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FOREWORD

kThe Space and Informations Systems Division (SID) of North American
Aviation, Inc. (NAA) under Contract AF 30(602)-3628 with the Rome Air
Development Center (RADC) of the United States Air Force agreed to perform
a ten month study designed to develop digital computer techniques in tro
areas of interest to the RADC tracking facility. First, a differential

r$. correction geocentric orbit computation program was to be prepared for
reducing observed data which will operate in a near optimum manrner at
the RADC computer center. And second, a computational logic which could
be utilized in the tracking process for driving the tracking antennae in
an open loop mode was to be prepared. This second program would employ
general perturbations theory in the definition of the predicted trajectory.

This report was prepared as partial documentation of the first task.
The contents present the prog.-am logic and FORTRAN listings for a data handling
preliminary processor to be utilized in conjunction with the differential
corrections program (DCP) described in a previous volume (SID 65-1203-1).
This preprocessor is designed to accomplish two functions, one uf which
is required in the main program. The first function involves the i orting
of the data and the arrangement in a chronological format. This operation
provides a convenient means of incorporating data from several stations
and assures that recursive form of the data filter employed in the DCP
will perform as desired. The second functica provided is a preliminary
smoothing and editing of the raw data. This operation is accomplished by
fitting the raw data acquired over a short interval of time to a parabolic
arc in the sense of least squares for the purpose of eliminating random
scatter. The smoothed data are edited by recording only the mid po.nt of
the segment on a magnetic tape along with all of the information necessary
to identify it. This latter step is performed in the interest of
computational efficiency with particular thought given to optimizing the
program for the RADC facility.

This contract has been managed at NAA S&D by Mr. J. A. Hill and
directed by Mr. G. E. Townsend. Mr. Townsend also conceptually designed
the rationale for the preprocessor and assisted in its preparation. The
formal logic for the program in addition to its development and checkout
are the products of Mr. C. C. DeBilzan.

The assistance offered by RADC personnel under the direction of
Mr. Gordon Negus (Program Manager) is gratefully acknowledged.
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ABSTPACT

The Preprocessor for the Differential Corrections Geocentric Orbit
Computations Program (FS4-305A) is a data handling routine required in the
reduction of satellite observations, and the computation of the associated
trajectories. This program reads a specially generated magnetic tape con-
taining coordinate data observations fi'om a series of tracking stations. The
data is smoothed, using least squares criteria, and then ordered. Primary
ordering is time and secondary ordering is by station. Output includes a
magnetic tape which is required as input for the Differential Corrections
Geocentric Orbit Computations Program (FS4-305).

iii
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INTRODUCTION

FS4-305A is a special purpose, FuRTRAN IV, IBM 7094 program which
was written and checked using the standard North American Aviation monitor
system (NAASYS-version 13). The primary function of this program is to
act as the interface between the tracking stations and the Differential
Corrections Geocentric Orbit Computations Program (FS4-305). As illustrated
in figure 1, this function is executed by performing a preliminary smoothing
of the data to eliminate random scatter and reduce the magnitude of the
processing task (by eliminating some of the data) and by arranging the
data in the format expected by FS4-305. The arrangement involves the
construction of a seven word record for each smoothed set of observations,
identifying the time, the station, the type of data and the observation
vector. This data is presented on a magnetic tape, chronologically.

The data will be read from thfs tape in the differential
corrections program (DCP) described in SID 65-1201-1 by subroutine DATAPE.
This routine is the sole link between the preprocessor and the DCP, and as
such it assures complete consistency between the two programs. Accordingly,
its design and operation are discussed in this document and in the documen-
tation of the DCP.

It was anticipated that the amount of data being processed may, at
times, require storage capabilities exceeding core. Further, it was
recognized that the dimensions of certain key arrays within the program
are dependent upon the type of data being processed. Therefore, provision
has been made for auxiliary tape storage (mechanized by the program only
if required) and variable dimensioning has been utilized. Proper adjustment
of array dimensions, either through knowledge of certain key parameters
beforehand or with the aid of diagnostics written under program control,
assures that the auxiliary tape storage mode will usually not generally
require mechanization.

Though the program was developed on the MhM 7094 it was also designed to be
operated on CDC equipment (specifically the CDC 1604) and other systems
possessing FORTRAN capabilities but not utilizing NAASYS. Consequently, to
minimize possible system incompatabilities, a "straight forard" approach
wa& utilized in both setting up tht program logic and coding. Although this
philosophy prec-uded the use of machine language routines, it Ia believed that
the programs efficiency has not been appreciably impaired. Further, operation
on new systems such as the IBM 360 is assured.

-1-
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SUMMARY OF PROGRAM CHARACTERISTICS

This data handling routine has been dqsigned to assure complete
consistancy between the differential corrections program and the sources
-f the observation data. For this reason, befo 'e proceding
with the discussion of the logical structure of the routine, it is singularly
instructive to outline the requirements imposed on the output of the
preprocessor and some of the features which are desired of it during its
operation. An itemization of such features is presented below:

9Output is a magnetic tape required as input to FS4-305.

*Output tape contains a series of points, each point consisting of seven
words indicating time, station, data type, and up to three coordinates.

*Input requirements include a specially generated magnetic tape containing
coordinate data from tracking stations recorded at abouL one second intervals.*:

a. coordinate data may be any combination of the following types.
1. Range
2. Range rate
3. Azimuth, elevation
4. Range, range rate
5. Range, azimuth, elevation
6. Range rate, azimuth, elevation

*Up to ten separate tracking stations permitted (single satellite).

'Other than exceeding data storage capabilities, no limiu on number of passes
per station.

*Smooths data using l.east squares criteria.

*Orders data. Primary ordering is time, secondary ordering is station.

•Observational sphere of influence of adjacent stations may overlap.
i.e. More than one station may record otservations at the same time.

OFORT7 N IV (IBSYS-version 5, NAASYS-version 13).

*Variable dimensions.

*C&IMON not used.

%Raw and/or smooth data print options.

*Auxiliary tape storage mechanized by program if required.

* If 4f >,I subroutine FIT should be reviewed and fewer than 20 data points
smoothed at a time. -3-
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*Requires special tapes be mounted.

*Required logical magnetic tape units:
tape 5, System input
tape 6, System output
tpe 8, System open. Used for inputting raw data observations from

*tracking stations.
tape 9, System open. Used for:

1.) temporary data storage.
2.) inputting smoothed and ordered data.

o Due to the general nature and flexability of the program, the maximum
number of raw data points that may be processed is difficult to estimate.

Generally, the upper limit will be reached if the number of smoothed
data points exceeds the dimension of the STN array.

Requires approximately 134658 a 5941i locations excluding locations
required for STN,A,AA arrays and I/0 buffers.

* Loading and execution time for the sample problem was less than 2 minutes
on the IBM 7094,

SID 65-1203-2
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METHOD

FS4-305A reads a specially gex.erated magnetic tape containing
observations of a Satellite from a series of tracking stations. The
data is smoothed using least squares criteria and chronologically ordered.

After making the required unit transformations. the data is output on
magnetic tape in the format required by the main program, FS4-305.
Provision is made for optional printout of the raw and/or smoothed data.

This furtion is executed by mechanizing the following routines:

PRESET presets input data

REED reads input data

NBLANK tests for blank inpu.t data fields

PRINTI prints input data

PROCES program driver, storage allocation, tape mechanization

NOPT number of raw data points per file

PRITR prints raw data

CHRONT sequences data chronologically

FIT sets up data for smoothing

SMTII smooths data

MATMPY matrix multiply

MATINV matrix inversion

CHOOSE check for singuilar matrix

TRANS P matrix transposition

GSORT orders data

CHANGE unit conversion

TWTF converts time to days

BESSEL refers time to the epoch of 1950.0

CXA converts degrees to radians

CXAPLB converts doppler reading to range rate

PRINTS prints smooth data

-5-
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The following pages outline nazenclature, method and other pertinent
details for each subroutine. An apcreciation for the complete program logic
may be gained by referring to the '.ow diagrams of the program driver
routine PROCES. Details concerning; the required input tape may be found
in the section concerning program ueration whereas the cutput tape is
described in the program output secl;,ion. A description of the routine
required to read the output tape (-UBROUTINE DATAPE) is enclosed as appendix
I. (This routine is the interface between FS4-305A and FS4-305. It is an
integral portion of FS4-305).

