR

IF(FLAMOLEQ.O0.0) FLAMO= FLAM*DPR

IF(HO.EQ.0.0) HO=H

WRITE(3) IS,ISTAyIDTSyPHICsFLAMOsHOySDPSDLySDH

G0 TO 10

CONTINUE .

‘CONTINUE.

CONTINUE
CONTINUE
GO T0 950

INNER ADJUSTHENT CUNSTRAINTS
CONTINUE :
CONTINUE

CONTINUE. .. .

CONTINUE ° *.

Go TO0'10

CONTINUE

FIX A STATION

1500

1700
1800
1900

950
6095

1000

60 TO 100

CONTINUE
GO TO 300

CONTINUE
CONTINUE
CONTINUE
GO TO 950
WRITE(6,6095) KODE
FORMAT(*OILLEGAL CONSTRAINT CODE IN CONAP IGNORED® ,15)
GO T0 10/

CONTINUE .

" REWIND 3 |

RETURN
END
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s XxiaiaizisiakalakskaiaiakakaXs ks XaXaRsXaXaXaRaXs e X3)

WP UN

6001

CONSTRAINT CODE DIRECTORY
WEIGHTED CONSTRAINTS

CONSTRAIN THE COORDINATES OF A STATION AT A PRIORI VALUES*(I.E.HEIGHT Im)
IMPOSE CHORD DISTANCE CONSTRAINT=,

"IMPOSE RELATIVE POSITION CONSTRAINT*

IMPOSE DIRECTION CONSTRAINT* )

CONSTRAIN THE GEODETIC LATITUDE,LONGITUDE AND HEIGHT OF A STATION.*

ABSOLUTE CONSTRAINTS

DEFINE THE ORIGIN OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT EQUATIONS
DEFINE THE ORIENTATION OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT
DEFINE THE SCALE OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT EQUATIONS
COMPLETELY FIX ONE OR MORE COORDINATES OF A STATION * §

COMPLETELY FIX ONE OR MORE COORDINATES OF RELATIVE POSITION*$

*IF THE COORDINATES,RELATIVE POSITION, DISTANCE. OR DIRECTIONs TO BE
CONSTRAINED ARE NOT GIVEN, THE CONSTRAINT IS COMPUTED FROM THE
APPROXIMATE COORDINATES OF THE STATION(S) lNVOLVED

$THE DIAGONAL ELEMENTS OF THE W MATRIX ARE USED AS CODES TO INDICATE
WHICH COORDINATES ARE TO BE FIXED. A NON-2ERD CDDE MEANS TO FIX
THE COORDINATE.

SUBROUTINE PSOLN

IMPLICIT REAL*B{A-H,0~Z)
COHHONINSTA/NSTAISTAORDIKORDER(150)

INTEGER*2 L’LSOLVE'IDS

INTEGER STANAM
COHHDNISTALOC/STAUVH(3,150)yDATPRM(Z,lS),DATNAH(4,15).
1STANAM{5,150),IDS{150)
COHHDNIHPH/HPH9XPU,IDEGF.IFSTA

INTEGER*2 PCODE :
COMMON/PCODES/PCODE(20)

DIMENSION ADX(3)

DIMENS ION ElG(b)'EV(3.3)pCOVX(3,3)gVARX(3,40)

REAL*8 LAM
DIMENSION 0(3,3140):DELC0V(3'3)1UNC(3)
DIMENS ION DX{3,40) yUNCE(3,50)

DIMENSION RLX(3,3),RLD(33),RXD(3,3)
EQUIVALENCE (RXD(1,1),EV(1,1))

LOC (K) =(K*(K+1)) /2

REWIND 2

WRITE(656001) WPW,XPU L
FORMAT (710X, *W' *PW=",D16.8," ~X*'U=*,D16.8)
VPV =HP H-XPU , o

- 1DEGF= IDEGF—3*NS TA
VARO=VPV/OFLOAT(IDEGF)
SIGO=DSQRT(VARO)

WRITE(6,6002) 1oecp.vpv,vano,sxco

)

6002 FORMAT(1H1//////7//T750,*NUMBER OF DEGREES OF FREEDOM = '1811H0,738

1+ *QUADRATIC SUM OF ALL THE RESIDUALS (VPV) =?,F13.4/1H0,T55,
2'VARIANCE OF UNIT WEIGHT =",F13.4/1H0, 745,
3'STANDARD DEVIATION oF UNIT HEIGHT =% Fl3.4)
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READ(2) ((VARX(lilg[A’rl 123)eISTA=1,NSTA)
DO 80 JISTA=1,NSTA
DO 80 I=1,3
IF(VARX{I,1I5TA). LE.O 0) GO TO 79
VARX(I'lSTA)_DSQRT(VARX(I 1STA))
GO T0O 80 oL

79 VARX(1, !STA)—0.0

80 CONTINUE "

DO 200 ISTA= leSTA
REAG(2)(DX({I4ISTA),I= 1.3).(((Q(I.J'JSTA).I 153)44=143),
1JSTA= lSTA,NSTA)

IF(ISTA—Z‘(ISTAIZ).EQ.I.OR PCOOE(ZO).EQ 1) WRITE(6,6011)
6011 FORMAT (1H1)
IDAT=IDS(ISTA) . ,
WRITE(6,6003) KORDER(ISTA)y (STANAM(I,ISTA),1=1,5)
1, IDAT, (DATNAM(I 4 IDAT) 1=1,44) = ,
6003 FORMAT(3(/)y*OSTATION NUMBER ~ *,18,10Xs4A%yA2,5Xs
1'ELLIPSOID® 4 14,4X4A8)
WRITE(6,6010)
6010 FORMAT (907 ,25Xs X% s 15Ks ¥ p 15Xy 128 521X s * LATo*y 12Xy *LONG o (+E)
1ELL. HT.') .
CALL UVWTG(STAUVW(1,ISTA),DATPRMI1,IDAT),PHI,LAMH)
CALL DANG (PHI,ISGNP,T0EGPs IMINP,SECP)
CALL DANG (LAM, ISGNLIDEGLIMINL,SECL)
WRITE(67,6005) (STAUVW(I+ISTA)s1=1,3),1SGNP,IDEGP,IMINP,SECP,
11SGNLy IDEGL y IMINL, SECL,H.
6005 FORMAT ('OPREL. COORD. - ',3F16.4.7X.2(3X.AI'ZIB.F8.4).F12.4)
DO 100 IK=1,3 :
100 ADX(IK)=DX{IK,ISTA)
CALL DELL(ADX vQ(1o1 o ISTA) sPHIJLAMyH,
1 DATPRM(1,IDAT),DPsDLsDH, DELCOV oRLX) '
DO 120 1=1,3
00 110 J=1,3
DELCOV (I, J)=DELCOV(I4J}*VARD
110 COVX(I,J)=Q(1,J,1STA)*VARD
UNC (1) =VARX(1,ISTA)*SI1GO
IF(DELCOV(I,+1).6T.0.0) GG TO 115
UNCE(I,ISTA)=0.0
GO TG 116
115 CONTINUE
UNCE(T,ISTA)=DSQRT(DELCOV(I,1))
‘116 CONTINUE
STAUVW(I,ISTA)= STAUVH(I,ISTA)fDX(I.ISTA)
120 CONTINUE _

CALL DANG(DP4ISGNP4IDEGP, IMINP,SECP)

CALL DANG (DL ¢ ISGNL+IDEGLy IMINL ¢y SECL)

DO 125 I=1,3
CIF(1eLTe3) UNCE(L,1STA)= UNCE(1,ISTA)*206264.8062
DO 125 J=1,3

IF(I.LT.3) DELCOV(I,J)=DELCOVII,J)*206264,8062
IF(J.LT.3) DELCOV(le)‘DELCOV(lpJ)*206264 8062

125 CONTINUE
WRITE(6+96006) (DX(IQISTA):I 1+3)-
1+ 1SGNP), lDEGP,lMINPoSECP'lSGNL'IDEGL'IMINL.SECL,DH
6006 FORMAT('OCORRECTIONS — ' 43F16.497TX92(3X4A1,213,F8.4)¢F1l2.4) .
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c
C

c

CALL UVWTG(STAUVW(1yISTA) yDATPRM{LsIDAT) sPHIsL AMyH)
CALL DANG(PH1,1SGNP, IDEGP ,IMINP,SECP)

CALL DANG(LAM,ISGNL, IDEGL,IMINL,SECL)}

WRITE(6,6007) (STAUVW{I,ISTA),1=1,3)

14 ISGNP + IDEGP, IMINPSECP, ISGNL,IDEGLs IMINL,SECL ,H

6007 FORMAT('0ADJ. COORD. = 943F16.497X22(3XsA14213,FB8.4),F12.4)

7001

5005

6008

6009

6100

135

137
139

6101
140
150

¢

6105

IF(PCODE(17).EQal) WRITE(T7,7001) KORDER(ISTA), (STAUVW(I,1STA),
1 I=1,3),1C0VXI1,1),1=1,3)

FORMAT(14+4X33F16.6/3F10.3)

IF(PCODE(18).EQ.1} WRITE(7,5005) KORDER(ISTA),IDAT,
L(STANAM{I,ISTA)y1=1,5),ISGNP,IDEGP,IMINP,SECP, IDEGLy IMINLsSECLyH,

2(UNCE(I+ISTA)¢I=1,43}

FORMAT(164,12,4A44A2,A192(2134F8.4)y F10e2y2F3.14F3.0,7XsALl)
WRITE(6,6008) ((COVX(19J)sd=143),(DELCOV(I,J)9J=1s3),1=1,3)
FORMAT (*OVARIANCE~COVARIANCE MATRIX OF THE STATION POSIIION'//
13{14Xy3F16.69 10X43F16.67))

