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FOREWORD

Cubic Corporation developed the mathematics and methods for processing

Geouetic SECOR USA-Z satellite tracking data obtained during the equipment
test-service test (ET/ST). The ET/ST commenced with the USA-2 satellite

launch in January 1964, and continued through May 1964. This report
contains the mathematics, and a general discussion of the methods employed
and results obtained in processing Geodetic SECOR USA-2 satellite tracking

data. The report is prepared in compliance with the requirements of
Department of the Army Contract DA-49-018-ENG-2390, Modification Z4,
Addition I to Exhibit A, paragraph Id.

Cubic Corporation was the prime contractor, responsible for the
implementation of all contract provisions. All work was administered under
the supervision of the U. S. Army Engineer Geodesy, Intelligence and

Mapping Research and Development Agency (GIMRADA), Fort Belvoir,
Virginia.
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SECTION I
SUMMARY

1.1 Introduction. This report contains a discussion of the data
processing techniques employed by Cubic Corporation in the reduction and
analysis of Geodetic SECOR tracking data. The data processed was taken
during the period from 15 January 1964 to 24 April 1964 using the transponder
aboard the USA-Z satellite. Stveral ground station configurations and trtck-
ing modes were used during this period, and many of the possible types of
solution were performed with the data.

In the main text, the data processing techniques themselves are discussed,
together with a summary of some of the results obtained. Recommendations
for further prbcessing techniques, and for modifications to the existing
techniques are included. Details concerning the design or operation of the
Geodetic SECOR system are not part of this document. Refer to Cubic
engineering reports for the design characteristics of SECOR equipment.

To permit familiarization of the reader with the over-all processing
techniques without becoming overburdened with mathematical detail, the
mathematical discussions and operational procedures have been incorporated
as appendices. Supplementing the report are two copies of the program
listings given in Appendix T and one copy of the computer programs on
punched cards. The programs, which include many general purpose sub-
routines developed in conjunction with this and other projects, have been
extensively tested and refined to provide both accuracy and speed. Appendix
A gives the constants, units, rotations, and translations used in the text.

For additional information concerning the results of the Geodetic SECOR
data processing and analysis, refer to the following Cubic Corporation
reports:

Geodetic SECOR Simulation Study, Satellite USA-Z, Cubic Document
ES/71-2, June 1964

Geodetic SECOR Data Processing Summary, USA-Z Satellite Orbits
463-1448, Cubic Document SR/71-1

Geodetic SECOR Range Accuracy Study

Geodetic SECOR Maximum Ranging Capability Study

1.2 Purpose of the Pracessing. Data processing of the Geodetic
SECOR data (satellite USA-2) by Cubic Corporation was designed (1) to
provide a rapid check of the system operation, (2) to provide an indication
of the quality of the range data, and (3) to evaluate th.e data processing*techniques employed with data from the various modes of system operation.

i.- I



1. 3 Modes of Operation. The Geodetic SECOR system operates in
either the simultaneous mode or the orbital mode. For either mode, the
data obtained can be used in one or more types of solution as described in
the following paragraphs.

1. 3. 1 Simultaneous Mode. In the simultaneous mode, all
four trackers take simultaneous range data over the same portion of one or
more satellite passes. Thus, only the portions of the satellite orbit which
are line-of-sight with all four trackers can be used in simultaneous i-node
operation.

1.3. 1. 1 3-3 CORDEX Solution with Simultaneous
Mode Data. In the simultaneous mode 3-3 CORDEX (COoRDinates X, the
unknown station) solution, the range measurements made over two or three
satellite passes by three known sites and the CORDEX site are used to
determine the position of the CORDEX site. (See figure I-1. )

1.3. 1.2 3-2 CORDEX Solution. The 3-2 CORDEX
solution is similar to the 3-3 CORDEX solution, ex-ept that the height of the
CORDEX station is assumed to be known and is constrained in the solution.
In this solution, the ( ORDEX site may be located using only one orbital
pass as shown in figure 1-2. This solution is advantageous where good
geometry may not be 3btained for a 3-3 CORDEX solution, or where the
height of the CORDEX site has been well-established by other means.

1. 3. 1. 3 Line Crossing Computation. The line
crossing computation i-, used to determine the distance along a reference
spheroid (i. C. , the geode-ic) between the CORDEX site and one or more of
the known sites. (See figure 1-3. ) These lire length measurements may be
used in a network adjustment program to provide a check on the other
CORDEX solutions, or even to furnish a solution for the CORDEX site
relative to some assumed spheroid, In the line crossing solution, the three
known sites are used to establish the satellite's height while the simultaneous
ranges taken from the ends of the baseline provide the primary control of
the line length.

1.3.2 Orbital Mode. The orbital mode differs from the
simultaneous mode in that the CORDEX site measures ranges to the satellite
either before or after the satellite is line-of-sight with the three known sites.
The posizions of the satellite corresponding to the CORDEX site range
measurements are "etermined by orbital prediction using ,rbital elements
determined from the simultaneous range data taken by the three known
stations.

By using the orbital mode, CORDEX sites much farther from the
established survey grid can be located since the requirement for simultaneous
line-of-sight conditions is eliminated. The results obtained using the orbital
data indicate the presence of one or more sources of error which may include
base site survey, range calibration, ionospheric refraction correction bias,

1-2
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and orbital prediction techniques. It is recommended that further investiga-
tion be undertakel to identify the sources of bias, and to eliminate them
through extended solutions which solve for the residual biases. Al1o, orbital
prediction techniques utilizing longer fitting spans (or even multiple orbit
fitting) should be attempted to improve the long range prediction accuracy.

Only the 3-3 CORDEX solution as described in the following paragraph
was performed with the orbital mode data.

1.3.2. 1 3-3 CORDEX Solution with Orbital Mode
Data. This solution is similar to that performed with the simultaneous mode
data, except that satellite positions are determined from orbital prediction
instead of from direct measurement.

1.4 Data Processing Facilities. Data processing was accomplished at
the computer center of the University of California at San Diego (UCSD) on a
Control Data 1604 computer system. The CDC 1604 computer has a core
memory of 32 , 0 0 0 48-bit words, and an average cycle time of 4 tsec. The
peripheral equipment includes a 160A satellite computer, twenty magnetic
tape units, a card reader and punch, and a 1000-line-per-minute printer. In
addition, off-line key punches, a card lister, duplicator, and interpreter are
available for those using the computer.

The data processing programs were written in FORTRAN 63 and in
CODAP assembly language. Operational descriptions of these programs are
included as Appendix T, and sample listings constitute Appendix S of this
report.

1-6



SECTION II
COMPUTATIONAL PROCEDURE

2.1 Introduction. Most of the data processing prugrams were written
prior to the launching of satellite USA-Z. Since the data in this report were
obtained in the first truly operational test of the system, the various process-
ing steps were set up to run on separate computer passes to allow inipection
of the intermediate results before further processing steps were attempted.
The results obtained during each computer pass were listed and recorded on
magnetic tape for use in the subsequent processing steps. Figure 2-1 is the
over.all data processing flow diagram. Each box in the diagram indicates a
computer pass, and the arrows (unless otherwise indicated) designate the
magnetic tape reels used. The tape reels, except for the original raw tapes,
were identified with a letter, orbit number, and station number for process-
ing purposes. For example, R 13:. I is the raw tapi from orbit 132, station
1. The letter designations of th.. various tapes are in parentheses next to
the arrows.

In the following paragraphs, the processing steps accomplished during
each computer pass (as shown in figure 2-1) are discussed.

2.2 Copy Raw Tapes. The magnetic tapes recorded at each tracking
site were forwarded t'o Cubic Corporation through the GIMRADA representative.
The tapes were copied and the originals were returned to the GIMRADA
representative for shipment to Army Map Service (AMS). B-rause the end-
of-record gap on the original raw tapes was not sufficiently long for use by
the CDC 1604 c, nputer, copying the tapes could not be accomplished directly
on the computer. The original tapes had an end-of-record gap of only 5/8-
inch, whereas the 1604 computer system tape units stop at the end of each
physical record and require a 3/4-inch end-of-record gap. Therefore, the
'apes were copied on the CDC 160A satellite computer with a CDC 163-Z tape
anit which reads continuously and requires a shorter inter-record gap. The
tapes output by this program (R tapes) were compatible with the i604 tape
units, and werc uzed for the subsequent processing steps.

Some delay in processing time was experienced as a result of this
procedure because the 160A computer is not generally available for us -
except as an integral part of the 1604 computer system. The time which
would be saved in processing would probably justify an investigation into a
tape format change to make the magnetic tapes compatible with standard
tape units.

Z. 3 Raw Data Listing. Each raw tape was listed as a preliminary
check of data quality and as a means of locating regions of usable data. The
listing (program EXAMI) involved unpacking the raw tape data format (sub-
routine FORMAT), and converting it into a more convenient format; resolving
the ranges (subroutine RESOLVE); and listing this information. Copies of
the raw data listing were forwarded to the GIMRADA representative.

2-I
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The method used to resolve the ranges is discussed in Appendix B, and
the sample raw data listings (as previously noted) appear in Appendix S.

The raw data listings were made available within 24 hours of the receipt
of tbh,, original raw tapes by Cubic Corporation. This turn-around time was
continued throughout most of the data processing, and provided valuable
assistance both to the GIMRADA representatives and to the Cubic field
engineers.

2.4 Data Editing and Smoothing. During the data editing and smooth-
ing pass (program PASSZ), the raw tape from each tracking site was read,
and the following operations performed:

(1) calibration constants were applied to the raw range and to the
measured ionospheric correction (IC),

(2) the raw ranges (plus calibration) were edited for ambiguities and
spurious bad samples,

(3) the edited ranges were smoothed using a least squares moving span
filter,

(4) the range rate and range acceleration were determined as a by-
product of the range-smoothing process,

(5) the smoothing residuals (differences between the smoothed and
edited ranges) were calculated and used to determine a standard deviation
(rms error) for each block of 132 samples.