-6-
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MAIN routine

Purpose: Main routine

Deck Name: MAIN

Suibroutines Required: PRESET (presets input data)
REED (reads input data)
PRINTI (Drints input data)
PROCES (program driver)

Functions Required: None

Approximate Deck Length: 1668 a 11810 excluding locations required for STN,A,
and AA arrays.

Method:

After setting the variable dimensions, input data is initialized, read
in, and printed. Control is then transferred to SUBROUTINE PR0CES which
serves as the driver programs

See the sample problem and "Program Operation" section for assistance in
setting the variable dimensions MAXSTN, MAXA, and MAXAA.

-7-
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~Subroutine PRESET

;1 Purpose: Presets input data and certain program constants.

iiDeck Name: PRSET

Calling Sequence: CALL PRESALT (PRI PS, STNAME, C9 XJDREF)

Input/Output:'

FORTRAN

1/0 Name Dimension Description Preset Value

0 PR Raw data print flag print
non zero, print
zero, no print

0 PS Smooth data print print
flag

non zero, print
zero, no print

0 STNAME 10 Station sorting one

order

0 C 4, 10 Conversion
coefficients

C(1, J) Range-no conversion
C(2, J) Range rate -

C(3, J) (No conversion
C(40, J) Azimuth, elevation

degrees to radians

0 XJDREF Program reference (33281.5) '

Julian date (zero
hour U.T.) (this
reference will be
altered in BESSEL to
refer time to the
epoch of 1950,0, J.D,
2433282.423)

Subroutines Required: None

* Note that the leading characters "24" have been omitted from all Julian

dates for the sake of numerical significance.

SID 65-1203- 2

- :z



Functions Required: None

Approximate Deck Length: 1228 = 8210

n
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Subroutine REED

Purpose: Special purpose input routine. As applied to this
program, subroutine REED perform; the function of
inputtinR conversion coefficients and numbers
required in the ordering of the raw data files (see
"Program Operation"). These operations are essen-
tial to insure compatability between this program
and the Differential Corrections Program.

Deck Name: RD

Calling Sequence: CALL REED (STNAMEj C, PR, PS)

Input/Output:

FORTRAN
I/O Name Dimensions Description

0 STNAME 10 STNAME(J) indicates the sorting order of
the J-th station. Ordering must be con-
sistent with the ordering of stations in
the differential corrections program.

0 C 4, 10 Coefficients required for unit conversions
of the observed data, Units must be com-
patible with those employed in the
differential corrections program (Km,
Km/sec, rad)

0 PR --- Raw data print indicator

0 PS --- Smooth data print indicator

Subroutine Required: None

Functions Required: NBLANK (tests for blank input data)

Approximate Deck Length: 2228 = 14610

Restrictions: It has been assumed that a blank field is
assigned the value -0.0. Consequently,
when inputting data, a zero should be des-
ignated 0.0

-16-
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Method:

Prior to entering, all input data has been preset at nominal values by
subroutine PRESET, This routine provides the facility for reading a variable
number of pieces of data into the program, replacing the preset values. If
the preset value is desired, the corresponding input data field is left blank.
Specific details concerning the input format and instructions may be found in
the "Program Operation" section.

-17-
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Function NBLANK

Purpose: Tests for blank input data.

Deck Name: NBLNK

Calling Sequence: NB=NBLAUJK (D)

Input/output:

?ORTRAN 1-
I/O Name Dimensions Description

I D Variable to be tested

0 NB blank indicator:
o, D was a blank
10 D was not a blank

Subroutine Required: None

Functions Required: None

Approximate Deck Length: 508 = 4010

Restrictions: System must assign the value -0.0 to a blank input
data field. Zero should be input as 0.0.
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Subroutine PRINTI

Purpose: Prints input data
Deck Name: PRINTI

Calling Sequence: CALL PRINTI (STNAME, C, PR, PS)

Input/Output:

FORTRAN
I/O Name Dimensions Description

I STNAME .0 STNAME (J) indicates the sorting order of
the J-th station. Ordering must be
consistent with the ordering of stations
in the differential corrections program.

I C 4, 10 Coefficients required for unit conversions

I PR Raw data print indicator

I PS Smooth data print indicator

Subroutine3 Required: None

Functions Required: None

Approximate Deck Length: 3068 = 19810
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Subroutine PROCES

Purpose: Serves as the program driver routine, allocates the
various data storage requirements and mechanizes the
required tape drives.

Deck Name: PRS

Calling Sequence: CALL PR0CES(STNAN ,M XSTIX, ,.4AXA ,MAXAA, STN' ,A ,AA,X.TDRiF,
PR, PS, C)

Innut/output:

I/O Name Dimensions Description

I STNMIAE 10 STN*4 G0T) indicites the order in
which the J-th station is to be
sorted.

I MAXSTNT Dimension of STIN array

I MAXA Dimension of A array

I HAXAA Dimension of AA array

I-0 STN 6,MAXSTN STN(I,J) refers to the I-th
element 'coordinate) of the
J-th point. Used for storage of:

a.) raw data points (single file
b.) smoothed points (all files)

i? auxiliary tape storage

is mechanized.
c.) smoothed and sorted points

(all files) if auxiliary

tape storage is required,

I A 6,,aA A(I,J) refers to the I-th element
(coordinate) of the J-th point.
Used for storage of:

b.) smoothed irnd sorted points
(all files) if auxillary
storage is not mechanized.
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FORTRAN
I/0 Name Dimensions Description

I AA 4, MAXAA AA(I9 J) refers to the I-th element
(coordinate) of the J-th point. Used for
storage of a single file of smoothed
points.

I XJDREF Julian date used for program reference.
Times associated with the output data are
in days from XJDREF, See subroutine
BESSEL for Besselian correction. Not to
be confused with XDREF, a Julian date
used as a reference when data is sequenced
chronologically,

I PR Raw data print indicator.

I PS --- Smooth data print indicator.

I C 4, 10 Coefficients required for unit conversions

Subroutines Required: PRINTR (prints raw data)
CHR0NT (sequences data chronologically)
FIT (smooths raw data)
GS0RT (orders smooth data)
CHANGE (converts units)
PRINTS (prints smoothed and sorted data)

Functions Required: N0PT (determines number of points per raw data

file)

Approximate Deck Length: 24548 132410

Error Indicators: itumerous error tests and diagnostics are incorporated
within this routh%=,

Required Logical Magnetic
Tape Units: Tape 5, System input

Tape 6t System output

Tape 8, System open, Used for inputting raw data
observations from tracking stations.

Tape 9, Svstem opnn UsedP fnrs
1.) temporary data storage (if required)
2.) outputting smoothed and sorted data
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Method:

Prior to entering Subroutine PROCESS, all required input data has been
read into the program. A specially generated magnetic tape containing coordi-
nate data from the varicas tracking stations has been mounted on logical tape
unit 8, and logical tale unit 9 is prepared to receive the program output.
Specific details concerning the format of these tapes may be found in the
"Program Operation" section.

A single physical file (i.e., data from one pass of trie satellite as
observed by any one station) of raw data is read from logical tape unit 8
into the STN array and, after passing through a bookkeeping region, is
chronologically ordered. Control is then transferred to Subroutine FIT
where the data is smoothed in an unweighted, least squares mode. The
smoothed data, corresponding to the raw data file contained within STN,
is returned from the smoothing routines in the AA array. This array (AA)
is reused for temporary storage of the smoothed data for each file being
processed. Finally, the data within AA is transferred to the A array and
the procedure is repeated for each file being processed.