WRITE(696009) UNCs(UNCE(I,ISTA),I=1,3)

FORMAT('OSTAND. DEV. ='43F1l6.4510X93F16.4)

IF(PCODE(19) .NE.1) GO TG 150
COMPUTE EIGENVALUES

WRITE(6,6100)

FORMAT ( ODIRECTIONS OF EIGENVECTORS AND SQUARE ROOTS OF EIGENVALUE
1S OF VARIANCE-COVARIANCE MATRIX =*/T20,%LATITUDE",T40, LONGI TUDE",
2 T60y 'ELEVATION® T80, *AZIMUTH' ;T1004* AXIS LENGTH®)

NB=0

DO 135 J=1,3

00 135 I=1,4
NB=NB+1

EIG(NB)=COVX(14d)

CALL DEIGEN(EIGyEV3,0)

CALL DGMPRD(RLXyRXDyRLDy3,353)

DO 140 1=1,3

PHI=DATAN(EV(341)/DSQRTIEV (L, 1) #%24EV(2, 11452} ]

LAM=DATAN2(EV(2,1) yEV(1,1))

ELEV=DATAN (RLD(341)/DSQRT(RLD(141)*%24RLD (251 )%%2))

AZ=DATAN2(RLD(2,1) yRLD{1,1))

CALL DANG (PHIy1SGNP,IDEGP , IMINP 4 SECP)

CALL DANG(LAM, ISGNL, IDEGL y IMINL »SECL)

CALL DANG(ELEV,ISGNEL,IDEGEL, IMINEL SECEL)

CALL DANG(AZ,ISGNAZ,IDEGAZ, IMINAZ,SECAZ)

EVAL=EIG(LGC(E))

IF(EVAL.LE.0.0) GO TG 137

EVAL=DSQRT(EVAL)

60 TO 139

EVAL=0.0

CONTINUE

WRITE(676101) ISGNPyIDEGP s IMINP ySECP 1 SGNLyIDEGL o IMINL »SECL,
1 ISGNEL,IDEGEL,IMINEL ,SECEL ,ISGNAZyIDFGAZ 4 IMINAZ,SECAZ 4 EVAL

FORMAT (1HO s 14X24 (AL5213 4F8.495X)4F12 44 )

CONTINUE
CONTINUE

IF(PCODE(20) .NE.1) GO TO 200

CUMPUTE CORRELATICN CCEFFICIENTS
WRITE(6,6105) ‘

FORMAT(1HO 415Xy *3X3 WEIGHT COEFFICIENT MATRICES®,43X,*CORRELATION
1COEFFICIENTSY/1HO,2025X+* Xy 15X %Y 415X,%2%))
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153

154
155

6106
6107

160
200

219

220
240

260

270

6108
6109
6110
6111
6112

300

DO 160 JSTA=1STA,NSTA

DO 155 I=1,3

DO 155 J=1,3

DENOM=VARX( 1, ISTA)*VARX(J,JSTA)

IF(DENOM) 154,154,153

EVII,J)=Q(], J'JSTA)/DENOH

GO 70 155 ,

EV(1,J)=0.0 '

CONTINUE, : :
WRITE(646106) KORDER(ISTA),KORDER(JSTA)
FORMAT(1HO,5Xy*. STA. NO.*915,° WITH STA. NO.',15)
WRITE(6,6107) ((QUI,JsJSTA),J= 1.3),(EV(1.J).J 143)+1=1,2)
FORMAT(14X,3F16. 6.10x.3F16 6)

CONTINUE

CONTINUE

PRINT OUT SUMMERY OF RESULTS

IF(PCODE(10).tQ.0) GO TO 300

WRITE({6,6011) . .

DO 300 ISTA=1,NSTA

DO 219 1=1,3

UNC (1) =VARX (1, 1STA)$SIG0 :

WRITE(6,6108) KORDER(ISTA), (STANAM(I,ISTA), 1= 1,5)
IDAT=IDS(ISTA)

JD=PCODE(10)

GO T0(220,240,260,260),JD

WRITE(646109) (DX{I+ISTA)oI=143)4UNC

GO0 TO 300

WRITE(656110) (STAUVWI(I,ISTA),I= 193] sUNC

GO TO 300

CALL UVHTG(STAUVH(I:ISTA)'DATPRM(I.IDAT).PHI,LAM;H)
CALL DANG (PHI41SGNP,IDEGP, IMINP,SECP)

CALL DANG (LAM,ISGNL,IDEGL,IMINL,SECL)

IF (PCODE(10).EQ.4) GO TO 270

WRITE(6,6111) ISGNP,IDEGP, lMlNP.SECP,lSGNL.lDEGL.lMlNL,SECL.Hv

1(UNCE(I,1STA),I=1,43)

G0 TO 300
WRITE(6,6112) (STAUVN(I ISTA), 1= 113)ylSGNP'lDEGP,IMlNP'SECP'IDEGL9

LIMINL»SECL sHoUNCy (UNCE(I,ISTA) 3 I=1,3)

FORMAT(1851Xy4A49A2) o

FORMAT (1H+,27X,3F10.4,/28X,3F10.4/)

FORMAT (1H+,27Xy3F16.44/28X43F16.4/)

FORMAT (1H4427X32(3X1A14213,FB.4) F12049/38XsFB.4910XsFB8.44F12.4/)
FORMAT (1H* 327Xy 3FL6.4y  3X9AL12133FB.493Xs2135FB.4sF12.44 /28X,

1 3F16.492(10XsF8.4),F12.47)

CONTINUE
RETURN
END
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SUBROUTINE CONAP1(KODE)
CONSTRAINT CODE DIRECTORY
WEIGHTED CGNSTRAINTS

CONSTRAIN THE CGORDINATES OF A STATION AT A PRIORI VALUES*{1.E.WEIGHT 1IT)
IMPOSE CHOURD DISTANCE CONSTRAINT*,

. IMPOSE RELATIVE POSITION CONSTRAINT*

IMPOSE DIRECTION CONSTRAINT*

CONSTRAIN THE GEUDETIC LATITUDE ,LGNGITUDE AND HEIGHT OF A STATION.*

OO0 o
M WN -

IMPLICIT REAL*E5(A-H,0-1)
INTEGER®*2 L ,LSOLVE,IDS
INTEGER CONTIN, STANAM
COMMON/STALGOC/STAUVW(34150) yDATPRM(2+15) yDATNAM(4415),
1STANAM(5,150),1D0S(150)
COMMON /NSTA/NSTAZNBLOCK
COMMON/STAORD/KORDER(150)
COMMON /NORMEQ/REDN{3,3,2485),Ut3,70),L12485),LS0OLVE
COMMOUN /WPW/WPW XPU+ IDEGF o IFSTA )
DIMENSION XI(3)yXJ(3)yW(343),DIS(3)yDXB(3),D0XC(2)
EQUIVALENCE (XI(1),DXB(1)),{(XJ(1),DXC(1))
DIMENSION G(2,3) ‘
DATA SPRGDPR/206264.8062545T.295779513/
LOCIK)=(Kx{(K+1l))}/2
6150 FORMAT(10Xs3D16.8)
GG TO (100'200'300'4001500'6007700 800,900),KODE
100 CONTINUE
READ (3) IS,ISTA+XIlW
NB=LOC(ISTA)
K=0
DO 110 I=1,3
DIS(I)=XI(I)=STAUVW(I,ISTA)
REDN(I oI 4NB)=REON(I3IoNB)+W({I,yI)
ULTLISTAY=U(I,ISTA)+W(I,1)*DIS(])
IF{W(TIL1).EQ.O. 0) GO TC 110
K=K+1
NPW-NPN’DIS(l)‘w(lgl)*DIS(l’
IDEGF=I0DEGF+1
110 CONTINUE
IF(K.EQ.3) L(VB) =LI(NB)+]
WRITE{6,6100) IS (STANAM(I, ISTA)DI 1e5) e XIotW{Igl)oI= 1'3)
6100 FORMAT(///15X,%A PRIURI CONSTRAINT ON STATION?® ;15,2X,5A4/
115X *CODRDINATES ¢ 3F16.271SK 3 *WEIGHT S 36 X4 3F16.4)
60 10 10
C . CHORD CONSTRAINT
200 CONTINUE
READ (3) IS'ISTA:JS!JSIA'CDQRELUNC
IFCJISTALGE.ISTA) GO TG 210
C SWITCH SUBSCRIPTS 1IF NECESSARY
NB=ISTA"
ISTA=JSTA
JSTA =NB
210 CONTINUE
CbC =0.0
DO 205 I=1,3
DISCI)=STAUVW(I+ISTA)-STAUVW{I,JSTR)
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205

215

220

6200

300

310

6300

CDC=CDC+DIS(I) #%2

COC=DSQRT(CDC)

DC 215 'I=1,3 -

DIS(T)=DIS(I)/CDC

€DD=CD-CDC .

WCD=(RELUNC/CD) *%2

1B=LOC(ISTA)

JB=LOC(JSTA) -

NB=LOC (JSTA- 1)+lSTA .