The information from step (5) was used in the subsequent data evaluation.
The editing and smoothing data were generally available within two days of
the receipt of the original raw tapes.

Z. 4. 1 Calibration Constants. The calibration constants to be
applied to the data were calculated for each orbit in the field and forwarded
to Cubic Corporation through the GIMRADA representative, These calibra-
tion constants included one for the very fine (VF) channel and one for the
very fine ionospheric correction (VFIC) channel. These consbnts were input
on cards during the data editing and smoothing pass (program PASSZ).

The final calibration constants represented an estimate of the phase shift
within the station-satellite loop other than that phase shift attributable to the
range. In practice, these phase shifts were measured in four steps:

(1) Each station measured the range to a test transponder (TT)
over a known distance (cable phase shifts included) and noted the offset

S((STA + CTT)"

2-3



(2) The test transponder of the station was compared with the
transponder calibration unit (TCU) and the difference was noted (CT + o

(3) The transponder calibration unit was compared with the
satellite transponder (TCU + SAT ) .

(4) The phase delay from the satellite antenna to the satellite
transponder was ineasured ( ,SAT ANT )

The final calibration constant was found from:

¢CALIB = feSTA + CTT) - (CTT + OTGU) ( (TCU + OSAT) + 0 SAT ANT

Z. 4.2 Data Editing. The data editing process removed ambigu-
ous and spurious bad samples from the raw range data. The editing was
accomplished by comparing each first difference with a first difference pre-
dicted from previously edited ranges. Where the agreement was within the
noise tolerance (25 meters), the corresponding range was passed unchanged.
If the agreement was within the noise tolerance of an integral number of Z56-
meter ambiguities, the total ambiguity was removed from the output range.
Where neither of these conditions existed, the sample was considered to be a
spurious bad sample, and it was replaced by an extrapolated range value.
Since extrapolation depends on the use of 'good' samples, only five successive
bad samples were allowed before a search for a new starting span was initiated.

The process of editing based on first differences requires that the editing
process begin in a region of nonambiguous data. In order to find such a
region, the average second difference of a span of five samples (the starting
span) was computed and compared with a predetermined maximum value (10
meters/(0. I sec)Z). If the maximum value were not exceeded, editing com-
menced; if the maximum value were exceeded, the next five samples were
examined. A detailed description of this data editing technique, together with
a flow diagram of the process, is included as Appendix C.

The edited Geodetic SECOR range data exhibited two types of ambiguity,
sporadic and consistent. The sporadic ambiguous samples occurring in 3 to
5 per cent of the ranges posed no problem, and they were completely
eliminated from the data. The consistent ambiguities caused a constant offset
of the data for an extended interval. These ambiguities sometimes resulted
in an offset of the entire span of edited range data if the editing procedure
started in an ambiguous span of data. These ambiguities were generally in
the extended range (524, 288 meters) and resulted in an offset which was
readily recognized from an approximate knowledge of the orbit, or by
examining the permuted satellite positions. When such an offset occurred,
it was removed during the satellite position calculation by applying the offset
as a calibration constant.

Z-4



An example of the edited range data is shown in figure 2-2. In this data
sample, the editing process was started in a region of consistently ambiguous
data, resulting in an offset of +524, 288 meters in the edited ranges. The
presence of the offset is obvious from the predicted range data supplied by
the NASA Goddard Space Flight Center, and it was removed as a calibration
offset in subsequent processing steps. The figure also illustrates one
spurious ambiguity in the fifth sample; this was removed during the editing
process.

Z. 4.3 Data Smoothing. The edited range data were smoothed
to reduce the random noise content of the data. As a byproduct of the smooth-
ing process, the range rate and the range acceleration were also determined.
The smoothing filter used was a twenty-five, second degree, midpoint filter.

This filter effectively fits a second degree polynomial to a span of twenty-five
ranges, and from this polynomial a smoothed thirteenth range is calculated.
By successively shifting the range data and repeating the process, a series of
smoothed ranges were determined. The range rate and the range acceleration
were then determined using the time derivative of the polynomial. This type
of filter is discussed in more detail in Appendix D where plots indic,'te the
theoretical noise reduction and frequency response.

The differences between the edited and smoothed ranges (the smoothing
residua s) were calculated and output as an indication of the data quality. A
plot of a typical set of residuals is shown in figure 2-3. The horizontal dashed
line in this figure indicates the probable error of a single observation based on
these smoothing residuals (0. 26 meter).

A more comprehensive understanding of the noise removed by the smooth-
ing process may be gained by examining the frequency distribution of the
smoothing residuals. A typical spectral density plot of the residuals is shown
in figure 2-4. This plot is normalized in such a way that the area under the
curve is equal to the sample variance of the residuals. The tapering off of
the curve at low frequencies must be attributed to a combination of the
spectral characteristics of the noise and the filter response.

2.5 Satellite Position. The satellite position program (program
PA9S3) time-synched either three or four ES tapes (edited and smoothed
data tapes), and produced an output tape consisting of the station data plus
the computed satellite position. Durng this computer pass the ranges were
corrected for constant offsets, tropospheric refraction, ionospheric refrac-
tion, and transit time. These corrected ranges along with the range rates
were then used to compute the final position of the satellite. In addition,
when simultaneous mode data were used, an internal range consistency check
was computed.

2. 5. 1 Calculation of Satellite Position and Velocity. The
calculation of satellite position and velocity was performed twice. The first
solution was performed with the smoothed ranges from the ES tapes plus the
correction for constant offsets. This initial solution was used to calculate
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the range, elevation angle, and the range rate of the satellite as observed at
each tracking site. These parameters were then used (as described in the
next paragraph) to compute the various range corrections. From the corrected
ranges, the final satellite position was computed.

The mathematics for the calculation of satellite position using the
simultaneous ranges measured at the three known stations is derived in
Appendix E. This solution may 3e geometrically interpreted as the inter-
section of the three spheres, with the radii defined by the three ranges and

centered at the three tracking sites.

IThe satellite velocity was determined using the simultaneous ranges
and range rates from the three known sites and the set of linear equations
derived in Appendix. F.

2.5. Z Range Corre tions.

St2. 5.2. 1 Correction for Constant Range Offset.
Since the data editing, at times, produced ranges which were offset by a
constant ambiguity, provision was made to apply a calibration constant to
each range during the satellite position calculation. The set of range correc-
tions (if any) was input on cards by the PASS3 program and applied to the
input ranges befcre any computations were made.

2. 5. 2. 2 Tropospheric Refraction Correction. The
tropospheriL refraction range correction was made using the analytic model
(subroutine REF) discussed in Appendix G. The correction was computed
,dsing the range and elevation angle at each site determined from the initial
satellite position computation as the model parameters.

2. 5.2. 3 Ionospheric Refraction Correction. The
ionospheric correction was made using the analytic model for the ionospheric
correction (subroutine IONCR) described in Appendix H except for one orbit
(1365) where the measured IC was directly applied to the data. (Refer to
Appendix I. ) The use of the analytic model was adopted because of the
relatively high noise content of the measured IC compared to the measured
very fine channel, and the consistent loss of IC lock at the Austin site.

In addition to the range and elevation angle, the analytic model for the
ionospheric correction used the maximum electron density of the FZ layer
and a blope constant, K2. These parameters were determined by a least
squares adjustment to the measured IC values from all sites (program
IONITR). Figure 2-5 shows the distribution of the maximum electron density
plotted as a function of local time. These results indicate a probable residual
error of about 20 per cent of the total ionospheric correction, which normally
represents about five meters range error.

Z. 5.2.4 Transit Time Correction. The transit
time correction (Appendix J) was applied to the ranges (program PASS3) to

2-9
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establish a consistent time base for the observations. This corret-tion was
applied to all range data used for satellite position determination, although it

is only required when orbital prediction is to be employed.

2. 5.3 Internal Consistency. When simultaneous mode data

was used in the satellite position program, an internal consistcnc) check was
made by performing four different satellite position calculations with the four
sets of three ranges. Comparing these four solutions \vith the average
solution provided a measure of the consistency of the range measurements.
The results of this internal c(,mparison showed agreement in satellite position
within a few meters in regions of good geometry.

2. 6 Determination of Orbital Elements. The various solutions using
orbital mode data required the determination of the position of the satellite
corresponding to the time at which the range measurements were taken at the
CORDEX site. This determination of satellite position depended on orbital
prediction techniques based upon simultaneous range measurements made by
the three known stations. From range data taken by the known stations, a
set of orbital elements were derived for the orbital prediction program.

Z.6. 1 Punch Cards. For convenicnce, the equatorial
satellite coordinates of position and velocity determined from measured data
were punched onto cards (program SPUNCH) from the satellite position (SP)
tape. The cards were then used in the orbital fit program discussed in the
following paragraph.

2.6.2 Orbital Elements by Least Squares Trajectory Fit. The
orbital prediction techniques employ the particular set of orbital elements
known as injection vectors. These are the equatorial position and velocity of
the satellite at a certain time (injection time). The choice of injection time
usuali corresponded to the first time for which satellite position was calcu-
lated. Thus, the measured satellite position and velocity at the injection
time yielded a first estimate for the injection vectors. The orbit fitting
techniqu, is discussed in Appendix K, and a general discussion of the least
squares adjustment techniques is included (for information) in Appendix L.

Orbit fitting (program PCMPTJ) consisted of adjusting the components of
the injection vectors so that the differences between the measured and pre-
dicted equatorial position and velocity were minimum (in the least squares
sense). The method of obtaining the predicted coordinates is discussed in a
later paragraph. The results of a typical orbital fit are illustrated in figure
2-6 where the equatorial position residuals (differences between measured
and predicted values) are plotted for the samples used in the fitting span.