After all raw data files have been read into the program and smoothed,
the data is then ordered using either of the following methods. If the
auxiliary tape storage mode were mechanized, the smoothed data has been
stored on logical tape 9. This data is read into the STN array and ordered
by Subroutine GSORT. Primary ordering is time, secondary ordering is by
tracking station. If the auxiliary storage mode were not mechanized, the
data to be ordered is in the A array.

After the data has been smoothed and ordered, it is partitioned into
logical output tape record size, necessary unit conversions are performed,
and the data is output (binary mode) on tape 9. The 0 array corresponds
to a logical output data record.
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Function NOPT

Purpose; Deter~ines the number of points per raw data file.

Deck Name: NPT

Calling Sequence: NP=N$PT(IFI,NM1)

Input/Output:

F MTAN
I0Name Dimensions Descriptions

TIFI Number of coordinates, per point,
excluding time.

INNUPM Total number of words per raw
data file.

0 NP Number of data pointo per file.

Subroutines Required: None

Functions Required: None

Approximate Deck Length: 234 8=156 1

Error Indicators: If NP is non-integer, an error mnessa-ge
is printed and execution is terminated
with i dump.
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Subroutine PRINTR

?urpose: Prints a raw data file.

Deck Name: PRNTR

Calling Sequence: CALL 2RINTR(STN ,USTN, NTYPE, ANUI, ,XJDATA, _-P)

Innut/Output:

I/0 Name Dimension Description

I STN 6,1* Raw data array to be printed

I NSTN - ,icates station from which

data iras received

I NTYPE Indicates data type

I MNIM Total number of words per raw data
file

I XJDATA Julian date (zero-hour U.T.) cor-
responding to the first data point
within the file.

I NP Number of points per raw data file.

Subroutines Required: None

Functions Required: None

Approximate Deck Length: 2608 178
10

* Dummy dimension
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Subroutine CHRONT

Purpose: Sequences data chronologically in
seconds from the reference date
XDRF.

Deck Name: CHRT

Calling Sequence: CALL CHR0NT (STN,MAXSTN,NPXDREF,XJDATA)

Input/Output:

FORTRAN
I/O Name Dimensions Description

1-0 STN 6,MAXSTN Data array containing a
single file of raw data.
STN(1,J) designates the time
associated with the J-th point.

I MAXSTN Dimension of STN.

I NP Number of points within the

raw data file being processed.

I XDREF Reference date used for sequen-
cing time, Value is 50 days
less than XJDATA of the first
raw data file processed. (This
relatively short time interval
assures that no loss of signifi-
cance will occur when times
differ by more than one second
of time)

XJDATA ----- Julian date (zero hour U.T.) of
the first point within the rawdata file being processed.

Subroutine Required: 
None

Functions Required: None

Approximate Deck Lengths 1238 8310
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Restrictionst Time interval between successive raw data points
must be less than 400 sec.

Error Indicators: If time in seconds exceeds seven significant fig-
ures, a diagnostic is printed and execution
continues.

Method: ?rior to entering SUBROUTINE CHRONT, the chronological order of the
data is mod 36400 seconds. The smoothing routine requires that e raw data
file be chronologically iionotonic (the mod sequencing would introduce
discontinuities), and the sorting routine requires that the time for %U1 raw
data files be with respect to the same date. These requirements are. met by
selecting a reference Julian date (XDREF) 50 days prior to the date of the
first raw data file processed and adjusting the chronological ordering of all
raw data files to seconds from XDREF.

It should be noted that although XDREF is completely arbitrary with
respect to the analysis (if a succeeding raw data file should happen to contain
data with times prior to XDREF, the resulting negativ time values would not
affect either the smoothing or sorting), the computer system constrains the
number of significant figures. Consequently, if time exceeds seven significant
figures (9,999,999 sec), a diagnostic message, stating that XDREF may have to be
increased, is printed.
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Subroutine FIT

Purpose: Sets up the raw data for the smoothing routines. Also
includes an option for discarding or adjusting raw data
not satisfying a specified criteria. FIT is predicated
on the assumption that the data are recorded at intervals
of approximately one second. If the time interval is much,
much larger than one second, FIT should be reviewed and
fewer than the presently considered 20 data points processed.

Deck Name: FITT

Calling Sequence :CALL FIT (STN,}NP ,IFI ,AA,NPAA ,MAXSTN,MAXAA ,TYPE,NOAVG)

Input/Output:

I/O FORTRAN Dimension Description
Name

I STN 6,MAXSTII Data array containing a single
file of raw data. STN(J,I)
refers to the J-th element of
the I-th data point.
J code.

l, time in seconds

2, X coordinate *
3, Y coordinate
4, Z coordinate
5, not used
6, not used

I NP Number of data points within
the STN array.

* X, Y, Z refer to as many as three general pieces of observed data. A3
used in the differential corrections program, these data can be:

2) Doppler
3) Azimuth, elevation
4) Range, doppler
5) range, azimuth, elevation
6) Doppler, azimuth, elevation
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FORTRAN
I/0 Nme Diaension Deae&iption

I IFI Number of coorlinates per point
within the STN array.

0 AA 4,AXAA Data array containing the
smoothed points corresponding
to a single raw data file.
AA(J,I) refers to the J-th
element of the I-th smooth
data point. J code same as
STN above.

0 NPAA Number of smoothed points in AA

I MAXSTN Dimension of STN

I MAXAA Dimension of AA

I NTYPE Indicates type of data. See
SUBROUTINE PR0CES and footnote.

I N0AVG Error flag. Non-zero value
indicates that an initial valid
point was not determined.

Subroutines Required: SMOOTH (smooths a raw data segment)

Functions Required: None

Approximate Deck Lengths 1374 76410

Nomenclatures

FNRTRA~i
Name Dimension Description

D 80 Transfers a segmait of valid raw
data points from the STN array to
the smoothing routines. Storage
is A1lotted by;

D(NT), time coordinate - first
valid raw data point

D(NT+1), time coordinate

second point
o

D(NX), X coordiinate - first
point.
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FORTRAN
Name Dimension Description

D(N[X+l), X coordinate - second
point.

D(NY), Y coordinate - first
point

D(Nz), Z coordinate - first
point

ERRSIG Tolerance used with adjustment
option.

1ADJST Adjustment option flag. Non-zero
value mechanizes adjustment

option.

II D array counter

I$VER Error indicator mechanized if

the number of smoothed data point
exceeds the dimension of the AA
array (MAXAA).

JJ AA array? counter

KOUNT Index, within STN, of point being
tested.

LASTKT Index, within STN, of last valid
point tested.

MX Index, within STN, of coordinate
to be adjusted.

MY,MZ Index, within STN, of remaining
coordi nates.

NT, IX, VY,NZ Index, within D array, of initial
storage location of T,X,Y,Z.

NOMORE FlIn . Non-zero value indicates

no more raw data in file.

XAVG Avera-e value of 40 coordinates

immediately following coordinate
being tested. Used in determiningi
the first valid point.
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F0RTR!N D
Name Dimension Description

XG00D Value of valid coordinate.

XMAYB Value of coordinate being
tested,

Error Indicators: if, using the adjustment option, an initia3 valid point
ctn not be determined using the averaging procedure,
control is transferred back to SUBROUTI1NE PR0CES, an
error message is printed, and the next raw data file
is read into the program.

If the number of smoothed points exceeds the dimensions
of the AA array (1PAA> MAXAA), the first MAXAA points
are loaded, an appropriate diagnostic is printed, and
execution continues.

Method:
Prior to calling SUBROUTINE FIT, a file of raw data observations

from a single tracking station has been read into the STN array and has been
chronologically adjusted (seconds from the reference date XDREF).
This routine then partitions the raw data into segments and, after optional
preliminary uata adjustments, smooths e7.ch segment. When all raw data within
the file has been smoothed, control is returned to SUBR0UTINF PROCES with the
smoothed data in the AA array.