DO 220:1=1,3 .

utl, lSTA)-U(l.lSTA)*DlS(I)*HCD*CDD
U(l.JsrA)-U(l,JSTA)-DIS(l)twco*coo

DO 220 J=1,3

TERM=DIS(I)*WCD*D1S(J) :

REDN(I +Js IB)=REDN(I,J,18)+TERM

REON(1 +J5 JB)=REDN(I4J,JB)+TERM

REON(19JyNB)=REDN(I,J,NB)-TERM

CONTINUE"

WRITE(6+6200) KORDER{ISTA),(STANAMI1,1STA),I=1, 5),K0RDER(JSTA).
1(STANAMUT,JSTA) y1=1,5),CDyRELUNC

FORMAT(////15X, "CHURD DISTANCE CONSTRAINT IMPOSED BETWEEN STATION®
1,15,2X95A4/53X, *AND STATION®31542Xy5A4/15Xs *CONSTRAINED DISTANCE=®"~
2,F1642/15Xs *THE WEIGHT 1S COMPUTED FROM A RELATIVE UNCERTAINTY OF
30ONE PART IN',F16.2)

WRITE(6+6150) CDD

LOIB)=L(IB)+1 g S

LUJB)SLIJB) 1 : E A : - .
LINB)=LI(NB)+1 :

WPW=WPW+ CDD*WCD*CDD

IDEGF=IDEGF+1
GO TO 10 . :

- RELATIVE POSITION CONSTRAINT

CONTINUE

READ (3) IS, ISTA4JS,JSTA,DXB,W

18=LOC(ISTA)

JB=LOC(JSTA)

NB=LOC(JSTA—-1)+ISTA

IF(ISTALGT.JSTA) NB=LOC(ISTA-1)+JSTA

0O 310 I=1,3

DXC(I1)=STAUVW(1,1STA) SIAUVH(I.JSTA)

DIS(1)=DXB(1)-DXC(I)

IF{W(1,1).EQ.0.0) GO TO 310

HPW=WPW+DIS( 1) *W(1,1)%01S(1)

1DEGF=1DEGF+1

UCT,ISTA)=UCT,1STA)+W(1,1)#DIS(])
UCT,JSTAI=ULT,JSTA)=-W(T,1)2D1S(1)

REON(I 41, IB)=REDN(L,1,1B)+W(1,1)

REDN(141,JB)=REON(L,1,J8)+W(1,1)

REDN(I o 14NB)=REDN{ 1,1 ,NB)=W(Is1)

CONTINUE

LeIs)=L(1B)+1

LJB)I=L(JB)+1

LINB)=L(NB)+1

WRITE(6,63G0) KORDER(ISTA)s (STANAM(I, ISTA),I 1'+5) ¢ KORDER (JSTA),
LUSTANAMUT 9 JSTA) 31=145)9OXBy (W(I,T)41=1,3)

FORMAT(////15X,*RFLATIVE POSITION CONSTRAINT*/15X, *BETWEEN STATION
1'915¢3Xs5A%s" AND STATION'yI592X95A4//15X, *RELATIVE COORDINATES
2ARE'/15X¢3F16.2//15X 4 *WELIGHTS ARE'/17X93F16.4)
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C
C
C

WRITE(6,6150) (DIS(I),I=1,3)
GO TO 10

400 CONTINUE

DIRECTION CONSTRAINTS

ALPHA IS LONGITUDE-LIKE ANGLE

BETA IS LATITUDE-LIKE ANGLE’
READ (3) 1S,ISTA4JS,JSTA,ALF,BETA,VARA,VARB,COVAB
WRITE(646400) KORDER(ISTA), (STANAM{I,ISTA),I —1'5)vKORDER(JSTA)'
LOSTANAM(I ,JSTA) 4 I=1,5) yALFBETA+VARA VARB+COVAB

6400 FORMAT{(////15X,*DIRECTION CONSTRAINT IMPOSED BETWEEN STATION®,

405

443

11542Xe5A4,/48Xy *AND STATION® y1542X s5A4/15X, "ANGLES(DEGREES)* 24X,
22F16.8715X, YUNCERTAINTIES(SECONDS) *,3F16.3)

DO 405 1=1,3

DXC(I)=STAUVW(I,ISTA)-STAUVW(IJSTA)

RSCSB=DXC(1)#**2+4DXC(2)*%2

TA=DXC(2)/DXC(1)

CSA=1.0/(1.0+TA%TA)

RCB=DSQRT(RSCSB)

TB8=DXC(3) /RCB

CSB=1.0/(1.0+TB*TB)

AD=DATANZ2(DXC(2),DXC(1})
DIS(1)=ALF/DPR-AD

PI=180.0/DPR

IF(D1S(1).GT.Pl) DIS{1}=DIS(1)-2.0%P]
IFIDIStL) LT (-PI)) DIS{1)=DIS{1)+2.0%P]
BO=DATAN(DXC(3)/RCB)

DIS(2)=BETA/DPR-BC

WRITE(6,6150) DIS(1),01S5(2)

6{1,1)=CSA*TA/DXC(1)
G(1,2)=-CSA/DXC(1)
G{1l,3)=0.0
6(2,1)=CSB*TB*DXC(1)/RSCSB
G(2,2)=G(241)%TA
G(2,3)=-CSB/RCB

VARA=(VARA/SPR)¥%2

VARB=( VARB/SPR) **2
DET=VARA*VARB-COVAB®COVAB
W(l,1)=VARB/DET
W(2,2)=VARA/DETY
W(l,2)=-COVAB/ODET
H(Z,l)“H(qu)

1B=t0OC(1STA)

JB=LOCIJSTA)

NB=LOC(JSTA-1)+ISTA
IFCISTAGT.JSTAD NB=LOC(ISTA-1)+JSTA
DO 445 [=1,3

SU"=0-0 .

DO 443 II=1,2

DO 443 Ju=1,2

SUM=SUM+G {314 1)2W( 11+ JJ)2GIS{JJ)
UL 4ISTAI=U(L,ISTA)-SUM
UL],JSTAY=ULT,JSTA)+SUM

DO 445 J=1,3

SUM=0‘ s}
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DO 444 1I=1,2
DO 444 JJI=1,2
444 SUM=SUM+G(I1,1)*W(114JJ)%G(JdJyd)
REON(14J, 1B)=RECNt14J,1B) +SUM
REDN( T 3J s JB)=REDN(1,J,JB)+SUM
IFLISTA.GT.JUSTA) GO TO 446
REDN(14J,NB)=REDN(1,J,NBE)~SUM
GO TO 445
446 REDN(J,1, NB)—REDN(J,I.NB)—SUM
445 CONTINUE
DO 450 I1=1,2
1F(W(11,11).EQ.0.0) GO TO 450
LUIB)=L(1B)+1
L(JB)=L(JBI+1
LINB)=L(NB)+1
IDEGF=IDEGF+1
DO 450 JJ=1,2
WPW=WPW+DIS(1I)#W(11,JJ)*DIS(JJ) '
450 CONTINUE C
GO TO 10 S ‘

500 CONTINUE

READ (3) IS,ISTA,IDTS,PHIO,FLAMO,HC,SDP, SDL,SDH : ' o
WRITE(696500) IS, (STANAM{I,LISTA),I= 1.5),PH10.FLAM0,H0.IDTS, B

1 {DATNAM(I,IDTS),1=1,4), SDP,SDL,SDH :

6500 FORMAT{////15X,*THE ELLIPSOIDAL COORDINATES (LAT..LONG..HEIGHT) OF .

1 STATION'17,3X,5AG/15X, *ARE CONSTRAINED AT //2(F20.9," DEGREES‘),'
2 F20.3¢" METERS"//15Xs 0N DATUM' 3 15,3X4AE//
3 15X, *THE WEIGHTS FOR THESE CONSTRAINTS ARE COMPUTED FROM OBSERVAT
4IONAL STANDARD DEVIATIONS OF*//
5 2(F20.34" SECONDS')4F20.39" METERS?')

CALL UVWTG3(STAUVW(1,ISTA),DATPRM(1, IDTS).PHI.FLAM.H)

I8=LOC(ISTA)

SP=DSIN(PHI)

CP=DCOS(PHI)

SL=DSIN(FLAM)

CL=DCOS(FLAM)

AE=DATPRM(1,IDTS)

E2=1.0-{DATPRM{2, 1DTS)/AE)} %22

EW=DSQRT(1.0-E2%*SP*SP)
EN=AE/EM

EM=AE* (1.0—E2) /EW*%3 ,
IF(SDP.EQ.0.0) GO TO 510
WT=1.0/(SDP/SPR)**2
DXE(1)=-SP*CL/(EM4H)
DXB12) =~SP*SL/{EM+H)
DXB(3)= CP/(EM+H)
DISC=PHIQ/DPR-PHI E
ASSIGN 510 TC J5 .
60 TO 550 :

510 CONTINUE

IF(SDL.EQ.0.0) GO TU 520
WT=1.0/{SDL/SPR) 2%2

DENGCM= (EN+H) *CP
OXB8(1)=-SL/DENGM

OXB(2)= CL/DENOM

DXB(3)=0.0 _

D1SC=F LAMO/OPR—-FLAM
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ASSIGN 520 TO J5

.. GO TO 550

520

CONTINUE

IF(SDH.EQ.0.0) GO TO 560
WT=1.0/SDH*%*2
CX8(1)=CP*CL

L DXB(2)=CP#*SL

550

555

560

600
700
8§00
900

10

OXB(3)=SpP

-DISC=HG-H

WRITE(6,6150) DISC
ASSIGN 560 TO J5
GO TO 550

CONTINUE

D0 555 I=1,3

U(TISTAY=UCTISTA)+DXB(1)*WT*D1SC

DO 555 J=1,3

REDON(I 932 IB)=REON(1,J9IB)+DXB(1)*WT*DXB(J)
CONTINUE

LiIB)=L(IB)+1

IDEGF=IDEGF+1

WPW=WPW+DISCH*WT*D1SC

GO TO J5,(510+5204560)