Similar orbital fitting techniques were attempted, fitting only to the
satellite position, and directly to the difference between predicted and
measured ranges. (See figure 2-7. ) However, all of these techniques4 produced similar results.
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2. 7 Satellite Position by Orbital Prediction. During the orbital
p,'ediLtion pass (prograin GSORB) the injection vectors determined from the

( trajectory fitting were used to predict the satellite position for each data
sample reacd from the CORDEX site ES tape. These data were then packed
on a predicted satellite position (PSP) output tape which was simiiar in format
to the SP tapes, and was compatible with the various GORDEX solution
programs.

The actual prediction of satellite position was performed by numerically
integrating the% total force field, or by numerically integrating only the
perturbation accelerations and adjusting a two-body reference orbit. (Refer
to Appendix M. ) Both these techniques are described in detail in Appendix N,
and the two-body prediction techniques are described in Appendix 0. The
perturbations mentioned refer to forces other than the two-body central
force field, and include the second through the ninth zonal harmonics of the
earth's gravity, atmospheric drag, and lift. The last two perturbations are
discussed in Appendix P, although, as expected, the effect was found to be
negligible for the prediction intervals and vehicle altitudes involved.

The primary perturbation arises from the higher order terms of the
gravitational force field. The gravitational perturbation was calculated using
the first nine zonal harmonics as described in Appendix Q (subroutine
GRAVITY).

The satellite position and velocity predicted were used to form a pre-
dicted rang,.. and range rate which could then be compared with the measured
values. Figure 2-8 shows the comparisons over about three minutes of track
for orbit 504.

2. 8 CORDEX Solutions. The solution for the position of the CORDEX
site is the primary function of the Geodetic SECOR system. In processing the
data two types of solution (3-3 and 3-2 CORDEX solutions) were performed.
Although eat h of these solutions may be performed with either simultaneous
mode or orbital mode data, only the 3-3 CORDEX solution was actually
attempted with orbital mode data.

The initial computation is the same for either solution. That is, the

position of the satellite must be found at points along the orbit at which ranges
to the CORDEX site are available. For the simultaneous mode data, all this
information was available on the SP tapes. in the orbital mode, the satellite

positions were found by orbital prediction, and were recorded along with the
corresponding CORDEX site ranges on the PSP tapes.

In processing both the CORDEX solutions, discrete solutions were
computed by choosing three (or two) spans of data and performing the solution
with successive triads (or pairs) of data points. The resulting solutions were

compared with the mean solution, and with the surveyed position of the

.A CORDEX site in order to estimate the quality and consistency of the solutions.
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2.8. 1 3-3 CORDEX Solution. In the 3-3 CORDEX solution
(progran PASS4) the position of the CORDEX site was determined by trilat-
crating to the CORDEX site from three satellite positions using the correspond-

ing ranges to the CORDEX site. The mathematics of this solution is identical

with that used to solve for the satellite position except that the three satellite

positions form the reference sites and the CORDEX site position is solved for.
(Refer to Appendix F. )

Figure !-I shows the geometrical arrangement for the simultaneous mode
3- 3 CORDEX solution where two orbital passes are used. An example of the
results of the .3-3 CORDEX solution is illustrated in figure 2-9. In this figure,

the difference between the CORDEX site latitude and longitude determined

from rang, measurements and the survey values are plotted on the left. Each

point of this plot represents a solution determined using a different triad of

satellite locations. The approximate geometry for the solutions is illustrated

at the right. The geometry for this set of solutions was good; hence, the

distribution of solutions is quite symmetrical. Less favorable geometry

tends to distribute the random errors within an elliptical region.

4. 8. 2 3-2 CORDEX Solution. The 3-2 CORDEX solution
(program PASS432) is similar to the 3-3 CORDEX solution except that the

height of the CORDEX site is assumed to be known; thus, the height replaces

one range measurement. The trilateration to the CORDEX site requires two

satellite positions plus the height of the CORDEX site. The mathematics of
the two-.range-And-altitude solution is derived in Appendix F, and the geo-

metrical configuration using one satellite pass is shown in figure 1-2.

2.9 Line Crossing Solution. The line crossing mode illustrated in

figure 1-3 consists of determining an estimate of the geodesic (shortest

distance along the spheroid) between two of the tracking sites. In operation,

four sites tracked the satellite simultaneously as it crossed the baseline.

From the range data taken by three of the sites, the satellite's distance from

the center of the earth was determined. One of these three sites and the fourth

site formed the ends of the baseline. The mathematical details of the line

crossing technique are contained in Appendix R.
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SECTION III
SUMMARY OF RESULT ,

3. 1 Introduction. The method of computing the unknown site solutions
for the Geodetic SECOR USA-Z satellite data processing did not weigh solutions
or discriminate between them on the basis of optimum geometries. Because
geometry bears a dramatic relation to accuracy, theoretical error propaga-
tions were processed which corresponded to the actual geometries used in the
data reduction. A comparison of the theoretical accuracies and the observed
results, therefore, provides a means of normalizing solutions. In many
solutions, disagreement can be anticipated if poor results are predicted in the
error propagation.

It is important to remember that the theoretical error propagation is
based on a statistical model, implying a large sample space. Actual solutions,
on the other hand, are discrete cases or represent an average over a relatively
small number of discrete cases. Observed solutions should approach the
theoretical predictions in characteristics and in magnitude over many solutions,
provided the theoretical error model is valid. The theoretical error propaga-
tion does not take into account that the standard (in this experiment, the
assumed position of the unknown site) might be incorrect. The difference
between the computed and surveyed site coordinates, therefore, includes
some constant error because of the uncertainty in the asumed standard.

The assumed error models used in the theoretical error analysis are
li.td in %'able 3-1.

TABLE 3-1

ASSUMED ERROR MODELS

or System u Tropo a Scale a Survey a Iono cr Site
(feet) (per cent) (ppm) (ppm) (per cent) (feet)

CORDEX I 9 5 I4 5 0

CORDEXZ 5 5 1 4 5 0

CORDEX 3 15 5 1 10 5 0

Line Crossing 9 5 1 15 5 15

3.2 Small Quad 3-3 6ORDEX Solutions. The base stations used in the
small quad were Stillwater, Oklahoma; Las Cruces, New Mexico; Austin,

Texas; and Fort Carson, Colorado (the unknown site). Table 3-2 includes
the major portion of the CORDIX solutions processed on the early USA-Z
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satellite orbits. SECOR - SURVEY differences are the result of taking an
average of a sequence of actual Geodetic SECOR solutions and subtracting the

r e U. S. Coast and Geodetic Survey geodetic site coordinates from this average
solution. The standard deviations shown per solution are computed from the
residuals, where the residuals are the differences between each SECOR -
SURV -Y offset, and the average of the offsets for one particular solution.
RSS refers to root sum square, and indicates the composite bias and noise
err:or. The RSS is computed by squaring the mean offsets and the standard
deviations, adding, and taking the square root.

Hence,

a 2 1/2
RSS=(ZA + )

where (A - A)i

or = sample variance
n-I1

A SEGOR - SURVEY - residual

= average residual

n = number of individual solutions

SEP+ + A +

3h+ A+ A7h

with A(,, A%, Ah, a, af' ah expressed in meters.

Note that in table 3-2 the over-all observed results fall between the
theoretical error propagations given by error models I and 2. The control-
ling terms in these models were the system and survey errors. In both cases,
a base site survey witi- an accuracy of 4 ppm was assumed. A ranging
accuracy of approximately 3 and 5 meters was used in models 1 and 2,
respectively. This indicates (nonconclusively) that over-all accuracy (rang-
ing, correcting, processing, etc. ) was approximateiy *4 meters, and site
survey was approximately 4 ppm for this quad.

Several solutions which were processed for the small quad are not
included in this summary. Deleted solu.ons were adjudged nonrepresentative
either because of geometry, or because of peculiarities in the data. Refer to
the tabulations and listings for detailed information concerning the solutions.

3. 3 Large Quad 3-3 CORDEX Solutions. In the large quad 3-3
simultaneous mode GORDEX solutions, the base stations were located at
San Diego, Austin, Grand Forks, and in some cases, Fort Carson. Larson
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Air Force Base in the state of Washington was the unknown station. Results
tabulated are in the same format as thuse presented and explained for the
smaJl quad operation.

From table 3-3 it is apparent that solutions are not quite as accurate for
the large quad operation. The error propagation, however, predicts reduced
accuracy for the geometries used. It had ocen anticipated and proven by the
error propagations that the large quad would give the opportunity for improved
geometries and, consequently, improve solutions over those encountered in
the small quad. In the actual operation, intervals of simultaneous track and
the selection of orbits limited the geometries that could be used to obtain
comparison data.

Considering the large quad results with respect to the theoretical error
propagation, improved results were obtained over those experienced on the
small quad. As a test criterion, if the t.tal RSS observed is divided by the
theoretical RSS means (using error model one), then from tables 3-Z and
3-3,

Observed 16.5Theoretical 14.5

Observed 34.0Large Quad Ratio .- Theorec = 75.7= 0.45

4 3.4 Orbital Mode 3-3 CORDEX Solutions. Table 3-4 includes the
results of the orbital mode 3-3 CORDEX solutions. Sites in the small quad
were used to determine the satellite position and velocity to which injection
vectors were computed by an iterative least squares technique. Satellite
positions were then predicted forward to times synchronous with ranging
observation times at the Grand Forks station. With the predicted satellite
positions and the meas,tred ranges, the position of Grand Forks was computed.
Error propagations of the Grand Forks CORDEX solution in the orbital mode
were not processed. Solution results, therefore, have to be qualified
subjectively.

It appears that the reduced accuracy in the orbital mode has three primary
sources:

(1) relatively small orbit fitting spans,

(Z) system and base site survey bias errors,

(3) interi:al timing.

Small fitting spans allow any error in the data to upset the vector fitting and
give less accuracy in the injection vector determination. The forward
prediction will then deteriorate rapidly. Timing error arises from the use
of independent local time sources. A time offset will mean that the predicted

3-4
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satellite positions and the measured ranges are not synchronous. Time
synchronization is not encountered while the Geodetic SECOR equipment is
used in the simultaneous mode. System and survey bias will give a slight

Lmisorientation of the injection vectors and therefore will affect the forward
predictions.