Examination of the raw data utilized in the sample problem disclosed
random irregularities of azimuth observations being recorded 360 degrees out
of phase, especially Prevalent for angles approaching 360 degrees (e.g.,+354°

recorded as - 60). Consequently, an option has been included which adjusts these
values before smoothing. A single raw observation is compared with the last
valid point determined, and, if the result is not within a specified tolerance
(ERRSIG), the observation being tested is adjusted by 360 degrees. The adjusted
value is again compared and, if still not within tolerance, is considered invalid
and discarded. The next raw observation is then tested and the procedure is
repeated until the above criteria have been met. The point is then considered
valid and stored in the D array. After the required number of points have been
loaded into D, the raw data segment is smoothed and the resulting point is stored
in AA. This procedure is repeated until the ra w data file has been exhausted.
The initial valid point required to start the adjuating operation is determined
by sequentially comparing an observation with the average value of the 40 points
immediately succeeding it until the tolerance criteria is met.

Controls within the routine are set for azimuth adjustment. By
resetting NX equal to the appropriate index within the STN array, and adjusting
the tolerance (ERRSIG) if required,any of the observed coordinates may be
adjusted. To demechanize the adjustment option, set IADJST-O.
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J4

Since the time interval between raw data observaticns is assumed to
be of the order of one second, the 20 points smoothed corresponds to a
very short time int6rval. Consequently, if data are not collected in this
mode, smoothing criteria should be adjusted.
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SUBROUTIAIE F17- (cow)

Th'AT F/Ps r VALID RAW
DATA POINT? IS DETERMIMEfD

W/Tr//J This 5FC rivAl

lAD o7$Tr0? ~ ______

XdbNKUAIT .OU I S 9E7 4'PCOAJT&OLS FOR
1<2k+1COMtPUTINIG 7HE AVERAGE
Xsum=0.0VALUE OF THE 410 POINTrS

REND 39 o, 8,c rssrrD.
1*d IF AVERAGIAJG REQUIRES

YES MORE P01AIrs TI/A/S ARE AVAlLAgLE,
ci ok(EANV >A/ M&D =VP EAwli"sT A/C/MUR Or POI~n

mo 70 OR AVffRAGRO.

of IDI VSR -- XEND -A~i
IF NO P0/AI'S ARE

_ _ _ _ _ _ _ _ A V A I A B L k F O R

AVERAGIA10, RE rURAI
u ~Akio READ AJEXT.C/nLc

I r- DOJ~a //O -j:Ik/D)R

LXSUM=XSUMagrAJA~JJ. M , r ( X. JJ COA4PL'T AVERAGE
k hoVALUIE

XAVQ -)SLIM/DIVSkR
XGdd~D = A 8S (X AVG)

0 klA Y 3 -AS (SrAMX,kniLA/ COMP'ARE~ P0/MTr S3E/N
DX- GDQ530-XMAYS rZ'ED WITH AVERAOAE
S --SVGAJ(0E, Dx) VAU.,. /P IvoT WITH/Al
ABSDX= AGS(M) TOI.LRAAJCE, ADJIsT

4ABSDXZ~ERAS YES P0/Ar rrsrA-o jS VA&J1A0 ~G 10 ER~
0 RSG AMOD r,&sT AGAIAI FOR

t- XMAY(S rAI~tx, XafiAj r),s * 360 TLRAC?
A8SDXAJ= ASXG000 -A1S(XAYB)

NOr

IFIRST VALID POINJT
HAS 84CRAJ OReTERMI/JE0
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SUBROUTINIE F17 (Cav7)

THIS SECTION~ LOACS THE D ARRAY WITH VALU) POINTS

0

205. 'pi

KJZ I) ST KI' 10,, U LOAD VALID POINT

L(JZ) ST(w~JIJ)iro 0 ARQ&Y.

M.T1 = iTtlI

D(MJTI) =S M (M T KOUN T) I
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SU8ROUTAJE FIT (COAJr)
ri/is SEC 7/0/Al .SC-GhEAJTS5 771E RAW DATA
FOR IAIPU.T TO 7-HE SMO00TN/1A/C ROUT/A1LC£S
AND, IF DESIRkEDt MAKES R--QUIiQEO RAW DATA

AO TUT1J4EA..'Ts.

ISMOOTH4 DATA. WHEN 0 ARRAY
CONTAINS 20 POIKITS.

a [LASrTT W(dUNT~F
38LASTKT 15 THE IN~DEX WITH4IN STh

Or TH4E LAST VALID POINJT. ONIS THEr INDEX OF TrHE POINT

0 0 KT4(MPi' IF TH4ERE ARZ NO MORE RAW
Y83 ~ ~ DATA POliNTS I smoorm POINTSJ 30 EMAINIJCG 0k C AND RETURNI

XMAYB - ABS(5T(MXgo~trJT))

5S IGM(,jNE. D X) COMpARS POIN-J-T BEING TEStED)

ABSDX =:ABS(DX) WITH LAST VAI.9O POINJT, IF NOT
I W!THIN4 TOL.ERANCE ADJuST VALul

BY 36o DEGREES 410, TEST

ABS DX 4ERRZS I G

YMAYS =STN(IVX KO Y) + S*360
AIBS DXM =ABS LXGAdD ANS(XMAyG)

(A58DXM>ERRSIG ?

-72-
SID 65-1203- 2



SUBgRa~UTJNE FIT (C(ZA/7)

14

350

IV-P FINJAL SEGMENJT COF4TAIAJS

I. L x ESS THAAI THREE P0/AirS.

Ai 2 = Iv t.XLOAD RAW OATA DIRECTLy
I AA (MZ, J)- D(NZ z

/AtTO A A.

IAJYY =AY z-1
IAA(A4Y, TJ) =O(NIYY)

I AVxx - /xx .t
IAA(MX,QJ)-DAIX,
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SUBRQ5UT'IME FIT (CaS~a)

TH4E PRIMARY FUNJCTION OF THIS sECroN is To Smoory
THE RAW DATA SEGMEKIT CoNTAIJED WITHINI THE 0 ARRAY
AN.D LOAD THE RESULTS IN' AA.

arp =ir ] IP 18 THE i'JLMOER OF POINTS

Jr IF LESS THAWJ . POIN~TS (F!IKAg. SEGMENT)
G lp<3LOAD RAW DATA 0IREXCrLY 81470 AA

MIT-I/ IN'CRIMEAJT AA COUN.TER

- M X ~I IF AA ARRAY WILL B3E EXCEEDED, DO
JJ AXA? OT SMOOTH4 AN~Y MORE POIf4.JS.

(M TH[(&'lT AMx)IP 1C3Sr~

AA (MefJT) =CO&IST-(j

SMWH[DNT)D(AJ),lCONTZ) SMO0t74 A SEGMENJT OF RAW DATA
SM0~TfD(NT~bDA~z)z~ CJSTAMID L.OAD THEs RESULTING POIWTj

IJTO AA.

(~M~I~tDN~r)CdiJST)IP 0Y)l

LAA'MVj I(IT
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SuBRouT/IV PIT (cor)

LESS TAN .3 PO/Ajrs DATA SZGECUEW
(FINAL SEGMENTr) HAS -.7US~T BEA,DOOAor sM~oorN SEamENTr SMOOTHEO

INdSURE TI/ATr
AA ARRAY WI/444 JMA,,A NO4

ANOT BE EXCEStDOL ys

40AD RQAw
DAZA DIRECTLY
1ITO AA ARRAY

D ARRAY COUAITER

AJ0ZMdRE V 0 ESFOR MORE OArA
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Subroutine SMOOTH

Purpose: Smooths data to obtain the best fit (in -the sense of
unweighted least squares) to the polynomial
Y=A+BXrCX

2

Deck Name: SM0

Calling Sequence: CALL SM00TH(X,Y,N,C/NST)

Input/output:

,jRTRAN

I/0 Name Dimensions Description

I Y 20 Observed data

I X 20 Values of the independent variable
(time) corresponding to the observed
Y.