CONTINUE

G0 T0 10

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
RETURN
END
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SUBRDUTINE CONAP2 (KODE2)

c ~ABSOLUTE CONSTRAINTS
c
C 11 DEFINE THE ORIGIN OF THE COORDINATE SYSTEM'BY INNER ADJUSTMENT EGUATIGNS
C 12 DEFINE THE ORIENTATION OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT
C 13 DEFINE THE SCALE OF THE CUORDINATE. SYSTEM BY INNER ADJUSTMENT EQUATIONS.
C 14 COMPLETELY FIX ONE OR MORE COORDINATES OF A STATION'*
C 15 COMPLETELY, FIX ONE OR MORE CUORDINATES ' CF 'RELATIVE PUSITION*$
c
c SIF THE COORDINATES,RELATIVE POSITION; CISTANCE, OR DIRECTION, 10 BE
c CONSTRAINED ARE NOT GIVEN, THE CONSTRAINT IS COMPUTED FROM THE
c APPROXIMATE COORDINATES OF THE STATION(S) INVOLVED
c
c $THE DIAGONAL ELEMENTS OF THE W MATRIX ARE USED AS CODES TO INDICATE
c WHICH COORDINATES ARE TO BE FIXED. A NON-ZERUG CODE MEANS TO FIX .
c | THE COORDINATE.- '
c . e C L S . e,
C PROCESS A PRIORI CONSTRAINTS GNs AND BETHEEN s STATIUNS
IMPLICIT REAL®8(A-H,0-2)
INTEGER#*2 L,LSOLVE,IDS
INTEGER ENDSIG/1HE/yCONTIN, STANAM
COMMON/STALOC/STAUVN(3,150) ;DATPRM(2,15) , DATNAM{4,15),
1STANAM(5,150)41DS(150).
COMMON /NS TA/NSTA yNBLOCK
COMMON /STAORD/KORDER (150)
COMMON/NCRMEQ/REDN(3 432485 ) ,U(3770)',L (2485) s LSOLVE
COMMON /WPW/WPW ,XPU o IDEGF » IFSTA
DIMENSION XI(3)4XJ(3),W(3,3),DIS(3),DXB13),0XC(3)
EQUIVALENCE (XI,DXB)y{XJsDXC) , - -
DIMENSION G{(2,3) - ' : T
DATA SPR/206264.80625/
LOC (K} =(K*(K+1))/2
MAXBLK=70
c
C  ABSOLUTE CONSTRAINTS THAT REQUIRE EXPANSIUN OF THE NORMAL EQUATION
c MATRIX BY THE ACDITION OF LAGRANGE MULTIPLIERS
c
C  KODE2 IS KODE-10 L
' 6o 10 (1100.1200,1300-1400.1500.1600.1700.1800,1900),KODEZ
C 11 DEFINE THE ORIGIN OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT EQUATIONS

1100 CONTINUE
ASSIGN 1110 TO JRTN
GO TO 960
1110 CONTINUE
DO 1120 ISTA=1,NSTA
18=LOC (NBLOCK-1)+1STA
Lt18)=1
DO 1120 I=1,3 -
1120 REDN(I,I51B)=1e0- = . & . 5. T S
IDEGF=IDEGF+3 R -
WRITE(646011) o o
6011 FORMAT (*OTHE ORIGIN OF THE COORDINATE SYSTEM lS<DEFINED BY INNER
. LADJUSTMENT.?) S
GO TO 10
C 12 . DEFINE THE ORIENTATION OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT . '
1200 CONTINUE
ASSIGN 1210 TO JRTN
G0 T0 960
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1210 CONTINUE
DD 1220 I1STA=1,NSTA
1B=LOC (NBLOCK~1)+1STA
REDN(142,18)= STAUVW{(3,1STA)/SPR
REDN(143,18B)=~STAUVW(2,1STA)/SPR
REDN{2 41, 1B)=~STAUVWI(3,ISTA)/SPR
REDN{2 +341B)= STAUVW(1,1STA)/SPR
REDN{3,1,1B)= STAUVWI2,ISTA)/SPR
REDN(3,42,IB)==STAUVW (1, ISTA)/SPR
L(Igi=t
1220 CONTINUE
IDEGF=IDEGF+3
WRITE(6,6012)
6012 FORMAT("OGRIENTATION OF THE CDORD[NAT& SYSTEM DEFINED BY INNER
1ADJUSTMENT PROCEDURE?)
G0 To 10
C 13 DEFINE THE SCALE OF THE COORDINATE SYSTEM BY INNER ADJUSTMENT ECQUATIONS
1300 CONTINUE
ASSIGN 1310 TO JRTN
GO TO 960
1310 CONTINUE
DO 1320 ISTA=1,NSTA
IB=LOC(NBLOCK=1)+1STA
L(IBl=1
D0 1320 1=1,3
REDN(1+1,18)=STAUVK(1,1STA)/1000000.0
1320 CONTINUE
C FILL IN EXTRA TWG ROWS IN BLOCK WITH DUMMY EQUATIONS
NB=LOC (NBLGCK)
REDN(2:2,NB)=1.0
REDN(3434NBEY=1.0
L(NB)=1
IDEGF=1DEGF+1
WRITE(646013)
6013 FORMAT('OSCALE OF THE CUOCRDINATE SYSTEM DEFINED BY INNER ADJUSTMENT
1T PROCEEDURE.®)
GO TO 10 '
C 14 COMPLETELY FIX ONE DR MORE COORDINATES OF A STATION
1400 CONTINUE : C
ASSIGN 141G TGO JRTN
G0 10 960 .
1410 CONTINUE
READ(3) ISsISTAXI,.W
00 1420 I=1,3
1420 DIS{I)=XI{I)~STAUVWLI,ISTA)
IB=LOC (NBLCCK-1)+ISTA
NB=LOC(NBLOCK) '
DG 1430 I=1,3 - ‘
C  THE DIAGONAL ELEMENTS OF W ARE USED AS INDICATORS TO SHOW
o " WHICH COORDINATES ARE TQ BE FIXED.
IF(W(I4I).EG.0.0) GO TO 1424
REDN{1.,151B)=1.0 .
U(1,NBLOCK)=DIS(I)
IDEGF=1DEGF+]
LiIe)=1
: GO. TO 1430
1424 REDN{I,I1sNB)=1.0
L(NB)=1
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C

1430

6014

1500

CONTINUE -

WRITE(696014) 1S, (STANAMUI,ISTA),I= ly5),Xl,(H(l 1Y41=1,3)
FORMAT(////715Xs *CARTESIAN COORCINATES GF STATION®,15,2X95A493X,:
1*FIXED AT*'//15X43F16.2//715X+'FIXED COORD INATES ARE INDICATED 8Y -
2NON ZERO ENTRY BELOW®//15X33F16.2)

LILOC(ISTA))=1
GO0 T0 10

CONTINUE

C 15 COMPLETELY FIX ONE OR MORE CCORDINATES OF RELATIVE POSITIDN

o

C
c

1510

ASSIGN 1510 TO JRTN

G0 TO 960

CONTINUE

READ (3) IS,ISTA,JS,JSIA,DXB,H
1B=LOC(NBLOCK-1)+ISTA
JB=LOCINBLOCK-1)+JSTA

N8=LOC (NBLOCK)

L{18)=1

LiJB)=1

LILOCLISTA))=1

LLOC(JSTA)) =1

DO 1530 I=1,3 i .
IF(W(I,1).EQ.0.0) GO TO 1524
REDN(ly"le)=1-0
REDN(141,JB)=-1.0
UCTyNBLOCK)=OXB(I)-(STAUVW(IoISTA)-STAUVH(I,JSTA))
IDEGF=1DEGF+1

GO TO 1530

1524 REDN(I,1,NB)=1.0

1530

6015

1600

SE

1610

1615

6016

13
960

6096

L{NB)=1

CONTINUE ) _

WRITE(656015) 1Sy (STANAM(IyISTA)yI=1+5),JSy(STANAM(I,JUSTA),,I=1,5),
1 DXBy{W(Is1)yI=1y3)

FORMAT(////15Xs*RELATIVE POSITION BETWEEN STATION®,I5,3Xy5A4/
137Xy *AND STATION®,15,3X45A4/ 15X,
2'FIXED AT*/15Xs3F16.2//15Xy *RELATIVE COORDINATES WHICH ARE FIXED
3ARE INDICATED BY A NON-ZERO ENTRY EBELOW'//15X%X,3F16.2)

GO T0 10

CONTINUE -

T UP A BLOCK COF 3 DUMMY EQUATIONS

ASSIGN 1610 TO JRTN

GO TQ 960

CONTINUE

NB=LOC (NBLOCK)

DD 1615 I=1,3

REDN([;J’N8)=1.0

L(NB)=1

WRITE(6,6016) .

FORMAT(*0BLOCK UF 3 DUMMY EQUATIONS ADDED TO REDUCED NORMALS.')
GO TO 10 '

XPAND REDUCED NORMALS BY ADDING A BLCCK OF THREE LAGRANGE MULTIPIERS
CONTINUE

NBLOCK=NBLOCK+1

IF{NBLOCK.LE.MAXBLK) GO TO 961

WRITE(646096) _
FORMAT(*OATTEMPTED CONSTRAINT RESULTS IN AN ATTEMPT TU EXPAND THE
IREDUCED NORMAL FQUATIUN MATRlX'llSX,'BFYUND ITS DIMENSIGNS. '/
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215X 3 *PROGRAM STOPS®)
sSTOP ’
961 CONTINUE
DO 965 1ISTA=1,NBLOCK
NB8=LOC (NBLOCK-1)+1ISTA
L{NB)=0
DO 965 I=1,3
DO 965 J=1,3
965 REDN(I,J4NB)=0.0
DO 966 1=1,3
966 U(I,NBLOCK)=0.0
GO TO JRTN,(1110,1210,1310,1410,1510,1610)

1700 CONTINUE
1800 CONTINUE
1900 CONTINUE
10 CONTINUE
RETURN
END
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SUERCUTINE CCNAP
[MPLICIT REAL*8(A—H,0-Z)

C PROCESS .A PRIOR] CONSTRAINTS ON, AND BETWEEN, STATIONS

10

6801

11

100
200
300
400
500

600
700
800
900

1100
1200
1300
1400
1500
1600

1700
1800
1900

350
6095

CHECK
1000

COMMON /NSTA/NSTAZNBLOCK

INTEGER#*2 Lo,LSOLVE,1DS

INTEGER ENDSIG/LIHE/,CONTIN,STANAM

COMMON /NORMEQ/REGN(3,3,2485),U(3, 70),L(2485)'LSOLVE
COMMON /WPH/WPW ¢ XPU IDEGF, IFSTA

LGC(K)= (K*(K*l))/?