The experience and extensive testing undertaken in the data reduction
and computer program development has indicated that the orbit fitting and
prediction techniques are extremeky accurate. Over the intervals of pre-
diction and fitting used in this reduction, it was demonstrated that the
analytic methods did not contribute significant error in the solutions. It is
thought that the two error sources of fitting span, and system and site survey
bias error effects can both be overcome if multiple orbits are used in the
fitting procedures. The lever arm inherent in the long predictions will allow
recognition or compensation for any initial misalignment of the injection
conditions. Of course, care will have to be exercised to assure that the
analytic model and techniques of prediction and fitting do not then become
major error sources.

3. 5 Satellite Line Crossings. Table 3-5 is a summary of the line
crossing solutions and comparisons computeci from the USA-2 satellite data.

he results of the line crossing mode are commensurate with the theoretical
results with two exceptions. All lines measured to tht Herndon, Virginia
site are long. The correlation of these results over all lines indicates that
the Herndon site is, in all likelihood, mislocated. The rms errors shown in
table 3-5 are misleading because they are computed fior the differences
between an analytic curve fit to the geodetic distance sums and the observa-
tion computed st.ms. A parabolic form is assumed in the curve fit. The
geodetic distance sum however is not parabolic due to the earth's rotation.
Even though the rms error is quite high in some lines, the fit is representative
at the crossing. A direct comparison between the computed minimum crossing
from the analytic fit and the measured data shows that the solution is accurate
(to within one meter in all cases processed).

The strength of the line crossing solution in this experiment is the result

of accurate ranging and the accurate determination of the satellite's distance
from the earth's center. Use of a ground station to track the satellite during
the crossing allows this high accuracy. The line crossings processed here
represent the longest lines ever processed and clearly demonstrate the
strength of the technique.

3.6 Large Quad 3-2 CORDEX Solution. In the large quad 3-2 simulta-
neous mode CORDEX solution, the base stations were located at San Diego,
Austin, and Grand Forks. The Herndon site was chosen as the CORDEX site
with its survey height assumed correct. The 3-2 CORDEX solution was then
run using different orbits and geometries to see if any survey bias could be
detected. The possibility of such a bias was suggested by the line crossing
results. The results of the five solutions attempted are given in table 3-6.
Because of the relatively short baseline obtained, the solutions show incon-
clusive results in latitude. That is, the standard deviation of the various
latitude determinations from the mean exceeds the average latitude offset.
The longitude, however, shows a rather consistent bias. 3-7



TABLE.

GEODETIC SECOR USA-2 SATELLITE LINE CROSSING SOLUTIONS

LINE GROSSING RESULTS *

)RBIT STATIONS SECOR SURVEY SECOR-SURVEY RMS OBSERVED THEORETICA
m m m RSS m RSS m

463 Austin 1,157,575.2 1,137,559.8 15.4 5.6 14.5 25.8

t52 Aust n 1,137,575.0 1,157,559.8 15.2 65.0 66.5 25.8
- Ft. Cargon_____ _________ _ _ _

Austin648 SantDiego 1,860,074.3 1,860,051.9 224 9.0 24.1 15.0
Stillwater

648 San ieo 1,882,470.1 1,862,456.7 15.4 3.2 13.8 15.0

6 Still water----67 illIMt. 1,862,473.4 1,762,456.7 16.7 15.4 22.7 15.0670 San Diego

808 1 ,862,449.4 1,862,456.7 -7.3 12.3 14.3 15.0808 San Didso

S1131 Stillwat r 1862E457.0 1,862,456.7 0. 2.0 2.0 15.0
San Diego

8962 San Dgo 5,628,300.5 30628,265.0 55.5 1.5 55.3 9.6Herndon .. ....

401 San Diego 3,628,215.4 5,628,265.0 50.5 3.5 50.6 9.6
- a Herndon

1241 San Diego 3,828,00.5 3,49,993.6 45.5 135.1 57.0 9.3Herdon 1 -

1565 Ban Diego 3,628,296.3 3,2,6.0 "1.3 5.0 51.7 9.6Herndon,
155 Larson
1365 do - ,494,059.5 3p493,9§3.6 45.9 3.5 46.0 10.3

Ft. Carson
1365 2,374,065.3 2,374,034.5 28.8 7.7 29.8 13.8

Austin1505 2,641,159.4 2,641,164.4 -6.0 2.7 6.6 11.4

1505 G. Forks 1,675,760.5 1,675,745.8 14.5 26.3 50.0 18.6

1505 San Diego 2,587,105.5 2,587,098.2 7.5 1.7 7.5 12.0
-05 ,~. Forks

1269 San Diego 2,387,105.0 2,587,098.2 6.8 7.3 10.0 12.0- ' . Forks __ __ _....__ __

M6AN 20.1 10.8 27.2 14.3

STANDARD DEVIATION 18.0

, Line Crossing Results based on International Spheroid
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SECTION IV

RECOMMENDATIONS

4.1 Introduction. Techniques of data processing developed in the

reduction of Geodetic SECOR USA-Z satellite data form the bases of a second
generation set of solutions and operational procedures which may significantly
influence future uses of the Geodetic SECOR equipment. Noted below is a
tentative list of solutions and procedures that should be attempted before the
present processing effort is terminated. Observational information from USA-2
Geodetic SECOR satellite tracking is thought to represent the most accurate,
consistent, and extensive accumulation of satellite positional data ever taken.
If further processing and extended solutions are not undertaken in the near
future, present interest and experience will probably dissipate.

4. 2 Extended Solutions.

4.2.1 3-N Solutions. The 3-N solution is an extension of the
solutions discussed above in that all available data is included in a least
squares solution for the CORDEX site position. This type of solution allows
data from multiple satellite passes to be included and eliminates the necessity
of using discrete solutions over limited spans of data.

The 3-N solution may be further enhanced by including weighting based
upon geometry and an assumed error model plus observational noise estimates.
Thir technique emphasizes data of low noise content in regions of good geome -
try. Preliminary solutions obtained with the 3-N solution indicate that stable
solutions may be obtained where either all three coordinates of the CORDEX
site are adjusted, or only the latitude and longitude are adjusted.

4. 2. 2 Analytic Calibration. An attempt should be made to
utilize the overdeterminaacy of the observations to adjust not only the coordi-
ttes of the CORDEX site, but also to adjust the calibration of the range data.
This technique would help reduce the effect of calibration drifts (if any) in the
satellite transponder. This type of adjustment is an extension of the technique
used during the aircraft flight tests to establish range calibration.

4.2.3 Range Rate Solutions. Further solutions are possible
using the computed range rate. The range rates could be used alone or in
conjunction with the measured ranges. These sol',tions should be investigated
to determine their relative merits.

4.3 Line Crossing Evaluation. An investigation should be made to
determine the causes of the line length offsets which are evident in the data
where Herndon was used as the CORDEX site. This investigation should in-
clude a network adjustment based upon the measured line lengths to determine
if the errors might be attributed to survey offsets at one or more of the track-
ing sites.

4-1



4.4 Ionospheric Correction Evaluation. The ionospheric data obtained

by using the dual frequency phase measurements should be further investigated.
Of primary interest should be a comparison with data taken by other means
(e. g., NBS ionosonde records) to determine the accuracy and consistency of
the measurements. A secondary investigation should be made into better mod-
eling of the ionosphere in order to account for predictable horizontal variations
due to the solar zenith, magnetic latitude, etc. Such a model would allow a

better ionospheric refraction correction to be made, and would enhance the
accuracy of the solutions, particularly at lower elevation angles.

4.5 Orbital Accuracy. Further investigation should be made into the
orbital prediction techniques. In particular, investigations of orbital predic-
tion over larger portions of an orbit and also over multiple orbits should be
made. These techniques are vital to the extension of the orbital mode opera-
tion and more automated techniques of data reduction.

4.6 Operational Orbital Data. The large quantities of data which can

be taken by the operational Geodetic SECOR system require more sophisticated
data processing techniques. Use of predicted orbital information could pro-
vide a valuable basis for such techniques. For example, data editing based
upon orbital prediction could reduce the chances of the occurrence of offset
edited data. Furthermore, in regions where only two trackers were locked
or within line-of-sight, all range data available could be used in an adjustment

( program for the orbital elements.

(
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CUBIC CORPORATION

APPENDIX A

, CONSTANTrS. UNITS. ROTATIONS. AND TRANSLATIONS

... * Conversions of measurements and definitions of basic

shapes and sizes are pertinent in data reduction procedures. The constants

used in ali processing and in earth shape and spin rate computations are

given in table A-i.

TABLE A-i

QUANTITY NSICN

ONE WER 3.28C8.3333333 F'-T

ONE-DEGREE C.O1745329252 RADIANS

ONE NAUTICAL MILE 6076.10333333 FEET
ONE STATUTE RILE 5280.00000000 FEWT

VACO VELCITY OF LIGHT 983569220.00: FEET/SEC

:, 3. 141592653'

ONE SIDEREAL DAY 86164 XEAN SCLA;R SECONDS

ONE MEAN SOLAR DAY 8 6400 MEJ; SOLAR SECONDS

EARTH1 S ANGULAR~ RATE (we () = 3_L I &

1SIDE\L DAY 86164 HSS

= 0.00007,92'.2351 RAD/SEC

KO" MODEL OF EARTH

PRINCIPAL GRAVITY G = 32.14648177 FEEr/SEC2

SEVID4JOR AXIS a = 6378165 YXTES

a = 20925696.335 FEET

SDIMINOR AXIS b = 6356783.287 !MET.'rS

b = 20855546.499 FEFr

I ATTilIG = 1/298.3

*Kozail, Yoshihide, "Numerical Results f'rora OrbIts." S-41thsonian.Institute

Astrophysical Observatory Special Peport No. 101. A-i



CUBIC CORPORATION

rAkLE A-I ! c',,t')

QUANTITY DfiMENSION*

ZTMIATIONAL WATi MODEL

PRINCIPAL GRAVITY G 32.199 FEET/SEC2

SEMIAJO'R AXIS ,a * 6378388.0METFRS

a 20926427.961 FEET"

SE4fMINOR b = 6356911.946 M RTS

b = 20855968.607 FEET

InATT2IING = 1/297

j866 W.714, EARMT D0DEL

SE4IMAJCR AXiS a = 6378206.4 MMTriS

a = 20925832.162 FEET

SM2M.,IGI{. Axis b - 6356583.8 10,ERS

b = 20854892.015 FEET

.TTT;ING = 1/294.978698

A sidereal day is the time for one rotation ot the earth

A mean solar day is an average of true solar days, where a true sola day.

is the tire elapsed for successive intersection of an earth :eridian with

a sun ret'erence. The r, ean solar day is defined'as 24 hours and, corres-

pondingly 86400 seconds.

in trajectory predictions, the earth's sidereal period def'ines the

earth's angular rate. Most loc&1 and universal time is expressed in mearn

Solar time.