I N Number of elements within X and Y

0 CONST 3 Unknown constants to be determined.
C0NST(l) - A
CONST(2) - B
CgNST(3)--C

Subroutines Required: WTMPY (mat:rix multiplication)
MTINV (matrix inverse)
TRANSP (matrix transposition)

Functions Required: None

Approximate Deck Length: 3 31510

Restrictions: N> 3

Formulation:

The problem to be addressed is as follows:

"A series of J observations (J> I,I=degrees of freedom of function) has been
made-over some interval of time (or another independent variable) of a linear

.8 9-
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function in the unknowns of the problem, and an optimum estimate of the un-
known parameters in the least squares sense is to be constructed." From this
statement of the problem

where
:44

9 . -J-vector of observations
f

M J by i array of numbers relating the unknown parameters of

the problem and the observations.

S- II-vector of unknown parameters

At this point in the development, a scalar function of ' must be constructed
which can serve as the comparison function for various "curve fits" and which,
when minimized will yield the "optimum" solution in the desired sense. This
function, in its simplest form, is

F , (2)

However, since the various observations of e may be made with different
precision, it is desirable to provide the capability for weighting the data
inversely as the square of the variance in the observation.

i.e.

where

o o
" I-0 0fz U s wnetric

This second form will be utilized in the discussions which follow.
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Substituting from the definition of 1 into that for F yields

T " -A rV ,iY- YTv.Y li+ *M 7 v1 MX

Which when partially differentiated with respect to 7 (or x) and equated to
zero yields

oil - yV" M +XM vM

o r --. I

xM. 5 MTV1

This solution, of course, contains the case where the data are unweighted
(i.e.,v' = the identity matrix).

Yls=(M7M) -j MTY (4)

This formulation, Ipplied to the raw data, performs a preliminary smoothing
which assures more rapid convergence of the differential corrections solution

in the main program and simultaneously reduces the amount of data to be processed.
This step is accomplished by noting that the true t-ajectory is nearly elliptical

(i.e. a second order curve) and may be represented to a good degree, over a short
time interval, by a parabola of unknown coefficients. i.e.,

to- + bx +c Y 2

~ X3j xz ('b> [M fA3

Consequently, if a series of observations (say over a 20 second segment of the
trajectory) are utilized as successive values ofqL and if the corresponding
values of kr are utilized as the comnonents of X , the unweighted least squares
solution for the constants fA3 may be obtained by equation (4). However, it
is noted that since the values oft. may be large and differ in one of the final
digits (e.g., data recorded in universal time at one second intervals could
have values of h like 86300,86301,"*) the columns of M will appear to be nearly
linear dependent. This fact could result in severe numerical problems. Thus,
it is suggested that the values of X be equal to i - - (where ,,*
is the value ofb,. at the tenth point in the segment begin processed) to assure
the maximum degree of significance in the computations.
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Subroutine MATMPY
(matrix multiplication)

Purpose: MATMPY is designed to multiply any two conformable
single precision matrices (with less than 70 elements
each) to obtain the single precision product. All
operations interior to the routine are performed
in double precision to control roundoff and loss of
significance. (The size limitation for this routine
is a direct result of the establishment of several
temporary storage arrays in the routine. The logic
will admit any size matrices).

Deck Name: KXPY

Calling Sequence: CALL MATMPY (C, I, K, D, K, J, CD)

Input/Output:

FORTRAN Math Common/
I/O Name Name Dimension Argument Definition

I C C I (rows) Arg Array of numbers
K (columns) to be used in the

premultiplication
of D by C

I D D K (rows) Arg Array of numbers
J (columns) to be premulti-

plied by the matrix
C

I CD CD I (rows) Arg Product array
J (columns)

Subroutines Required: None

Functions Required: None

Approximate Deck
Length: 13078 711-10

2
-94-
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Subroutine MTINV
(matrix inverse)

Purpose: MTINV computes the inverse of a nonsingular square array
(of up to 36 elements) using the theorem which states
that if a sequency of row operations will reduce a
matrix to the identity matrix, then the same series of
operations performed on the identity matrix will pro-
duce the inverse. (Error control is maintained internal
to the routine with double precision arithmetic though
input and output are single precision. This double
precision capability is directly responsible for the
restrictions on the size of the matrices. No logic
restrictions are involved,),

Deck Name: INV

Calling Sequence: CALL MTINV (B, ES, N)

Input/Output:

FORTRAN Math Common/

I/O Name Name Dimension Argument Definition

I B N X N Arg The N X N array of
numbers to be inverted.
(single precisioh)

0 ES B- 1  N X N Arg The N X N inverse of

B (single precision)

I N N 1 Arg The dimension of B

Subroutines Required: CHOOSE (Check for singular B)

Functions Required: None

Approximate Deck
Length: 74 8 = 484iO
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Subroutine CHOOSE

Purpose: CHOOSE ic 1,tilized in conjunction with MTINV to
determine if the matrix (of order less than 6) is
sufficiently non-singular to allow the inverse to be
constructed without excessive numerical difficulty.

Deck Name: CHSE

Calling Sequence: CALL CHOOSE (A, E, M, N)

Input/Output:

FaRMRAM Math common/
I/0 Name Name Dimension Argument Definition

I A A N X N Arg The array of numbers
which is being
reduced to the iden-
tity matrix

I/O E E N X N Arg The inverse being
constructed from A

I M 1 Arg A row counter for the
operations being
performed on A

I N 1 Arg Order of the squarearray A

Subroutines Required: None

Functions Required: None

Length: 2718 185 10
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Subroutine TRANSP
(matrix transposition)

Purpose: TRANSP constructs the transpose of an arbitrary
array of numbers

Deck Name: TRSP

Calling Sequence: CALL TRANSP (A, N, M, B)

Input/output:

FORTRAN Math Common/
I/O Name Name Dimension Argument Definition

I A A N (rows) Arg Array to be
M (columns) transposed

0 B AT M (rows) Arg The array containing
N (columns) the transpose

Subroutines Required: None

Functions Required: None

Approximate Deck
Length: 1378 9510
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Subroutine GSORT

Purpose: Sorts the smoothed data. Primary ordering is time,

secondary ordering is by station.

Deck Name: NAOI

Calling Sequence: CALL GSRT (NAN,M,K,L)

Input/Output:

FORTRM4
I/0 Name Pescription

I/O NA First element of data array
to be sorted.

I N Number of groups (points)

I D Number of elements in each
group (point)

I K Element number in the group on
which to sort. K6 M

I L Number of passes. Positive
value, sort from maximun to
minimum value. Negative value,
sort from minimum to maximum
value. For a complete sort of
N items, L=-N-1.

Subroutines Requir d: None

Functions Required: None

Approximate Deck Length: 367 = 247,
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Restrictions: The data is considered to be a one dimensional array
composed of multiple, equal lengthed data blocks, each
block consisting of consecutive elements. Consequently,
if a specified element is to be sorted in a multi-
dimensioned array, the proper ordering of the indices
is unique.
e.g. Assume the second element is to be ordered in a
2 by N array, then the input array must be of the form
A(2,N), not A(N,2)

-10-

SID 65-1203- 2



-N(% N m~ m~ 't' U*A" z~ I-0 - m (7 cO QQ 0 01- -~ N N m~ Mft t (nU LA ZO zr- -- m WO
0 0 0 0 00 0 0 0 O -4

-4 "4.~ -4 -- 4 -4 -4 ~ -4 -4 -4.4-4-4 4 - f -4- - -4-4 -4 4-444 -4 -4

0 00000000000C0000000000000000000 0zz

I0

0ww- NC -z

O L) tol ce: -V
WL)0 Wj I- <jOWU.
Q~W j W

w ~ 0 -) <w to (:UL.)