1IFSTA=Q

NBLOCK=NSTA

CONTINUE

WRITE(6,6801) NSTA,NbLUCK

FORMAT (717)

READ (3) KCDECUNTIN

1F(CONTIN.EQ.ENDSIG) GC TQ 1000

1F(XODE.LE.O) GO TO 950

IF(KODE.GT.19) GO TO 950

1IF(KODE.GT.9) GO TC 11

GO TO (100,20C43004400,500,6004700,600,900),KODE
IF(KODE.LT.11) GU TG 950

KODE2=KODE~-10

GG TC (1100,1200,1300,1400,1500,41600,1700,1800,1900) yKODEZ2

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE
CALL CONAPL(KODE)
G0 TO 10
CONTINUE
CONTINUE
CONTINUE
CONTINUE
G0 10 950

CONTINUE
CONTINUE
CONTINUE
CONTINUE
CONTINUE -
CONTINUE
CALL CONAP2(KGDE2)
GO TO 10
CONTINUE
CONTINUE
CONTINUE
GO T0 950

WRITE{646095) KODE
FORMAT(*OILLEGAL CONSTRAINT CCDE IN CONAP lGNDREU',lB)
GO T0. 10

T0O SEE IF NOKMALS ARE SOULVABLE
CONTINUE
LSCLVE=1
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1010

00 1010 ISTA=1,4NSTa
N8=L0C(15T4)
WRITE(6s6801) NB,L(NS)
IF(LINBY.NEL.U) GG ¥C 1010
LSOLVE=(

IDEGF=1S1A

CONTINUE

RETURN
END
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[aNoNaNaNaNal

c

[aEaEaNaNe!

SUBROUTINE SOLVE S ’
SOLVE "NORMAL EQUATIONS AND COMPUTE INVERSE FOR UP TO 40 STATIONS
B8Y THE METHOD .OF TRIANGULAR MATRICES.
SEE DEPT. OF GEUDETIC SCIENCE REPORT NO. 86y SECTION 5
THE SCHEME USED TO ADDRESS THE UPPER TRIANGULAR PART OF THE REDUCED
NORMALS IS THE SAME AS THAT USED IN FORMRN,

IMPLICIT REAL*B(A-H,0-2)

INTEGER®*2 L LSOLVE
COMHUN/NORHEQ/REDN(313'2485)'U(as70)'L(2485)'LSOLVE

COMMON /WPW/WPH s XPU» IDEGF4NFSTA

COMMON/NSTA/NSTAL1,NBLOCK

DIMENSION DX(3,70) s TEMP(3,43, 70)1]A(3'3)'TB(313) TC(3) ) <
INTEGER*2PCODE(20) :
COMMON/PCODES/PCODE

INTEGER*2 P1VOT(210)

DIMENSIOUN RN(22365)4,RU{210),TEM(210),DXI(210)

EQUIVALENCE (RN.REDN):(RU,U.DXI).lTEM TEMP)

EQUIVALENCE(DXyU)

LOC(K)=(K*(K*1))IZ

1F(PCODE(16).LT.2) GG TO 5
DU 2 ISTA=1,NBLOCK
DO 1 JSTA=ISTA,NBLOCK -
NB=LOC (JSTA-1)}+ISTA
WRITE(6,6803) ISTA,JSTA,NE,L(NB)
6803 FORMAT(1HO,717)
WRITE(6+6801) ((REDN(I4JyNB)¢J=143)yI=1,3)
6801 FORMAT(//3¢3D20.8/})
1 CONTINUE
WRITE(646802) (U(I,15TA),1=1,3)
6802 FORMAT(/3D20.8) . o : -
2 CONTINUE - ' L e
S CONTINUE )
HECK TO SEE IF THIS SET OF EQUATIONS HAS BEEN MARKED SOLVABLE e
IF(LSOLVE.GE.1) 60 TO 10 o
9 WRITE(6,6001) IDEGF : : BT
6001 FORMAT( *OREDUCED NORMALS MARKED UNSOLVABLE. PROGRAM STOPS.%,15) .
STOP : o
10 CONTINUE
REWIND 2
NSTAL GIVES THE NUMBER GF GRUUND STATIONS IN THE ADJUSTMENT
NBLOCK GIVES THE TOTAL NUMBER OF BLGCKS OF UNKNOWNS IN THE REDUCED-NORMALS,
INCLUDING BOTH STATION COORDINATES AND BLOCKS OF LAGRANGE NULTIPLIERS.

THE EXPANDED (NBLOCK SQUARE) SET CF REDUCED NCRMALS IS SOLVED
NSTA=NBLOCK
REWIND 2 ’
DO 20 ISTA=1,NBLOCK
DO 20 JSTA=ISTA,NBLUCK
NB=LOC(JSTA-1}+ISTA
19 WRITE(2) ((REDN(IsJsNB)91=143),J=1,3)
20 CONTINUE
REWIND 2
NUNK=3%*NBLOCK
NB=LOC (NUNK)
DO 25 I=1.NB
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e X BN s EaXaXal

25 RN(1)=0.0C :
DO 30 ISTA=1,NBLOCK
00 30 JSTA=ISTAJNBLOCK
READ(2) TA
DO 30 I=1,3
11=3%(ISTA-1)+I
DO 30 J=1,3
JI=3%(JISTA-1)+J
IF(II.6T.JJ) 60 TO 30
IB=LOC (JJ-1) +11
RNCIB)=TA(1,J).

30 CONTINUE

IF(PCODE(16).LT.3) GO TO 41
DO 40 I=1,NUNK
DO 35 J=IyNUNK
NB=LOC (J-1)+]
TEM(J)=RNINB )
35 CONTINUE

40 WRITE(646805) 1,(TEM{J) 9J=14NUNK)

6805 FORMAT(1I546D19.10/250(5X+6D19.10/1))

41 CONTINUE

PERFORM FIRST REDUCTION ~ COMPUTE R AND C MATRICES -

DO 100 I=1,NUNK

FIND PIVOT ELEMENT

IP=0: -
PMAX=0.0
DO 55 J=I,NUNK
NB=LOC(J)
IF (DABS(RN(NB) ) .LE.PMAX) GO
PMAX=DABS(RN(NB))
1P=J

55 CONTINUE
PIVOT(1)=1P

IF(PCODE(16).GT.0) WRITE(6, 6806) 141PyPMAX

6806 FORMAT(217'DZO 10)

C.

IF(IP.EQ.O) GO TG 9
SWITCH ROWS AND COLUMNS
CALL SWITCH(I,IP)

1B=LOC(I)
RN(IB)=1.0/RN(IB)
IF(1.EQ.NUNK) Go TG 100
IPl=I+1 _
QUTER LOCP ——REDUCE RUW K -
DO 80 K=IP1,NUNK
KIB=LOC(K~1)+1
GET MULTIPLIER
TO=RN(KIB)*RN(18)
IF(TD.EQ.0.0)GU TO 80
REDUCE CONSTANT CGLUMN
RUIK)=RU{K)-=TD*RU(])
INNER LOQP
DO €0 J=K ¢NUNK

TC 55
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NB=10C(J-1)+1
KJB=LOC(J~1)+K
RN(KJB)=RN{KJIB)~TD®*RN(NB)
80 CONTINUE
100 CONTINUE

C

c .
XPU=0.0
DO 300 NMIP1=1,NUNK
I=NUNK-NMIP1+1
NB=LOC (1)

C ACCUMULATE XPU
XPU=XPU+RNINB)*RU{ ) *%2
1P1=1+1 ’

C

C BACK SUBSTITUATION |

1F(1.EQ.NUNK) GO TO 190
DC 150 J=IP14NUNK
IB=L0C(Y-1)+1
RUCI)=RU(I)I-RN(IB)*DXI1(J)

150 CONTINUE

190 CONTINUE . :
DXItI)=RN(NB)I*RU(1)

[aleNal

DEVELOP ROW 1 OF INVERSE MATRIX
IF(I1.EQ.NUNK) GC TO 300
DO 280 NMJPl=1,NMIP1
J=NUNK=NMJP1+1
TD=0.0
IE6LeBQI)TO=140 5 75 o o 2
0 270 K=1P1,NUNK
1B=LOC(K~1)+1
IF(J.EQ.1) GO TO 245
IF(K.GT.J) GO TO 240
JB=L0OC(J-1)+K
TE=RN(JB)
G0 TO 250
240 CONTINUE
JB=LOC (K-1)+J
TE=RN(JB)
GO TO 250
245 CONTINUE
TE=TEM(K)
250 CONTINUE
TO=TO-RN(IBY*TE .- .i-: .. -
270 CONTINUE
C STORE ITH ROW TEMPGRARILY IN TEM
TEM(J) =RN(NB)#TD
280 CONTINUE

N e

kLT, 3R

C ’ T e Ten

COPY ITH ROW OQUT OF TEM
DO 290 NMJP1=1,NMIP1
J=NUNK=NMJP1+1
J8=L0C(J-1)+1
RN(JB)=TEM(J) .«
290 CONTINUE
C .
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c UNDO PIVOTING
IP=PIVOTI(I)
CALL SWITCH(I,1P)
300 CONTINUE
REWIND 2

- DO 305 I=1,NUNK.