A-2



CUbIC CO UOPATION

U1 ITS ... . -'he formu=lae 2'or development o:' two-boay trajectory

V ~ The values of' canonical -units L"or near earth two-body equutions are given by:

UL = one unit of length a a

lUV = one unit of velocity IVA

lUT = one unit of time = IUL/I5tP

where

G = 32.14648177 'eet/sec2 , t e principal gravity
term in the Kozai earth model.

a a 20925696.335 veet, the earth's equatorial

radius In the Kozai eart:, model.

!jITATIOS ...... Aseume a right-handed conventio:. (i.e., the X axis

perpendicular to Y where a 90 ,counterclockwise. rotation of X rotatei X

intoY and the Z axis is nori.al to the XY plane) for &ll coordinate systems;

then the :'ollowing set of simple rotations will reduce the complexity o:'

representation in each rk'erence t'rame used- in trajectory prediction and

vehicle position and velocity computations, In all rotations, the angle

of rolation is :easured counterclockwise Crom the new axis to the ormer

axis.

In figU . A-7 , a rotition about the Z axis that would rotate a vector in

the primed into the unprimed system takes the standard matrix Zorn

L c< Mos- (I)

,0
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12 loca eatn.1
_ 01

M. 0 ~ . -~s~. [ bou t ov~a east to equatorial

Cos;, sinP

colinear --quatvc'rial (7)

-1.ca ~ east north-up (j Nl 8

=M Mi east-north-ub tr. eckaorl

_'M (10)

w-her~e

hq.uatoria 'axis, In the equaetorial plane through the
~entr o mas ~the edr'th -and -the Greenwich

merldiafi, axie, in 1tne equatorfal plane and
9,00 cO-i~ntercloclkwl e :for X., and, the Z_. axis
&-%on-* thr- axis o. -rtto Oki the, earmh..

Vertical =Lhbe Jplur.b 17it oi- nomr~l ro the local' lines
oZequi;)ot-efltit gravitly (- EOJD

0g focentiric lonrgvude measurpd'
cojunterclockw41se Crovi the 13 -em-r oh, xrnetdian.,
geodetic (govphic6Pt~~d ~eprd xo
the equfttoi1,plane

4a = lmtruth angle oL' 'set l)Ct-wren local- and BNU

h. 1 VC'rt'cal, misa-Iigniment betweer, local a~nd FAN

A-4



CMiC OCIPORATIOtN

Mien. the 14 atrix 3dbove -has been computed, a vec'.or mesrd n

V (a locid reflerence system is r-ota6ted to eqpatoria-l by -the, 5lngile rotation

-T'
-and-M, will rotate from e'aiatoriial to l.ocal- coordlrate- .

& otation *ro:i.:cqtoial to Inertia], is-,,iven by qioii2

Is-, o 4" 10 - q a o-a ,t

4-4

.nertibl space fixced syst'eml which i' coi-in~ar~ with.
eq~i.tc~rat' ~t

0

t tme o ,>epoch or in e ct io r,

t F- tiiie in, tracctq y

TR~nLA1II~s-. . . K tra'jec tory coripp. 'ations -are perfo]rMed In,

an. iner-tial. i-e: e, n ce s-s'ena. Measu red &nd- comoutei- data, uliy' be recorded-

or, d-esird inl~m arbitrary local s.ystem. w'ith the -abbve matricesi tJiOe

r Ota tiors and trranslatlons of' prsltior ard VelCci-ty vectois PN~bm 8- loca'l

systemn.,to inertlal are given 10Y

£v

L1 I +t . t y

p (14

kV

V A-.



.- ~ where~

c VO^S 06

1i X cos V unit vector In~ geoc'ntric (1.7)

cC' X - Ccordr'Oe

I 'A i, cos -un'if' vect-,r in gecde~ic (18)
C.coordlpafte~s

HI I( hc~ght oCv the l-odal c'oordip±t( system &bov- melan

-,eccenxic latitude

R V osi , r n nid veocity-. vectors in inertial, cobrdhts

frn_ t- -,cL' thodrtsb h olji'pcoe eart rotation n

t&riined to ocw

P A, -JR-/
L- L r. 0

14V



dh~n it -Is n~ecessary to translilte position 'Vectors f'rom arbi',trary'

local oxlins to soni knowi- re.'erence pointv, fiuch.-amv & bench-mai*k, Ve Corte

transformiing into equatorial., irerti~jl td 'e, he TIolloving cohXvention.-

will eliminate s1-i and- scqtuer~e- 'eirorsi.

'N 0 -00 NC

where

R vector expre, sed Jn ncw (N') -ss tem

vector eki-c-sstd. It. k'lz! (0) dyser,

p o-,A o. old syster,

F NO origirn o' new sytei

In smar-aUthe old qud- stibtract taic new.

(A



a'Czeis -DEeupnnaslant rang: by observing th e

qf,,aC4'ignaL. ' m -m

:such A; teasuremiint 4b deteri~yjin6d, by the waveegth o the signal-whlte

rriztz i ii:Ze the pre:is ion of the phase measuring device.

The ta: obtput -by most WME systems6 corresponds to two.or more digital

er igViotd. The -scling ofthdsevotds 's chosen {i~e., choice of

'frje iei) so 0tha tLhe bitj we i~gItings 'formi & continuous but overlapping

binary'Vb~~~. Th#oerpi choeen, to provide, rednrdantinoatofr

use in j4qov#ng itqctnj i&o-nie The baS,4C a s s tion is

th d~t bbtfbi -of tr clnn b±4 - ni{e Vill not',exceed the

Itddttdlrteb i~h frag ~outh a: tw-#channel (4 e.,

'to. 'fteTiy aytq £s iutraedi Figr I". P rune. re _b6uti-3n

a11rlghtmillbe, showp , r -ran gemen't- -fo -nlciybut the
* ,geretalzhionto rn~f-bahel.-py-te-or oxw with ,differen legt

L~ih .,ength

It -j L, ~ = "G~i, NE 7LCIUIJ7 ~ ~ ~ ~ 4 C' ,.Ffrr ... 232 a e

B-. woCbnn Rng Rsouto

jp7i



R ..ie fesolut~on AJAorithn

1. Subtract the overlap bits adding a one as shown to force a positive

d iff erence.

1 F8" F7 F CV B EVUZLAP

- 0 C ( C COARSE 'JERLAP

tj -i l IFFE?2JCE

2. -dd thp difference to the coarse to form the corrected coarse word

discardinp the carry bit, K. Note that the bit X3i repeated to the left.

C8 17 C6 C5 C4 C3 C2 C COARSSE

+ X3 x3 X3 X3 X3 7 x 2 X1 D FF OR LCE

K 01 1 1 1 ; 1' 1' 1. COJRRECTED CARSE
8 7 6 24 3 2 "l

3. Combine the corrected coarse with the least significant bits of the

fine word to obtain the resolved runge:

C C C C C 3 C2 C1 F5 F F3 F2 F1  UPSOLV RANGE

4. ior another channel, say a VkMY -COARSE, the corrected COARSE now

plays the part of the FIVE and" the V5RY COARSE the role of the COARSE

in steps one through three.

10001000o ,GARSE

I 1 1 0 FINE OVMLAP

1 10 IiFIENCE



Cubic 00PCRAT1Ct!

'1.00 C) 0

cLLLL 3:o I oE CWORSIE

1 - 0 0001 10 0 01 01 ~ .~ERANGE

1- 0 000 C A:V~L 1

100 C3

([ote X,

10 0 01 6001 0 0101 F-'Ci ED R R:; r



A! 1EIDIX 0

( DATA EDITIG-

In DIMTE anc AM;- Di.Iitai F-.)cessing Unilts, ov.erlappingt :'requency or

baselirif_ channelp v,-, n su:;zessivel'y hi,:her is.1) ton are processed into

a single word. wben ti.Gse overlapping words are com~binec1, high n~oise

levEls, intmchkannel bias, or sporlou6 -bits will oecasionallty give a

disagrerer~nt ii. the chai.nel overlap. Incorrect o'verlap can cause an

amtlj.ity i,,, tkje 'tcsolvedj wor,, with a value depen-nt Lpon the bit weight-

Ings of th-- o-verlap. xibiguities may oiru ,ijenu sly oc~cur in mpore, than

one overlap position to jive sne ooizbiAnatior~ ci iitaprrl nunmb-~r of least

£.ditinv data, is '.he orncess oi' recognizing anO~, A.' possible_,, remnoving

ar biquities or* sptrious '~.pe.The fnree types ofevernts wL, ch o~cur

(In the date and ar e ctise :or deiion during s~iil are:,

2. ~ils

3.Lad 1-ata

An LI gu itiee' Cat genei'ially be rernoved rom catv i- u2iin nn-umbi, ous

(za Is avaiiatle. N case ImpUeS -randomness zi ma .be rerrncved to solrpe

extent h:.' sroe-'tnin . t,, z d &te. are mraeningless data whc t~rr. e

recovered by -'emc,.Q arbigu ities. A limited ninwiber or bed dtzta points

may LE r .oVec; by reprlthemerit Um~ed or., a predliv~ir. wtl. dynmrics est~alished

The -.r cess c,. -editi-) A& "a must begin with sozie criteria fo.-4 Anding

U ooyl inorration" on whic:h t-o sta.rt a test'nc'- -.r'-cedure,. ine sur'h criti-.1 a

is to txa-i !ne Lpeas 7 * data ar, Pn vekage secnd --i:"erenc~ -which-1 Within



.tile linlits oC the Aypaice or the vehicle. Thils rniniulzes the p-ssibility

that the sre,. contulix ambip 6us o ,hdsam.ples. As,4-ord ;riterion Is to

begin witj an etlzn~ted datfa pcint and first '3i:Terencc. Ot.her criteria

pnay be II Ictated by thle particular systemn being employed.