Q ZW< z 0 ) 0I
U.. 04

z- Z - ZWL1). :
z. MU~ oj z a: 0 JCA

z 'opt- -
w0 f-" < :

2:0 z ).< -
I- WO. X:~ i-<I -

(A IQ- U.0 u O xt
L4 mA 0. CL0

0.j < <z 0- :Zr

0e LA- 0. 0 z T Z

0o V) - j I I I
_j - <.-mm k-1

<L W. W--1A < c ow<O
o << 0 0 W LD f,1 LZL1-41

0- 

I
WO0 - (A - i...

1z~(tL oo 0 u y, <
-acZL >- w - -I- x m <

(ALW w<o < -i.. LLz-zt

< ZO U. .J I.-~ (A -

-jA toe c - 1: C , a wjz -

cc M. -- )L j_

OHLJ<L W)LIOLZ;to C U 51D6-3Z3



%. - - - - - -ocoo 00 000 0 00

44 . 4 1 4. 4 4 - - 4 - . - - - 4 - 4 4 - 4- 4- .4 -

0 t)O 0 0 0io co o 0 0 0 0 0 0 0

C,1z z-z z z z z z z z z z z z z z

"Az

LL 'U x . '0L' t ,t t ~0 t ,t A 0t . A 0t 'U

Oz00N ~ U ~ t ''0

00U. 0 0 00 0 0 0 0 00 0 0 0 0 0

x I i III L

z a) I w I
IV) 71 I

<- - 4I

I I)

w r. H I
x ~ K II -l I- 0 - 1

<.J X<

Lo ;z - ~ r z z ~ ~ ~ I ,
LL !LL <~ Col L+L 1 -L 't C U .0 ZL

W '-' Z L

u-.z r - h- SID 65-233-
1121
- ~ ~ ~ ~ ~ ~ ~ ~ u - ---- L-U - w--0)- 2



I0 0

Ojj

(70 10-N

V~ 0
-4 WL co
0 -jx xz
0 <V~9 u W -4 .- 4 kn

wz w
<J 0
>J z

n z

LU V) V) OWrj- 4 4U

0 -Z cc U000000
w M 00O00000

0 0.I-0 -

Ln 0 Z D Z
0 LA 0 0

ZD 0 W v) -4 4

zU 1- 00000-
W U 0 0 00 0 zZ<tnlk

-. 000000 LI. L t 00 N j nLn

z

z
ZC Z 0 V) U. r-C, *

-- 9-- Z Wi -4 N -O

01

mI 0

0 00

00 00z w w V

0 -'n 0

-4 -t r- N Ln 

0

L0 0 00 00 Z A

UN ..
C) ~

M~ siv 65-1O3P 2
U, 100 P-Ij P4 f-~ 4



Subiroutine CHANGE

Purpose: Transforms units of the smoothed and ordered output

data

Deck Name: CHANG

Calling Sequence: CALL CHANGE (BMSTART,M0DSUM,DELT,C,0)

Input/Output:

-FORTAN

I/O Name Dimensions Description

I B 6,1* Data array to be converted.
Cooresponds to either STN
or A array in SUBR UTINE PROCES

I MSTART Location of first point in B
array to be converted.

I M0DSUM Location of final point in B
array to bi converted.

I DELT Difference between program
reference date and reference
date used for sequencing time.

I C 4,10 Coefficients required for coord.
transformations (Rin K ri/sec, rad)

0 7,1* Output data array containing
smoothed, sorted, and transformed
data. Cooresponds to a single
logical record on the output
tape to be read by the main
program. (FS4-507)

* Dumy dimensioned

-114-
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Subroutines Required: TWTF (transforms time from sec to
days)

Functions Required: ANGNOD (insures that angular measurements
are positive, mod 360 deg)

CXA (transformation of form D=C-A.
Used for converting azimuth and
elevation from degrees to radians)

CXAPLB (transformation of form D:C-A+B.
Used for converting doppler
reading to range rate.)

Approximate Deck Length: 6568 = 43010

Error Messages: None
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Subroutine TWTF

Purpose: Converts chronological time (see) as referenced to
XDREF into days relative to 1950.0 (JD 2433282,423)
and divides the resulting time into whole and frac-
tional parts,

Deck Name: TWTFR

Calling Sequences CALL TWTF (7, DELT, TW, TF)

Input/Output:

FORTRAN
I/0 Name Dimensions Description

IT Time in seconds from reference date
Used in chronological data sequencing
(XDREF in SUBROUTINE PR0CES)

I DELT --- Diffboence botween program reference
date ane, reference date used for
sequencing data, ite. DELT=XDREF-
XJDREF

0 TW --- Integer number of days from 1950.0
(JD 2433282.423)

0 TF --- Fractional number of days defining
epoch

Subroutines Requireds BESSEL (Besselian calendar correction)

Functions Required: None

Approximate Deck Lengths 1148 7610

Error Messages: None
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Subroutine BESSEL

Purpose: Special purpose routine which converts time from a
reference date of JD 2433281.5 to that ralative to
JD 2433282.423

Deck Name: BES

Calling Sequences CALL BESSEL (TW, TF)

Input Outputt

FORTRAN
I/O Name Dimensions Description

I/O TW Input: integer XJDREF. (XJDREFJulian Date Jan, 0, 1950,

2433281.5)

Outputs integer days from 1950.0.
(1950,0 corresponds to Julian Date
2433282.423)

I/O TF Fractional day

Subroutines Required: None

Functions Required2 None

Approximate Deck Length: 558 45 10

Error Messlgest None
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Function ANGMOD

Purpose: Insures that angular measurements are
positive, mod 360 deg.. i.e. O° B<360o

Deck Name: AMD

Cal.ling Sequence: B-ANGMOD(A)

Input/Output:

F$RTRAN

- i/0 Name Dimensions Description

I A Angle to be made mod 360

B Amnod360 *

Subroutines Required: None

Functions Required: None

Approximate Deck Length: 758 =6110

Error Messages: None

Restrictions: -3600 <A<3960 (Range of A may be increased by
increasing the upper index limit of the DO loop)

• Amod360 A A ().360 where )reprasents the integral part of the

quotient.
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Function CXA

Purpose: Transformation of form D=C-A. Used for converting

azimuth and elevation from any arbitrary measure.

Deck Name: CA

Calling Sequence: D=CXA(C,A)

Input/Output:

FORTRAN

1/0 Name Dimensions Description

I A Variable to be transformed

I C Conversion coefficient

D C'A

Subroutines Required: None

Functions Required: None

Approximate Deck Length: 33a = 2710

Error Messages: None
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Function CXAPLB

Purpose: Transformation of form D=C*A+B. Used for converting
doppler reading to range rate (Ym/sec).

Deck Name: CAB

Calling Sequence: D=CXAPLB(C,A,B)

Input/Output:

FORTRAN
I/0 Name Dimension Description

I A Variable to be converted

I B Conversion coefficient

I C Conversion coefficient

0 D D=C. A+B

Subroutines Required: None

Functions Required: None

Approximate Deck Length: 368 3010

Error Meseages: None

4

-136-
SID 65-1203- 2



m0 ItI,% * 0 0 4 N% I %
0I0;0 OCJ0 1 0 00 00 0 0:0C-'o

C00 00002C)000C 0 0OIC 0,0 0
0 cco -c c 0o l clO E ococ c o oo

'-J:

0- i

41.
* Z

I I
V~

Z +

II I 0 0 1..