‘D0 304 J=I1yNUNK

1I8=L0C(J=-1)+1]
304 TEM{J)=RN(IB)

WRITE(2) (TEM(J),J=1,yNUNK)

IF(PCODE(16).LT.3) GO TO 305

WRITE(696805) 14(TEM(JD)9J=ToNUNK),DXI(I)
305 CONTINUE

REWIND 2
DO 310 1=1,NUNK
READ(2) (TEM(J)4J=14NUNK)
DO 310 J=I,NUNK
ISTA=(1-1)/3+1
JSTA=(J-1173+1
NB=LOC(JSTA-1)+ISTA
I11=1-3%(ISTA-1)
JJ=J-3*%(JSTA-1)
REDN(I1433JyNB)=TEM(J)
IF(ISTA.EQ.JSTA) REDN(JJ,T11,NB)=TEM(J)
310 CONTINUE
REWIND 2
c
C OUTPUT THE SOLUTION AND COVARIANCE BLOCKS CORRESPONDING TO THE STATION UNKNOWN
DO 320 ISTA=1,NSTAL
NB=LOC (ISTA)
DO 320 I=1,3 _ .
TEMP(1,1, ISTA)=REDN(I,1,NB)
320 CONTINUE
WRITE(2) ((TEMP(I,1,1STA)sI=1,3),ISTA=1,NSTAL)
DO 350 ISTA=1,NSTA
IF(ISTA.GT.NSTAL) GO TO 329
DO 330 JSTA=ISTA,NSTAl
'NB=LOC (JSTA-1)+ISTA
DO 330 I=1,3
DO 330 J=1,3
TEMP(1 33y JSTA)=REDN(1,J,NB)
330 CONTINUE N
WRITE(2) (DX(I4ISTA)oI=1¢3)y (((TEMP(I,J4JSTA),1=1,3)4J=1,3),
1JSTA=1STA,NSTAL)
339 CONTINUE ,
IF(PCODE(16).LT.2) 6O TO 350
IB=LOC(ISTA)
WRITE(656002) 1STA.(DX(I5ISTA),1=1,43), ({REDN(1,J,1B),
1 J=1,3),1=1,3)
6002 FORMAT(///15/3F16.8//3(3D16.8/})
DO 340 JSTA=ISTASNSTA
NB=LOC(JSTA-1)+ISTA
340 WRITE(6,6003) JSTA,((REDN(I,J,NB 19J=143) y1=1,3)
6003 FORMAT(//15//3(3016.8/))
350 CONTINUE
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REWIND 2
RETURN
END
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SUBRGUTINE SWITCH(I,]IP)

C SWITCH ROW AND COLUMN I WITH ROW AND COLUMN IP
IMPLICIT REAL*B(A~H,0-2)
INTEGER*2 L ,LSOLVE
COMMON /NORMEQ/REDN (393924851 9U(3+470),4L(2485) +LSOLVE
COMMON/NSTA/NSTA1,NBLOCK
DIMENS ION ‘RN{22365),RU(210)

" EQUIVALENCE (RNyREDN) ¢+ (RU,U)
LOC(K)=(K*(K+1))/2
NSTA=NBLOCK
NUNK=3*NBLOCK
‘IFUIP.EQ.1) RETURN
DO 25 J=14NUNK
NB=LOC (J-1)+I
IF(J,EQ.1) GO TO 22
IF(J-IP) 16,425,18

16 1B={0C(IP=-1)+y
GO TO 24

18 1B=LOC(J-1)+1P
GO To 24 .

22 IB=LOC(IP)
GO To 24

24 CONTINUE
TO=RN(1B)
RN(18)=RN(NB])
RN(NB)=TD

25 CONTINUE
TO=RU(1P)
RUCIP)=RU(I) -
RUCT)=TD
RETURN
END
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i0

DOUBLE PRECISION FUNCTIOUN ANRADD(ISGNy IDEGyMIN,SEC)
INTEGER%2 MINUS/1H-/, PLUS/lH#/.AHPSAN/lH&/:ISGN,]DEG,MIN
DOUBLE PRECISION SEC

IF(IDEG.GE.O) GO YO 10

ISGN=MINUS

" IDEGE-10EG

CONTINUE
ANRADD= (DFLDAT((IDEG*bO’HlN)*bO)+SEC)1206264.80625
IFCISGN.EQ.MINUS } ANRADD=-ANRADD

IFCISGN.EQ.AMPSAN) ISGN=PLUS
RETURN

END
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INTEGER FUNCTION KSTAID(ID)
COMMON/STAORD/KORDER(150)
COMMON/NSTA/NSTA
KSTAID=0
C SEARCH TABLE OF STATION IDENTIFIERS FOR THE INTERNAL NUMBER OF THlS STATION

DO 10 I=1,NSTA
IF{KORDER(I) .NE.ID) GO TO 10
'KSTAID=I
RETURN

10 CONTINUE

/  RETURN
END
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SUBRDUTINEUVHTG3(UVH.DATUHoPHI,LAH.H)
c CONVERT RECTANGULAR TO GEODETIC CUORDINATES
C ALIAS FOR UVWTG
IMPLICIT REAL*B(A-1)
DIMENSION UVW(3) ,DATUM(2)
LAM=DATANZ2 (UVH(2) yUVH(1]})
IF(LAM.LT.0.0) LAM=LAM+6.28318530717958
"OME2=(DATUM(2) /DATUM(1) ) %*2
E2=1.0~0ME2
-DSQRT(UVH(l)¥*2+UVH(2)**2)

WP=UVNW({3) /P
TP1=WP /OME2
PHIL=DATAN(TP1)

5 TTP=TP1%TP1
SECP—DSQRT(l.O*TTP) '
N=DATUM(1 )} *SECP/DSQRT(1.0+0ME2*TTP} .
H=P%*SECP~N
TP2=WP/(1.0- EZ*NI(NOH));
PHI=DATAN(TP2)
IF{DABS(PHI-PHI1).LT.1.D~12) RETURN
PHI1=PHI ’
TP1=TP2
GO T0 5
END -
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SUBROUTINE UVNTG2{UVWDATUMPHI yLAM,H)
o CONVERT RECTANGULAR TO GEODETIC CGORDINATES
c ALIAS FOR UVHTG
: IMPLICIT REAL#*8(A-2)
DIMENSION UVW(3),DATUM(2)
LAM=DATAN2(UVW(2) yUVH{1))
IFCLAM.LT.0.0) LAM=LAM#+6.28318530717958
"OME2=(DATUM(2)/DATUM(1) ) **2
E2=1.0-0ME2
P=DSQRT{UVW(1)**2+UVW(2)**2)
WP=UVW(3) /P
TP1=WP /0ME2
PHI1=DATAN(TPL)
5 TTP=TP1*TP1
SECP=DSQRT(1.0+TTP)
N=DATUM(1 )*SECP/DSQRT(1.0+0ME2%TTP)
H=P*SECP~N
TP2=WP /(1 .0—E2*N/ (N+H) )
PHI=DATAN(TP2)
IF{DABS(PHI-PHI1).LT.1.D~12) RETURN
PHI1=PHI
TPL=TP2
GO TO 5
END
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" SUBROUTINE DELL(DX,DXCOV, PHl,LAM,H,DATUM,DP4DLsDH,DELCOV,4RLX)

12
14

15

IMPLICIT REAL*B(A-H,0-2)

OIMENS ION DX(3),DXCOV(3,3),DATUM(2),DELCOV(343),DE(3),GE(3,3)

DIMENSION RLX(3,3)
REAL#8 LAM
ESQ=1.0-(DATUM(2)/DATUM(1)) **2
CP=DCOStPHI)
SP=DSIN(PHI)
SL=DSIN(LAM)
CL=DCOS(LAM)
EW=DSQRT(1.0-ESQ*SP*%2)
EN=DATUM(1) /EW

EM=EN%* (1.0-ESQ)/EW*%*2
H1=EM+H

H2=(EN+H)*CP

"GE{141)==SP*CL/H]

GE(142)=-SP*SL/H1
GE(1,3)=CP/H1
GE(2,1)=-SL/H2
GE(242)=CL/H2
GE(2,43)=0.0
GE(3,1)=CP*(CL
GE(342)=CP*SL
GE(3+3)=SP

CALL DGMPRDIGEDXsDEs343,1)
0DP=DE(1)
DL=DE(2)
DH=DE(3)

DO 14 1=1,3

DO 14 J=1,3

SUM=0.0

DO 12 K=1,3

DO 12 L=1,3
SUM=SUM+GE ( 1,K) #DXCOV(KsL)*GE(J,L)
DELCOV(1,J)=SuUM

DO 15 J=1,3 o
RLX(19J)=GE(1yJ)*H1
RLX(29J)=GE(2yJ)%H2
RLX{3,4)=GE(3,J)

RETURN
END
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'

SUBROUTINE DANG(ANGR ¢ 1SGN 9 IDEG9MIN,SEC)
IMPLICIT REAL#8{A~Hy0y2Z)