Once the ,cr1teri4 lor "good information" are satisfind the baiC #sditing

-peocedure bigins. In order to reduce the e.' ects of the target's dynamics,

t the editing is dlone, on -the first diIITerences. Thus orly acbeleration and

higher brder rates af.ect- the data..

-- The Vundamentul decision Vziether a -saiaple may -be edited or not. is, made

by. comparing' the measured, first diffrence. against a OredActed first

L difL-erence. The predicted Lfirst dif~erence is* computed 'rom a span o-'

preVioils'ly eriited date usinij a 1-imiu* extra, olajiiL

The discrepay between the measured' "nd computed firstu di_,eren.es is.

.Sinci -all esrmit are subject to' refiid-in errors (h), ambiguities

(nAL)ad, ~ a A, te

(41j I + bi1 , T true

+ A

E £(GU +) +(U

,+

an al i ae random viao.



it is -.- ar that !I. the randOc, nolse is knwn t,-be s,e- -Impred to AL,

a noise tolerance gate may be used- to deterwine' the acceptabfLity of! the
- I

data sample. That is, whether L~ + W, < KcS. K"CISi is cho.,en from

some knowledge of the noise content o' the data (e.g,, the 3d or 4a value

oi random noise). Afiy sample not meeting this requirement would be -assumed

to be bad.

The details of finding + nALI depend upon the characteristics of'

the computer used. In any case, n• L ,I {eai-es t integer.

Ohce the basic dectsion is made as to the editability of the sample,

.a good sample is adjusLed by,±PAL and a bad saple is either replaced by

6 predicted value. or i 1 too many- successive samples have been m'ound to be

bad, a new search for "good in.orzratiofil As initiated.

A Clow diagram for ar, editing procedure, filure 'C-4, j lustrates the

general approach and sequence c testing. A starting, criterita is used

whIch tests Cor cc~.tiiuity on the se.,oid di ".'erencco. S&ybols used, in the

'low diagrar. are dcfined below.

NOTATION DEFIN'-1TI Ci-

(UL1, U2 , . U., U -) -- --- - - -ta-Sp, ,n "e

( u 2 , AU A;,P =

(U - , U -- Ub) .. irst di'.'erences
2 ~'3 2' ' .

N------------ -------- - - - Nu,-ber n." s ,mples in! data span

M --------- ---- ----- Number e.' samples in starting span

(i U ---- - 'Resiual

- - . - - Least -sifiA:icant ambiguity

---- ,)-E: ---------- - - - ,urber o" arbi;7uities added

ALIN iuB (or re.oved) ",.ai dat a

' - - - ----- Noise gate

- - - - axi:u, aver second -ii:'erence
: rate "Lr Stat "ii..,

N C -:5



s hi, .ADO

TEST ICUTFUT M1CASUPE
110 DATA

(/ 2\
RT STIL +

EDITABLE -WT LtAD DAT A

Lk 'CI NBAD 14 BAD

"0bAD <bAD.: b AD FK.,D

COPPTTj yII- EV+N+J-lIE
-nAU

C641UTE -

(~U- + (zg

=1+

TI£ edited

-- -B 0AD -predicted

JiD S.4=

'?1ture 'r1o. D~tt-atIpd n Flow biarrn



1( blAD  --- Nur-ber ox' successive bad samples

K. - Maximu= allowable number o.C
succ-essive bad, smples

i2 - -A -- -' jv rage ,,:6ond d:".eience

ST hc predlct ?d A' s are determlned by extrapi !tlng the prrvio us A

edited "irst dif,*rences usln a least aquares pclyn6mr'il z't.

Because of' the f nite rierory available. in compbl-ers, lon-g tracks' must

be sectioned into blocks. In order to ,use the pre-ious history of the data,

the blocks are overlpped so that the starting prccedure begins- on

previously edited daja.

A sample o:' data editing is given Ia Figurp C-2. Jn set of data has a

span o" trbi:guous sw,,pies %4hich ;are comoletely remove6 while the other set

has a span o' bad sariples which are -replaced by predicted values until the

"'a'lurc cour Ler exe-s.s the, limit (ive in *h's case).

,,0

(G.:
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- APPENDIX

( LEAST SQ'.JARES, MOVING SPAN COEFrFICIENTS,

SMQOTHING, AIND -DERIVATLVE-,COMPUTATION

If it is assumLed that a set of,(data 1 an be apprpdmatcd by an arbitrary

degree polynomial, thin a set of le,%st squares weighting coefficients can be

precomputed and used to perform ,the curve fitting. The general form- of

the solution for position-torposition, position-to-velocity, etc. , least squares

smoothing is given by

Lrz 1 ,L n - '

U (j, I.L - 1 L 
.

where

U. - the input data
'i

- I, 2 ...... n --n number of equally spac'ed datapoints-in
zinput span (i is odd)

LWXt - leas;t squares weighting coe-ffic ients whi-ch yield U'(,#)

A' time interval bet\,cen data samplos

L - order of derivati. e (e. g., L I for position to velocity)

K- dtgree,of polynomial appro.znatlon

13 lead of otutput point or position of output point
-i - in input span with 2 l-point, -mid-point, first degreC.-<

Y-ero order c -efficients; therefore, $ 11,, n 21, i.w 0,
and l\ 1.

.U least squares fit at f point in input span.

-veightiag coefficients,4 are given by

."'Manual for Moving Polynomial Ac Smoothipig, " by J:, ,K. ;terrett,

Ballistic Research Laboratories, Nov. 1952.

D-1



(K, K ., n(i),pL , ((

ulere

.P (i) - thogonialn polynrnikals oi any kind (3)

S M the sum of the squares of the (4)"'v, n* v.n
i- 1 orthogonal polynomials

d)

Lw -

p

A: AAo.,,-thogonal, polyomials for 0-, 1o, 2, 3B and L 0,1 O,2, are:

p (6)
o, n

P5 n(i)-- (i~ n~- (+,2

2 (150)

p ~

*1, n)

'[ (16)

n L 0

, 0

2,nin



P2: (V(i - ) (17

3, ni) 0 2 6 ),

Some typical, previously computed least squares weighting coefficients

are tabulated in table ,

When equation, (1) is used to fit sequential data samples having a

variance & the variance of the nkean of output sample is given by

Z ; iW(K, L., n, B

U 

, -

NVL L, h

u (,'i) L ,l .du, . u

4--

is defined .,s the mean reduction factor, C. This factor is the root sum

square of n, smooth-ng coefficients, and serves as an inddx of noise reduction

of the output point due to polynomial smoothing. By using the mean reduction

factor one can intelligently select the appropriate data span, degree of fit,

and output point position -to obtain optimum refinement of noise reduction.

Tabulations of mean, reduction factoi for ,various input spans, three

different degrees, and three output-point positions are shQwn in, tablee P-2

and D-3 for, position-to 7position.and position-to-velocity, rempectively. In

* addition, figures D-I and D-2 plot the variations in mean 'reduction factor values

with variations in lead, point (8) for a 25-point spafi and third degree lit

for position-vo-position and position-to-velocity, respectively.. In the' case

-f position-to-position sa,,uthimg, optimum output point position for first

and thi rd degrce pplynointal least, squares fit -is the mid-point indicated

by absulute ininiun3 v,d',e of C. For second degree smoothing, either

-



theom -muarcror thifoe-quart ,r lead point position is, ideal due to the

'itrsymmetr-y. Further rc-presentations of thi's'type of an~alytic filter

response cu.rvcs to a~nt-mltd i aefrthe 25-,, 51,-,an O-

-point span for the three degp~es.