:= :) I> <UiW

U-! >LL
z~zUU

C) i-g "

- I- -

__ -o-s'



~LJ

I II

IL I
-JsI

'q-<-j

;C Ie CLI 2

1 1-4

< -J < o-
IA I

00~C

j40 x oI L
4 t I k-. * z

.0 o 0 *i. LW

to-J

10 .0 I

I0 C

1 
;z

<.<.
LP uu J.4

c0

138~~ z I 5-23-

* . .
I-ti MI



SUBROUTINE PRINTS

Purpose: Prints the logical record of smoothed and ordered
data being written on the output magnetic tape.

Deck Name: PRTS

Calling Sequence: CALL PRINTS (0,NPERGP,XJDREF)

Input/Output:

FORTRAN
1/0 Name Dimensions Descriptions
I/O 7, 1* Array containing the smoothed

and sorted data to be printed.
0(Jl) refers to the J-thcomponent of the I-th data
point.

J index code:
1, integer days from J.D.

2433282. ,23
2, fractional day (U.T.)
3, station name indicator
4, data type indicator
5, X coordinate ,
6, Y coordinate
7, 9 coordinate

I NPERGP Number of points within the

0 array.
I/O XJDREF Program reference Julian date.

Subroutine Required: None

Functions Required: None

Dummy Dimension: See SUBROUTINE PR0CES

"' X, Y, Z are dummy variables used to describe the observed data (not
rectangular coordinates)
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Restrictions: Advantage was taken of the fact that the logical
record size being written on the output magnetic
tape happens to correspond to a printed page.
Consequently, if XMODS is changed in SUBROUTINE
PR0CES, headings will not necessarily be printed
in the proper order.

Approximate Deck Length: 2248 14810

410

I
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PROGRAM OPERATION

This section describes the gensral requirements for program operation.
For a more detailed discussion, see the sample problem (Appendix B).

Input Data

Input data to the program are entered on FORTRAN 10 digit decimal data
sheets. Although other data sheets are acceptable, the latter is suggested
because its format precludes the possibilities of input errors. (See Figure 2)

Columns 2-3 and 4-5 of the first data card are reserved for inter indica-
tors which control the printing of raw (PR) and smoothes (PS) data respec-
tively. To demechanize the print options, insert zero. The first column of
this card must contain a blank unless this is also the final card (i.e. using
preset data exclusively).

The remaining cards, excluding the final card, are utilized for inputting
the following information (one station per card).

Column Symbol Description

1 N Blank (indicates data follows on this card)

11-12 K Integer identifying the station for which the
remaining data on the card applies. Same value
as NSTN on the input data tape. 1 4 K S 10

13-24 STNAME(K) Order in which the Kth station is to be sorted.
This number must be consistent with the orderin
employed in the differential corrections program,

The remaining fields are reserved for conversion coefficients.

25-36 C(IK) Range conversion (R=C1 R; to Km)

37-48 C(2*K) Range rate conversion (R=C 2R + C3; to Km/sec)
49-60 C(3;K)

61-72 C(4,K) Azimuth and elevation conversion (A=C4 A; to red)

The final card contains an integer (non-zero, non-blank) in column 1. The
remaining fields are blank, This card indicates that all data have been
entered.
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It should b3 noted that, although the first and final card are necessary
for normal operation, only those data cards for which stations are specified
are required. Further; the above locations are all preset within the program
(see SUBROUTINE PRESET), If the preset value is desired, the field is left
blank,

Input Tape

The program requires that tracking station observations be input on a mag-
netic tape with the following format and specifications (see Figure 3),

1. FORTRAN IV, binary mode, multi-file tape.

2. Data arranged one physical file par station per pass.

3. Two logical records per file,

A. First logical record - 4 word information record containing the
followings

NSTN indicator which identifies the station from which data
was received. 1! K NSTN - 10

NTYPE indicates data type*

1 = range
2= range rate
3 = azimuth, elevation
4 = range , range rate
5 -range, azimuth, elevation
6 "range rate, azimuth, elevation

NNUM total number of words per file (including information
record)

XJDATA Julian Date (zero hour U.T,) corresponding to the first
piece of data within second logical record, The lead-
ing characters "24" have been omitted from all Julian
Dates for the sake of numerical significance.

B. Second logical record - logically packed time and coordinate data.
Each raw data file must be chronologically sequenced. However,
the sequence does not have to be monotonic increasing, e.g., the
observations from a single station for a single pass (single raw
data file) may be ordered in universal time 84901, 84902, ...
86400, 1, 2, 3 as# a

4. Input tape is mounted on logical tape drive 8.

5. End of tape is indicated by an information record containing zero's
inmediately after the final physical file containing data.

* If az;nuth and elevation are recorded, the coordinate system must be

topocentric with respect to the plumb line.
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FIGURE 3

INPUT TAPE FORMAT

RAW Dr

NSTW~ TRACKINGO STATION

INPORMArION NTYPE rYPE OF DATA

RECORD mm~UM NUMBER OF WOR~DS PER FILK
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Variable Dimensions

Although auxiliary, intermediate tape storage is available, maximum pro-
gram efficiency and optimum core storage utilization may be achieved by proper
adjustment of certain key array dimensions in the MAIN routine. To facilitate
the determination of the optimum set of dimensions, the principle storage
functions of these arrays are summarized below.

Auxiliary Tape Auxiliary Tape
Storage Storage Not

Array Name Mechanized Mechanized Remarks

STN(6,MAXZKrN) raw data raw data
(single file) (single file)

smoothed data
(all files)

smoothed and
ordered data (all
files)

A(6,MAXA) smoothed data smoothed data loaded from AA
(at least single (all files) (file by file)
file)

smoothed and ordered if the number of
data (all files) smoothed points

exceeds MAXA,
auxiliary tape
storage is mech-
anized by the pro-
gram

if auxiliary
tape is mechanized,
transfers data
from tape to STN
array for ordering

AA(4,MAXAA) smoothed data smoothed data transfers data
(single file) (single file) from smoothing

routines to A.
(file by file)

If an array should be underdimensioned, during execution the program will
usually stop loading when the array is filled, compute the proper dimension,
print an appropriate diagnostic, and either continue execution without loading
the remaining data or terminate execution ith a core dump.
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Storage Limitations

Assuming that optimum core storage has been allocated by proper adjust-
ment of the STN, A, and AA arrays# there are two upper constraints on the
amount of data thay may be processed,

1. The amount of raw data per station per pass (one physical file on the
input data tape) exceeds the capacity of the STN array. This problem
is easily zorrected by partitioning the data into smaller files, i.e.

jthe input data tape is arranged one physical file per fractional pass.

2, The amount of smoothed data exc6eds the capacity of the STN array.
This is highly unlikely but could occur if an excessive number of
physical files are read in at one time, In the program's present
form, smoothed data are read into the STN array from temporary tape
storage (the auxiliary tape mode would have been automatically mech-
anized) until the number of smoothed points equals the dimension of
the STN array, The required dimension for STN is then computed (it
may be possible to readjust dimensions) and a diagnostic is printed.
The data in STN are then ordered by the sorting routines and execu-
tion continues as normal. The excess data still on the tape are not
utilized.

The latter problem may be corrected by:

a. decreasing the amount of raw data per computer run. Two disadvan-
tages of this method of operation are: it may not be advisable to
separate the raw data if adjacent jtations have overlapping spheres
of influence, or it may be necessary to arrange the raw data files in
chronological order on the input tape. For example, since each run's
data would be sorted separately, the chronological ordering of the
final output tape may not be correct.

b. decreasing the number of smoothed points by increasing the ratio of
raw to smoothed points. Presently, a segment of 20 raw data points
is smoothed to produce a single smoothed point.

It is anticipated that future versions of this program will include an option
where a filtering process would selectively discard the surplus numLer of
smoothed data points.
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PROGRAM OUTPUT

Primary output consists of a magnetic tape which is read by SUBROUTINE
DATAPE in the program (FSA-305). Optional printout of the raw and/or
smoothed data is also available (non-zero values for PR and PS) as explained
in the PROGRAM OPERATION sectioh.