INTEGER BLANK/1H /7, MINUS/1H-/
ISGN=BLANK

IFCANGR.LT,0.0) ISGN=MINUS
ANGD=57.295779513052D0*DABS [ ANGR)
IDEG=IDINT(ANGD)
"FMIN=ANGD-DFLOAT(1DEG)
FMIN=FMIN®*60.0

MIN=IDINT(FMIN)
SEC=(FMIN-DFLOAT(MIN) ) *60.0
RETURN

END
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c

SUBROUTINE UVWTG{UVW,DATUMyPHI s LAM,H)
CONVERT RECTANGULAR TO GEQDETIC COORDINATES
IMPLICIT REAL*8(A-2)
DIMENS ION UVW(3),DATUM(2)
LAM=DATAN2(UVW(2),UVW(1))
IF(LAM.LT.0.0) LAM=LAM+6.28318530717958
OME2=(DATUM(2) /DATUM( 1)) *%2
€2=1.0-0ME2 4
P=DSQRT(UVN(1)*%2+4UVN(2)%%2)
WP=UVN(3)/P
TP1=WP /OME2
PHI1=DATAN(TP1)
5 TTP=TP1*TP1
SECP=DSQRT(1.0+TTP)
N=DATUM(1) *SECP/DSQRT{1.0+0OME2%TTP)
H=P*SECP-N
TP2=WP /(1 .0—-E2%N/(N+H))
PHI=DATAN(TP2)
IF(DABSIPHI-PHI1).LT.1.D-12) RETURN
PHI 1=PHI]
TPY=TP2
GG 10O 5
END
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“FUNCTION KSIDZ(IS)
KSID2=KSTAID(1S)
IF(KSID2.GT.0) RETURN
WRITE(646000) 1S
6000 FORMAT{(//10Xs'STATION NUMBER NOT FOUND IN INPUT LIST?,15)
sTop
END
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SUBROUTINE SATXYZ (XSeYSsZS)

IMPLICIT REAL®B8(A-H,0-Z1)

INTEGER STANAM,IDS*2 .
CDMMON/STALUC/STAUVH(3.150).DATPRM(Z.IS).DATNAM(A,IS).
1STANAM(5,150) ,IDS(150) -

COMMON/STAPLH/STAPLH(2,150)

COMMON /RANGED/RAN(50) yVARRA(50) yRMSMCyNSTE,KSTATE(50), ITESTgNITR>
"DIMENSION At 3),ANt3,3),C03),L{3),M(3},AX(2)

c GET THE FIRST APPROXIMATION TQ THE SATELLITE POS]TIUN

PI=3.1415926535¢

TPI=2.%PI .

PHI=0.0

ALAM=0.0 o
1S=NSTE :
DO 20 I=1,1S

PHI=PHI+STAPLH(14KSTATE(]L)}}

STALNG=STAPLH(2,KSTATE(I))

IF(1.EQ.1) GO TO 19

IF(STALNG=STAPLH{2 4KSTATE(1)).GT.PI1)STALNG=STALNG-TPI
IF(STAPLHI2yKSTATE(1) ) ~STALNG.GT.PI}STALNG=STALNG+TPI

19 ALAM=ALAM + STALNG
20 CONTINUE

PHI=PHI/1S

ALAM=ALAM/ 1S

H=1.6D06

IDTS=IDS(KSTATE(1))

CALL UVWD(DATPRM{1,IDTS) ,DATPRM{2yIDTS) sPHI,ALAMyH yXS,YSsZS)

NITR=0

25 CONTINUE

c START ANOTHER ITERATION

NITR=NITR+1
WPW=0.0
DO 30 I=1,3
CtIN=0.0
DO 30 J=1,3

30 AN(1,4)=0.0

DO 50 IS=1,NSTE
DX=XS~STAUVW(1KSTATE(IS))
DY=YS~STAUVW(2,KSTATE(IS]}}
GZ2=2S~STAUVH(3,KSTATE(IS))
R=DSQRT(DX*DX+DYXDY+DZ*DZ)
AL=RAN(IS)-R
WPW=AL®AL/VARRA{IS)2#2+WPW
A(1)=DX/R
A{(2)=DY/R
A(3)=DZ/R
00 40 1=1,3
C(I)=CLI)+A(T)*AL/VARRA(IS)®%%2
DO 40 J=1,+3

40 AN(I9J)=ANtT,J)+A(]1)%A(J) /VARRA(]IS)*%2

50 CONTINUE
CALL DMINV(AN,3,DET,L M)
CALL DGMPRD{ANJC3sAX9343,1)
RMSMC=WPW/(NSTE~3)

C TEST FOR CONVERGENCE

ICONVR=1

-179-



DO 55 I=1,3

IF(DABS(AX{I1)).GT.0.01) ICUNVR=0
55 CONTINUE :
c
C UPDATE
XS=XS+AX(1)
YS=YS+AX(2)
2S=ZS+AX(3) .
IF(ICONVR.EQ.1) RETURN
IF(NITR.LT.20) GO TO 25
SET ITEST =2 INDICATED THAT CONVERGENCE WAS NOT CBTAINED
ITEST=2
RETURN
END

c
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5

SUBROUTINE RNG360° =~ & - : C T
IMPLICIT REAL®8 (A-H,0-2) :
C $/360 VERSION OF SAR PROGRAM FOR SATELLITE DlSTANCES

INTEGER*2 PCODE(20)

COMMON /PCODES/PCODE

INTEGER®4.  ENDSIG/1HE/ CONTINJDELCOD(2)/1H +1H*/4ECODE
INTEGER®2 ID(50),1YR(50),1DAY(50),IHR(50)+MIN(50)
DIMENSION SEC(50),RAN{S50) +VARRA(S50) 4MONTH{(50) +KSTATE(50)
DIMENS ION DN(3'391‘0),8N(3y3y50)9DDN(3.3)'DK(3'150)yDDK(3)9A(3)
COMMON /NSTA/NSTA

DIMENSION NOBSTA(150),VPVSTA(150)
COMMON/RANGED/RANy VARRA ¢ RMSMC yNSTE yKSTATE«ITESToNITR -
DIMENSION POSSAT(3),DX(3)

DIMENSION L1(3),L2(3)

INTEGER STANAM, 1DS%*2 .
COMMDNISTALOC/SIAUVN(3p150)pDATPRH(ZylS),DATNAH(#,!S). "
ISTANAM(5,150),1IDS(150)

COMMON /STAORD/KORDER 1150)

COMMON/WPW/WPHW ¢ XPU » IDEGFyNFSTA

COMMON /STAPLH/STAPLH(2,150)

DATA RPD/57.295779513/

REWIND 2
REWIND 3
READ (3) TD,STAPLH , '
WRITE(6,6004) TD ’-
6004 FORMAT(IIZOX.'TEST VARIANCE ='F20.2)

R N

WRITE( 6,6001) : g e
6001 FoanAr(///'osrArloN'.rlz.-oATE-.rza.-Tlmev.taa.-RANGs'.Tbo.
1 PUNCERTAINTY®,T76,*MISCLOSURE?) -
C
c .
DO 70 KSTA=1,NSTA
NOBSTA(KSTA)=0
VPVSTA(KSTA)=0.0
D0 70 1=1,3
DK({I4KSTA)=0.0
DO 70 J=1,3 PR
DN(14J,KSTA)=0.0 oo
70 CONTINUE - i o

KEVENT=0
EPR=0.0
210 CONTINUE g ' v :
READ (3) IEVENTsNSTE,EPRy (ID(IS),1YRIIS),MONTH(IS), IDAY(IS),
X IHR(IS),
IMIN(1S) SECUIS) yRANUIS),VARRA(IS) JKSTATECIS) 1 15=1,NSTE) yCONTIN’
WRITE(6,6008) IEVENT
6008 FORMAT(/ 1X,*EVENT*,I6)
ITEST=0
1IF(NSTE.GT.3) GO TO 220
C  SET ITEST =1 TO INDICATE THAT LESS THAN FOUR STATIONS WERE OBSERVING
ITEST=1
DO 280 1S=1,NSIE
280 WRITE(646009) IDLIS),1YRIIS) \MONTHUIS) 5 1IDAYLIS) s IHR(IS),
IMIN(IS),SEC(ISYsRANLIS) yVARRALLS)
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6009 FORMAT(1742X912+1XsA391X91292X9213¢FB8e49F18,3¢vF15.29F15.2)
GO TG 630
220 CONTINUE
caLL SATXYZ(XSvYSoZS)
IFCRMSMC.GT.TD) ITEST=3
IFUITEST) 311,300,311

SET UP DBSERVATIUN EQUATIONS FOR THIS EVFNT AND COMPUTE
CONTRIBUTIONS TO THE NORMAL EQUATIONS
300 CONTINUE
KEVENT=KEVENT+1
DO 310 I=1,3
DDK(I)=0.0
DO 310 J=1,3
DON(1,J4)=0.0
310 CONTINUE

[aNaNaNgl

311 CONTINUE
POSSAT(1)=XS
POSSAT(2)=YS
POSSAT(3)=2S
DO 390 IS=1,NSTE
KSTA=KSTATE(IS)
DO 305 1=1,3
305 DX(I)=POSSAT(1)-STAUVW(I,KSTA)
RC=DSQRT(DPDOT (DX, DX y3))
AL=RAN(1S)-RC
WRITE(646009) IDCIS)oIYR(IS) ,MONTH(IS) ,IDAY(1S),IHR(IS),
IMINCIS)»SEC(1S) 4RANCIS) s VARRA(IS) AL
IF(ITEST) 390,307,390
307 CONTVINUE
COMPUTE WEIGHT
WT=1./VARRA(IS)*%2
DO 306 1=1,3
306 A(I)=DX(1)/RC
c
COMPUTE VPV OF MISCLOSURES
VPVTO=AL*WT#AL
VPVSTA(KSTA)=VPVSTA(KSTA)+VPVTO
NOBSTA(KSTA)=NOBSTA(KSTA)+1
COMPUTE CONTRIBUTIONS TO NORMAL EQUATIONS
DO 330 1=1,3
TERM=A (1) *WT*AL
DK{I,KSTA)=DK(I,KSTA)-TERM
DDK (1) =0DDK(I)+TERM
DO 330 J=1,3 .
TERM=A (1) #WT*ALJ) .
BN(T,J,IS)==TERM
DN(173sKSTA) =ON( 13 JyKSTA)4TERM
DON(1,J)=DDN(I,J)+TERM
330 CONTINUE
390 CONTINUE