:-e,
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i

L Cli BId C CQRPOFqirIONTAflL-

-POSITION-TO -POSITION

"MEAN REDUGTION FACTORS"

SPA bUER LEAD FIRST SECMND THIRD1 L ' DFGREE DEGREE DEGREE

1 0 6 .3051 .455,48 .45548

11 0 9 4156Nq .41700 • 53545

11 0 ii1 : .5640:7 .76185 4.R8894

21 0 11 .21822 .32795 .32795

21 0 16 .28300 ,,29351 .39109

21 01 21 .42130 .59691 .73759

31 '0 16 .17961 .26965 .26965

31 0 24 .24096 .2429 .31901
i[ 31 0 31.. . -.3,9' ."5054, .35

41 0 21 -.15617 .243 7 .2.3437'
41 0 31 .20447 .2WL050 .27077

41 0 41 .30672' •_44655- .57165

51 0 1 o47599 •4413 .52133

51 0 26 .14004 .21012 .21012

51 0 44 .22120 .23441 .24.62

51 0 51 .27600 .40413 .52133

75 0 38 .11546 .17323 .17323

75 0 57 .15362 .1564 , .20530

75 0 75 .22865 .33737 .43972

101 0 51 .09950 .14926 .14926
101 0 .76 .13107 .13435 I .17729

1011 0 101 .19753 .29269 .3A361

151 0. 76 . .08136 .12207 .12207

1511 0 14 .10798 .11015 .14476

151 0 3,51 .16196 .24094 31760

D-6



CUBIC CORPORATI.N

TABLE D'-3

k 1~0S1IONl-TQ-VEt0CTJTY"-

"MEAN REDUCTION 'FACfORS" _

SPAN, ORDER LED IRST SEtOND THIRD
N L DEGREE DEGREE DEGREE

11 1 6 .09535 .09535 .2U572

11 1 9 .09535 .22594, .2546

11 1 i 09535 .35446 .89949

21 1 11 .03604 .03604 109082

21 1 .16 .03604 .07587 .07676

21 1 21 .03604 .13831 .32737
31 1 l' 16 .02008 .02008 .05039

31 1 24 #.02008 .04496 .04755-

31 1 31 .02008 .07805 .18770

41 1 21 p01320 .01320 ;03307

41 1 31 .01320 .02824 .,0288,3

41 1 41 .01320 .05165 .12531

51 1 1 .00951 ' .03738 .09120

51 1 26& .00951 -06951 .0Z381

'5 51 1 4 .00951 -" .0277i .04279

51 1 , .00951 .09120

75 1 38 .00533 .00533 .01334

75 1 57 .00533 ,.0i,75 .01225

75 1. 75 .00533- .02108 .05181

101 1 51 .'00341 .001, .00854

101 1 76 .00341, .00738 ,;00759

101 1 101 .00341 .01353 .03339

151 1 76 .00187 .00187 ".00467

151 i 1 .00187 .00409 .00425

151 ,15 .00187 .00742 .01840

D-4
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CUB C GORPORAtION
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CUBIC COR.PORATION
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All il.D!X F

( F'1ii -PMEF, Z:CL!S:c L;CCOP.DINATE SYSTES

Lquatorial Coordinate Syste" (X, YTIP zj

The equatorial coordinate systperi i3 a right-handed Car,,eian system

with qrigin at the earthls center o.' ::a-s. The posL'e axis

oriented along the earth's rota'.ional axis toward the north pole. The

X. axis lies in. the equat,,rtal plane arnd passes through the prime meridian

and the earth's denter c? :nass. The positive Y. axis lies in the

equatorial plant a:.d Is 9',uerclc-kwis, 'ro- X,. (36 figure I-i.)

Geodetic Coordinate Systei-. % . h
Geode tic c'ordh&a~s ar- ,expressed ' ,rs 3," spheroidal angles and-,

the height. above Uhe spheroid. >,ngitude (%; is the angle in the equatorial

Dlair% cetween the X axis and the :prr,,ection o.' the radius vector.

Longitude is zreasui-ec positive In a counterclockwise direction from the

posi-live Xl. axis. ifeodetic latiude is the anp-le subtended with the

equatorial plane by the normal to the spheroid whicl, passes through the

point. The 'height i the distance'-o the p-int above (or beloV) the

spheroid measured al -zj the local norr.al. (See figures .1 a, 164.)

Conversion between jeodetic ad ,guetorlal oodinates

Conversions between the ,eodetic and equatoi'ial. coordinatesystems

depend up)on the sprieroid constants used to represent the earh. As a

matter o.' cornnon de,'initio,', the earth is assimed to be an elipsoid of

revolution about the prar ,axis. This Vigure ray be defined by) speci,,.ying

the sei-:ajor aid se-.i-inror axes, a and b respectively. The general

equation -'or an e4lisid t';:
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'(Xyz)

Prime

Figre Fo-1
I ~(XYZ)

EcuAtori-a] Cb~rdiniateSvste:,.

I~ur
GedtcCodiueSIL



(2)

(3)

wherfe e = ,P~tI',~

I't is c 'tc.r~ uecessary f.c, ccnvei't. e (ZYZ, equatorill co~rdinFntes 0.'

Li point AIrto -ecde,:!-' Ia±tuce,, Io:-_,v4tu,,h, and heIghl-. The- following

equations rive the conrvers!'r between Pec4etic an~d equct6rial coordinateo. 1

It i7 'aq be show um hat

z 2 (4~)

- S sinA2

04( -~ + h] sir, (7)

fitter,ir t ic-n o L' peod1I~c- lr :iolifude rcor- the eq tre coordinates

i., givei, by

with the appropriute quiddra,ts elected --~Qthe signs c7Xi and YU-

Schreiter, -.J. O~j .e 'Ned t!L 6Lce ti.angyA Gor-' patt, In Ioer
GeodgLIc tF0 o,,r~~. i~ ti~U. vr 4~ic 'undatiofi



Comiputation: -o * geodetic latifide is no~t possible in closed for.

AnIterative solvticn 'or hititude Is acco.-uplish ed as r61lows: 2

h

()estimate h and -1 f"rom:

- F

sin (10)

2'

(32) c-iclate tr-:

(I L k)Z1 k (h Binz

k b,~ f- ~

(4)~~~ - ~ i u 
te h:

F4-- + + k(+5)

ht N
cases uz fvn r. helghtb up to 1000 r. ilAes iiidi--ate a corverrence of,

tan o to 10~ in two I terultiofl!.

-2 SheteyTi
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APEDDIX IF

CARTESIANJ POSITION, VELOCITY. ACFATION FROM R ANGE

AND A{ANGL RATE O}LSMVATIONS

Three Range to Fcsition (XYZ _

Let (XIZ)I, (XYZ) 2 , ond (XYZ)3 be the location o' three distance

measuring equipment (i.e., DME),-sites relative to soine local coordinate

system. Lct (xY) be the unknomi cartesian €oorcinates of the vehicle

rel.tive to this same coordinate systemand R1 ! p2, R3, are measured iant

ranges to the vehicle.

The basic equiaticns relating thcmeasured -quantities to the vehicle

position are:

-. ( x 24 (y - > • (z - z2 (:
2 ~22

-RF3= (x -x 2  (y - Y)+ (z- z3i.
- 2 .2 . 1 (z 2

=(x +3 (Y +~ z (A

The solution oi this set of equations 'may be obtained by eliminating unknowns

.by succeskvoi substitutions; however,- the resulting- solution is rather

ddmplex and has seln smbiguities due to the quadratlc nature of the

enuat'1ons. A simpler solhtion is possible I:' a, temporary coordinate system

is used. This temporary systen has its origin at one o:' the three trackers--

say site one sQ that X I 1' = 1YI = ZI' 0 0. AXes o:' this :syste. are oriented

so tht the X' - 7 p:Ine contains the other 1wo trackers ( Z2  = Z

The or~entation of' th, X' and Y"' axes is, arbitrary since the results, will be

trairs-ormed Uick to the original system. The trans 'ormation from the

k

F-I



unprimed' to the primed: systerm will be

g,TO (F l (a,

whereti

and :r is the rotation matrix.

The T rotation matrix may be found erom thE compositionr o., rotations

about' the x and y axes and rgqurig that Z , c e

T L T 3 0 cos sin' C, I 0

n - Cos sin , 0 cos, '

c F oo 13 0 .ih i3
T. -sin sin 3 COsin ccos 3 (i)

sin , co o :1 - s in ( co o C< ce s 'l_

Now,

Z2 ' " X2 sin coo vx Y sit,-C(-+ z2 Cos Cos 3 = 0(5

" Z,': X12 s-in,3 cos YX.- Y3sin 1 .+ T3 os C( coo ')

-and upon dividing equations -(5) and (6)-by '(--cos.,X cog'},

Xn tan ,, + Y ,,In Z 0 (7%

X'.,., tan , . co 3 "0 ( )

Cos C

I.
L<V sin (i-Zco~c
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Solving .'or tar 3and tan gives(

tan .3 = [y 3 CO3 y3. (9~)

afth tan and' tan L( knowm, the T rotation matrIx can be computed.

ken the piimed coordinate system is used, the basic range equations'

become:

2 2 12 +z,2

S(x' - + (YI -Y') + z'2  (12)

22 2

" =(x' - -3 )  y 3) + ,2  (13)

3 *3 +y

'ubtracVtg .;uatton (11) froz "quations (12) and (V',) yi,4"a

(- R1 ' 2 = X,'x' Y2'y'-
2 2 1 2  2 2 '

1 2 2 2 ()

where: risX 4
2 + YI

s iving the linear system in x' and y' by Crarmer's ule,

2a , r 42 2)  y2'
S2 '

(c 12 12p + r 2) ,15
1 3 r3) "3

S v: (1 2  r2  2

•1 -2 , 
2  2

3- +3 r 3)



! ; ~cuuc- coRPo0 Ar ioll
XI

2 12 (17)

Expanding aid grouping the constant terr.s ,ves'

2 2

X, + E + E.2.2 + K (18)
= K., +. h.2 (19).

5. 1 J 6' ' (73 '8S

K -1, (Y ') b M (x 2 2)2 )

(20)

- 2 V"I - ' 2  4 2,

E r (-to ,x2"
- (Y 2 - .2"

2623 A 2 '

VV
In most applicatio~ns the sign of z' is easily deterrined. For ixample,

with ground based trackers and an airborne, vehicle,, z' would -be positive.

The solution in the prined, coordinate systemn can be transCormed into

the urnpritded system~ as- :'Ollows:-

T T  (422)

T ~wheres,

i 3  ' 2 (3)

1-4
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!\ani_'e F. and Acceletation to (XYZ) and (XYZ)

Suppose that h i and, are determined 'rom each oi three knva

sites ard; Jt Is desired t0 compute the velocity and acceler-Lio in

cartesian coordintes. The basic relatibnships at each ,site are given by

1.2 - 2 2 (4!. : ,, + (y -Yd) + (z- (24)
1

S"(x - x (- Y i (z (25)

.2 ~'I-, 1(x- (y Y )y+ (z - ) x + + 2 (26)

whe'e: X Y Y., Z4 are xnown site locations "ismumed to be fixd'.