Output tape

'itlined below is a summary of the format and specifications of the
output tape (See Figure 4).

1. FORTRAN IV, binary mode, single file.

2. Data arranged by logical records.
A. First logical record - 4 word information record containing the

following.

XJDREF JD 33282.423 (Jan 0 1950)

NGPS Total number of logical records on the tape (excludes
information record).

NPERGP Number of points* per logical record (excluding final
data record).

NPREM Number of points in final record.

B. Remaining records - Data records containing,

TW Time. Integer days from 1950.0 or JD 2433282.423

TF Time. Fractional day. (U. T.)

NSTN Station from which data was received.

NTYPE Type of data. See ITYPE in SUBROUTINE DATAPE.

X,Y,Z Components of the observation vector.

* A point is defined to be the ordered set of words TW,TFNSTN,NTYPE,XY,Z
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FIGURE
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APPENDIX A

The enclosed routine (SUBROUTINE DATAPE) reads the magnetic tape
generated by the preprocessor program F34-305A. Details concerning the
magnetic tapes format and specifications may be found in the PROGRAM OUTPUT
section of the FS4-305A write-up. This routine is an integral portion of
the operation of the differential corrections program FS4-305 and is also
documented along with the routines of the Data Filter Group of that
document.
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Subroutine DATAPE

Purpose: Reads a specially generated magnetic tape containing

smoothed and ordered coordinate data.

Deck Name: DAPE

Calling Sequence: CALL DATAPE (TW,TF, ISTN,ITYPE,ODATA,KOUNT)

Input/output:

• RTRAN
I/O Name Dimension Description

O TW Time. Integer days from 1950.0
(JD 2433282.423)

0 TF Time. Fractional days.

0 ISTN Station from which data was
received.

0 ITYPE Indicates type of data in ODATA.
Code: *

1, Range
r 2, Range Rate

3, Azimuth, Elevation
4, Range, Ran ,e rate
5, Range, Azimuth, Elevation
6, Range rate, Azimuth,

Elevation

O ODATA Coordinate data.

I/O KOUNT Control indicator.
Code:

1, Do not return next point
(INPUT)

2, Return next point (INPUT)
3, No more data points on

tape (OUTPUT)

* If azimuth and elevation are recorded, the coordinate system must be
topocentric with respect to the plumb line.
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Subroutines Required: None

Functions Required: None

Approximate Storage Required: 6648

Restrictions: Requires that the input data tape generated by
FS4-305A be mounted on logical tape 9,

Nomenclature:

F RTRAN
Name Dimensions Description

A 7,36 Buffer array containing a single
logical tape record.

IFIRST First pass indicator

IGP Logical record counter,
IGP=l,NGPS

NGPS Number of logical data records on
tape.

NPERGP Number of points per logical record,
excluding final record.

NPREM Number of points per final record.

NPOINT Buffer array point index, NPOINT=l,
(NPERGP or NPR4)

XJDREF Program reference Julian date.**

Method:
The first CALL statement to this subroutine mechanizes the input data tape.

An information record containing the program reference date, number of logical
records, and number of date points* per record is read into the program. The
first logical data record is then read into the buffer array A and, after
extracting the first data point from the buffer, control is returned to the
calling routine. Subsequent CALL statements extract single points sequentially
from + a,,nfar. After the final point within the buffer has been extracted.

the next logical record is read in and the procedure is repeated until all
data has been read from the tape.

*A data point is defined as the ordered set TW,TF,ISTN,ITYPE,gDATA.

**JD (24) 33282.423
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APPENDIX B

SAMPLE PROBLEM

Input Tape

Input data for the sample problem consists of two paper tapes
(generated by a Packard-Bell 250 Computer) containing the following observa-
tions for the ECHO II satellite passes 6069 and 6070: elevation and
azimuth in degrees, doppler reading in kilo-cycles, a lock-on indicator, and
universal time in seconds. Since the IBM 7094 computing system utilized
does not have a paper tape input capability, a short IBM 1401 program was
written to transfer the data directly to magnetic tape with the format
shown in Figure3 (one physical file per pass). The leading information
record for each data file contains the following indicators.

PASS PASS
SYMBOL DESCRIPTION 6069 6070

NSTN Code indicating the tracking 1
station recording the data

NTYPE Code indicating the t5,pe of data 6 6
(range rate, azimuth, elevation)

NNUM Total number of words per file. 3564 3392
This was determined by the 1401
program.

XJDATA Julian date (zero hour U.T.) of 38850.5 38850.5
the first observation for each
file. (arbitr.rily selected for
the sample pri-lem.)

A third file containing NSTN equal to zero indicates to the program that
all data has been read from the tape.

Graphical representation of the raw data is presented in Figures 1-B
through 6-B. The same data has been printed out in the sample problem
output (raw data files I and 2). Examination of Figure 5-B will disclose
random. irregularities of azimuth observations being recorded 360 degrees out
of phase, especially prevalent for angles approaching 360 degrees (e.g., +3540
recorded as -6° .) These points are adjusted in subroutine FIT immediately
prior to smoothing the data segment.
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This figure also serves to illustrate a data format which is not
acceptable to the program. Although the data is generally sequenced
chronologically, a few random errors in time values were generated by the
tracking stations (e.g., raw data point No. 245, raw data file No. 2,
sample program output, Page

It is the user's responsibility to insure that the time data are recorded
and sequenced properly. The tracking errors in the second raw data file of the
sample problem were not corrected. The smoothing routine (see Subroutine FIT)
processes segments of 20 consecutive points (time is not explicitly utilized)
and assigns the time value associated with the midpoint of the segments to
the resulting smoothed point. Since the erroneous time values did not occur
at segment midpoints, the progra was not affected.

Execution time for the sample problem was 1 minute and 18 seconds.
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Input Data

Since the preset values were utilized exclusively in the sample
problem, no input data was required. This sample serves to demonstrate the
operation of the preprocessor. However, the data tape generated is not
suitable for direct application to the differential corrections program
(FS4-305) because a unit conversion was employed in conjunction with
the doppler data, and because of the assumed date of the passes. The
deck setup consisted of the $ DATA control card followed immediately with
a "6" card (non-zero value in column 1 indicates end of data.) However,
for illustrative purposes, Figure 7-B has been included to show how the
data deck could have been set up to achieve identical results.

Variable Dimensions

The required values for the variable dimensions were determined by the
procedure outlined b low. (See "Variable Dimensions" and "Storage
Limitations" in the "Program Operation" section.)

AA(4,MAXAA): This array must be large enough to hold the smoothed points
corresponding to a single raw data file. The largest raw data file contains
3564 word,-. The number of words per information record is 4, and there
are 4 words per data point (time, doppler reading, azimuth, elevation.)
Thus, the number of raw data points per file is (3564-)/4 = 890. Now
the smoothing routine reduces 20 raw data points to a single smoothed point.
Therefore, since 890/2M45, MAXAA was dimensioned by 50.

A(6,MAXA): The primary purpose of this array is to receive the smoothed
data from the AA array. Since MAXAA was set to 50 and there are two files
of data, MAXA was set to 2 X 50 = 100. If there had been storage limitations,
MXA could have been reduced (tne smoothed points would then be temporarily
stored on tape.) However, this array must be large enough to hold the
smoothed points corresponding to a single raw date file.

STN (6,MAXSTN): The usual criterion for dimensioning this array is
number of raw data points per file. The sample problem has MAXSTN = 1000.
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Output

Primary output is the magnetic tape to be input into the main program

(FS4-305). Printed output includes the following.

Input Data:

The input data is printed out on the first page. Note that the
printout for the enclosed sample problem containb the values preset by
the program.

Raw Data:

By setting the raw data print indicator equal to a non-zero value,
each raw data file will be printed out immediately prior to being smoothed.

Smoothed Data:

By setting the smoothed data print indicator equal to a non-zero
value, each logical record of the output data will be printed immediately
after being written on the output tape.
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