IFCITEST) 600,391,600
391 CONTINUE
CALL DMINV(DON,3,0ET,L1,L2)

WRITE(2) NSTE, DDNvDDK.(((BN(l.J.lS).[ 1’3)1J 1.3),KSTATE(IS)¢
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1IS=14NSTE) ;CONTIN - ’ :
600 CONTINUE :
WRITE(646011)RMSMCNITR
6011 FORMAT(® - " : .VARIANCE -OF EVENT ADJUSIMENT "FIO 2y

1' AFTER'y134% ITERATIONS')
IF(PCODE(11)) 610,630,610
610 IF(PCODE(11)-3) 611,6124611
611 WRITE(646022) POSSAT
6022 FORMAT(' SATELLITE POSITION®*y3F15, 3)
IF(PCODE(11)=2) 6121630.612 .
612 IDTS=IDS(KSTATE(1)} - B '
CALL UVHTGZ(POSSAT'DATPRH(lvlDISl PHl.FLAM'Hl
PHI=PHI*RPD
FLAM=F LAM*RPD ;
WRITE(646023)° PHIoFLAM:H
6023 FORMAT(! -GEOD. .COGRD. OF SATELLITE"ZFIQ 69Fl4. 1)
630 CONTINUE
IF(ITEST) 290,6409290
290 WRITE(646015) ITEST
6015 FORMAT(1H ,27X,*ENTIRE EVENT DELETED. OELETION CODE = %I3)

C ITEST=0 MEANS A GOOD EVENT
c TTEST=1 MEANS NOT ENCUGH OBSERVATIBNS
c ITEST=2 MEANS MORE THAN 20 ITERATIONS WERE REQUIRED TC GET APPROXIMATE
c SATELLITE PQOSITION
c ITEST=3 MEANS THE EVENT IS REJECTED BECAUSE THE EVENT VARIANCE IS GREATER
C THAN THE TEST VARIANCE
640 CONTINUE
C
IF(CONTIN.EQ.ENDSIG) GO TO 700
G0 71O 210
C
c
700 CONTINUE
c ) .
CHECK TO SEE IF END SIGNAL HAS BEEN WRITEEN UN DATA SET FT02

TFCITEST.EQ.O0) GO TO 710
BACKSPACE 2
o READ AND WRITE LAST RECORD FROH LSST GOOD EVENT
READ (2) NSTE, DDN.DDK'(‘(BN(]'J'IS)’I=1’3)'J=1'3)’KSTATE‘IS,'
11S=1,NSTE)
WRITE(2) NSTE, DDN.DDK,(((BN([,J,]S),] 1,3),4= 193)9KSTATE(|S)'
11S8= 1|NSTE)9C0NT]N
710 CONTINUE
WRITE(2) (C0 DNEI gJoKSTA) 5 1=193) 9 DK(JoKSTA) yJ=14e3)y
XKSTA=14NSTA)
C HRKTE(6,6018)(KURDER(KST&),((DN(I,J,RSTA)'J 193),1=1,3),
C IKSTA=L1oNSTA)
6018 FURMAT((-15/3(3018.7/)))
WPW=0.0
NOBS=0
WRITE(6,6019)
6019 FORMAT(1H1,8(/) 410Xy *ANALYSIS OF MISCLOSURES BY STATIGN'//
1T104*STATIUN®y T209 "NUMBER CF GBSERVATIGNS'4yT504'RMS MISCLCSURE?Y)
DC 750 KSTA=1,NSTA
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NOBS=NOBS+NOBSTA (KSTA)
WPH=WPW+VPVSTA(KSTA)
RMSMC=0.0
IF(NDOBSTA(KSTA), 6T.0) RMSMC= DSQRT(VPVSTA(KSTA)IDFLOAT(NOBSTA(KSTA)
1))
"WRITE{6,6020) KORDER(KSTA) yNOBSTA(KSTA) yRMSMC
6020 FURMAT(TL10,17+T35,17,T504F14. 2)
750 CONTINUE
IDEGF=NOBS—-3*KEVENT
RMSMC= DSQKT(NPHIDFLOAT([DFGF))
WRITE(6,6021) NOBSyKEVENT'lDEbF,HPH.RMSMC
6021 FORMAT(////10X, *TOTAL NUMBER OF GOGD OBSERVATIONS®,760,18/7/
110X *TOTAL NUMBER OF GGOD EVENTS'T60,18+//

210X ¢ *CORRESPUNDING DEGREES OF FREEDOM®,T60,18//
310X, 'TOTAL SUM OF SQUARES OF MISCLUSURES?'yT60¢FL1.2//

410X *CORRESPONDING STANDARD DEVIATION OF UNIT WEIGHT®,T60, Fll.Z)
RETURN
END
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SUBROUTINE RRDATA |
IMPLICIT REAL*8(A-H,0-2) :
INTEGER®*4 ENDSIG/1HE/,CONTIN
INTEGER®2 ID(50),1YR(50), IDAY(50), IHR{50),MIN{50)
DIMENSION SEC(50),RAN(50) sVARRA{50), HONTH(SO)'KSTATE(SO)
COMMON/STAPLH/STAPLH(24,150) . :
COMMON/70BSD/0BSD(150) ,0CV0OBSD
INTEGER*2 PCODE(20)
COMMON/PCODES/PCODE
MAXSTE=50
SPR=206264.80625
P1=3.14159265358
PI2=2.0%*P]
WPWSP=0.0
READ(5,5004) TD,0VOBSD ) T :
WRITE(646004) TD: - v <o o ¥ ' .
5004 FORMAT(F20.2,F10.2) :
6004 FORMAT(//20X,2TEST VARIANCE =%F 20, 2) =

c .
€ START DATA INPUT
REWIND 3
WRITE(3) TD,STAPLH
1s=0
IEVENT=0
EPR=0.0 :
C  ENTER HERE FOR A NEW OBSERVATION
c . _

200 IS=IS+1
205 CONTINUE
READ(S,IOZZ.END-901)lD(lS).lYR(lS).MONTH(IS)'IDAY(IS).IHR(IS)-
IMIN(IS)oSEC(IS) o SEC1,RAN(IS) ,RAL, VARRA(IS),CONTIN
RAN(IS)=RAN(IS)+RA1/1000.
1022 FORMAT(14X,144512,F2.0,F4.0,F16.0,F3. 0.11X.F6 399X 4AL)
IF(SEC1.LT.1.) GO TO 201
SEC{IS)=SEC(IS)+SEC1/10000.
Go TO 202
201 SEC(IS)=SEC(IS)+SECL. - : .-
202 CONTINUE
IF(CONTIN.EQ.ENDSIG) GO TO 250
DOT=DFLOAT(MJD(IDAY( IS) sMONTH(IS) , IYR(IS)))
DDT—DDT+(DFLOAT((lHR(IS)*60+MIN(IS))*60)+SEC(IS))/864 002
IF(IS.LE.1) GO TO 210
C  THIS TEST SHOULD BE TRUE ONLY FOR THE FIRST CARD OF THE FIRST EVENT.
Cc
CHECK FOR END OF EVENT, ALLOWING O. 5 ms DISCREPANCY
IF(DABS(ODT~EPR) .GT.0.58D-8) GO TO 250

c

C ENTER HERE TO BEGIN A NEW EVENT

C THE FIRST ENTRY OF THE EVENT SHOULD ALWAYS BE MADE WITH IS=1
210 CONTINUE

100=1D(IS}) -
KSTA=KSTAID(1DD)
IF(KSTA.GT.0) GO TO 220
WRITE(6,6042) 1DCIS) oIHR(1IS) 4MIN(1S),SEC(1S) IDAY(1S) yMONTH(IS),
1IYR(IS) .
6042 FORMAT(S5X, °*STATION NUMBER NOT FOUND IN INPUT LIST*,15,3X,213,
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1FB8.493Xs13,A3,124"0CBSERVATION IGNORED')
GO TO 205
220 CONTINUE

IF{PCODE(12). EQ.I) VARRA(1S)=0BSD(KSTA)
IF(PCODE(12).EQ.2) VARRA{1S)=0VOBSD
KSTATE(IS)=KSTA

EPR=DDT

G0 TO 200

KeXs)

END OF INPUT FOR THIS EVENT. BEGIN PROCESSING
250 CONTINUE '
NSTE=1S-1
TEVENT=]1EVENT+1
IFCIHRINSTE+1) .EQ.99) CONTIN=ENDSIG
WRITE(3) IEVENT,NSTE,EPR, (ID(1S), lYR(lS)qHONTH(lS)'IDAY(lS).
X IHRCIS),
IHIN(IS)'SEC(lS),RAN(IS).VARRA(IS),KSTATE(lS),IS—lvNSTE)'CDNTlN
TEST FOR END OF INPUT
IF(CONTINL.EQ.ENDSIG) GO TO 700
PREPARE FOR NEXT EVENT
ID(1)=ID(NSTE+1)
IYR(1)=IYR(NSTE+1)
MONTH(1)=MONTH(NSTE+1)
IDAY(1)=1DAY (NSTE+1)
IHR (1) =1THR{(NSTE+1)
MIN(1)=MIN(NSTE+1)
SEC(1)=SEC(NSTE+1)
RAN(1) =RAN{NSTE+1)
VARRA(1)=VARRA(NSTE+1)
c RETURN TO START A NEW EVENT
1s=1 .
60 TO 210

[a 2N o]

700 RETURN

ERROR EXITS
901 CONTINUE
ENTER HERE IF END SIGNAL CARD IS MISSING FROM INPUT DATA DECK
CONTIN=ENDSIG
60 10 250
END

O OO0 O
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