The quadratic set o: equations (24) may be solved for x, y, z as

described In the accompianying section. The set of equations resulting

.'rom (25) end (26) reduce to the linear forms:

v= iL] -4 (n] - (27)

and -

R = 'c]- {[R]-,Lr]} (28)

whe~re:

(29)

(x - X1)/AI  (Y - Y1)/n (z - z)/F

x] ( Ax-:(2 )/R2  (y = Y2) 2  (z - z2 )/ 2  (30)
- x/ ~(Y - J 3 z1 (1 - z)/r.

-(

7-5

L2



r (31),

Cr 2R - *2  2 2)

~22 2

equimen 2i,. '-2IE re 2

slant ranes to the vehicle and let h denot, the altitude of the vehicle.

The basic equations- re1efting the measured quantities-to the vehicle

position are:

1R (x-x 1)2 it+(y - 2Z

2 2 + - + t - 2
2 2Zk 2 2)

h, ( 1+h)+ (p+ h) 2 2(p +,,hi)(p h) cbs]

where; (!bi, 4 * .h

it is assumed that the altitude of the' vehicle (h) is sufficiently small

so that the local deflection of-the normal does not; introduce 'A-significant

error. Ssfur -)
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b 4

Fiur - . omtry for Two-Rang, and A1Atitud, SolutioR

S( The above system of equations may .be s-nplfifed by transforming to a

temporary cartesian coordinate system. This- system is denoted as the

primed system and is defined as followss (13) center at one of the tracking

sites (site 1); (2) z' axis along the radius vector from the center of

the earth; (3) 'he y' axis is normaI to the z" axis and oriented such

that X2 w 0; (4) the ,x' axis completes the right-handed cartesian

coord bate system.

The transformation to the primed system is given by:

r, = T-(. - Fi)

w,.here: 7' ,y' , -Y -i:

-os gi sr-X 0]
T _sin4 cos X 0

.A = 'tan- I  ( ,2)
2-
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CUBIC' CORPORATIIlt

'The ablove set of equations in the primed system, is:

2 2 ) 2

2 2 42

(p 2 ,- + (p + h)2
- 2(Pl -)(p hl + z)

Thipsmet of equatioks- is not, soluble In closed formr since the radius of

the-earth Ip at the latitude of the vehicle is not'known. An iterative

solution is v ed, where Initially it is assured that p - p., The-resulting

solutio.. MtV be expressed in. latitude, longituide, and height relative to some,

spheroid. U-sing this, latitude-, a new approxim~ation of p may be co.-.puted.

and compared with the previous value. The solution is iterated until

p('1)I< LINIT, whiere LIMIT is some-eeife convergence limi-t.

The solution of the above equations for-a given p proceeds as follows:

(1) The third' equa'tior. is solved f or z I;

(p h) . (p1 + h11  ;J2

2(p1 + hl)

(2) Subtraicting_ the f Irat two equaJiionsv

r 2  2 2Y 2 2Z'z 12
2 -111 -11 2 l 2"1 z1+'2

(3) SolvIng for yyI:

22 2 2

2

~)Solving_ the 'first equation for x1-

g~' x-+I 2 ,- ,2-_12 y z

F-8



GUBIC CORPORATION

(The solution in. the primed' system for a gCiven p, is complete except

for the sign of xt. This sign wmbiguity results from the quadratic natuie.

of the basic set of equations and-must be resolVed by a knowledge of on

The solution in-Me primed system (')may now be transformed back-into

the original coordinte' system-by!

rT

The latitUdd of tris vehi.clo nmust now be-determined from r by using the

-elationshiu, between the unprimad coordinate systen and the equatorial

system..

The relationship between the radius p and the latitude ()is

given 'by:

where a, b, e are the seini-major and . imi-itior axes and eccentricity of

- the reference spheroid.

-!.O F/UC 4/kkb



I YI R1QP'iGiWRC-(.0hkT~
CbbjplI~ -form.uaefrffacincretinmybCNrptd--;lk~ r

thepriary frae fornt Giehrr- r mirIa aractIon correction ra ecrp e uc~ r

formulaie the-, req~uire orly the Index of refraction at1 uhe surf&Cea, mazxim

rang3 adjustment al zerivuh anid zarc elevation :&nvle. 11-_ trocpospheric -

refraction corr-action s~ accurbt., tc about 10 par -ent of 'he. Cori-action.

The retarda Lion in rangre cue Lo prolagatdon in the lower atinosphwre is gi~van'>

approxima toly by '

- -3 ' 2. 6 meters_.-.. the tropospharic r efraction at.zeilith

K_~ 0.2 . a control _-onstant

_R slnt range in feet

incident elevation awrlae

G-A



Ang'ilar bending in the- "ertler-1 plafic is givd" .Ly

= V ( -e 4  2y~± 1) (t + I"t.. (2)

whe ve C('n trol constnnt

S 1/

n IW10G6t). .- the surOface injcex cf re fnc t ion

Ccorrai,-ieen mrne and elevatior, an: I-.s are glv~rn Ly

- ~-A~(4)

Figures- 1, andi 2' i~strate typical value~s of A,( nd,, -as a fiunctiot of

elevet~r ~rgle whenn sr ~ L aehicle is above 7 5 kim alitude,. For corpariscn,

-valuas fc-Aa and L'i,usig tho CFC, xpcnentia116eterence Atmosphere

ploted (circled points) in 2firproms G-1 -and -r.

- or Staqndails- Honorraph 4,# )ctobar 29, 1959.

G(
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VIALYTIC IONOSPHERIC CORRECTION

The oorrection -for the range retardation due to -ionospheric effects, is

n40.3 It tan 7

- ER (sn K Cos E) 0

1.10 x 10 12 maxt 'um electron -density of the F2 layer in (electrons/meter3)jf carrier frequency in Mc/Sec.

H height of vehicle in2meters

.H -height of N in meters
0 0

E =elevation- angle

K - an empirical constant

- 4 2 -2 control constant
U- "L

- - Hut 1 w o upper and. lower heights in meters, -of the half values of
the electron density,profile

T w, 1(50,000 meters):-

The, corrected ,range is given by!

z.The geera form of this correction may be deduced by assuming:

. the refractive, index 'for the, ionosphere is given by,

K - I

- * " "rocesuing and nalyeia of Azusa IC" II Data" Generfal Dynamics Astronaubics

Tachpical Report- No. AE 60-0017,, by A., Saast&d and F. C. -Forbes, 10 June 1960.

H-1

is _ _
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2. the altitude dependence of the electron density is given by:

UZCi) U0 * ..

0
1 + d2 (~2

0

3. the flat earth approximationani horizontally stratified ionospherp.

The form of N() model i. shown in figure H-i nd a, comparison with -aaeawd

profile is shown in figure H-2.

The razige error due to ionospheric ,effects may be written:

a a. - j' t,'(Ht)dr
fo

Substit uting for ::(! ).

L --40"3 - 0 d;.

r2 7 si. + d 2
0

Integration yields:

SP, 2 a ta n
W " 2 sin E;

This expression is the same form as the fina! +range correction formula.

The,'additional term -in the denominator and the exponential term are, added

to agree more closely to experimental results 'at low altitudes and low

elevaion angles.

i464-
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The parameters of he model generally vary as a function of the local time,

sunspot 'activity, latitude, and various other factors. in order to fit the,

a0sumed model for N(ff) to existing conditions, two parameters are adjusted

using the measurei range corrections from dual, frequency range measurements.

[ The two pari±meters adjusted are N0 and K plus a calibration constant.

I I The thThe normal equation associated with thei t  observ ion is

(lx-) (1x3)(3xl)
uLi] LUJ]

where: = UL + £

- =rR Q LR

Ca'

The partial derivatives or arc:

- 1[°  't... = rag z ::z1 fomwdl

- range cretorodulfrequency range m'easurenents.

K calibration -constaht f or iv.
CFA

H-5

C, - .



'The leatst squares solution fuor ,D. with n obbernrations is given by:

-'hC- adjLthlzen.S tO K ?' , are added and the process Iterated until.

the Wjis:1 ~tmil,s luecomne, small.

D~i/kk
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APPNDIX I

-DUAL M EjUEVCY _1ONOSPHEIR1C CORR~ECTION

The, Geodetic ,SECOR system has a bWilt-in method for-determinPmg-the phase

freduency and- the effective- electron. collisioh frequency.

2. Tne modulation -frequencies are sufficiently close to the carrier

frequency so that the-differential phase shifts may be ignored.

A. imil'r deriv'ation may be performed without using these assumptions, but

the mathematical-,complexity is m.uch greater and t.ie resulIts are not

signif icantly ,changed' for frecquencies used, ty the system.

T he Geodetic SLCOR ground' stations, tranemit a single', -carrier -frequeey

to 'the- tatellite transponder. -The transponder generates two. return signals,

which are Initially phase coherent with the signal received at the satellite.

T crre fr qnies -used in tlfe- Geodetic SECOR system are:

Sfi - f 420.0 mec/See

- f +'f ih 49.0 c/so -K - -< = 224. 5- ic/se-c

1.Thei correspon-d ing "frequencets -,expicaseed. In radien/sec are xrelat~d. to -the

I - - - bove 4,:

fo -27r x 6
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j bnder assuwptiolns (1) and .(2)_, the effective, index of refraction for, the

ionosphere my be, :.Titten:

- .2 ' in

e - electron charge = 4.8 x 10 .esU

in = electron mass - 9.1 x 10-2 8 gm

1;(r) = electron density (electrons/cc)

"he total phase7.shifts referenced to : along each one-way path may.,'be

written as:

r-~ - 10S n() dr
c - (1')

r
ZA-2 C 0

3 -c

'hen Uhe total two-way phase shifs are given by:

r

'12 ,L-:l + . ->.- .S °) t.(~,) n(- ,J dr - ,

1-3 3 0 1

Substitut'ng the functional T'orm of nt

rd

'r -CdSo 2 + 2~ (6)

12; c 
.+

r r r
13 c C1 "r5 2  22- ~

1-2

f ,C
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in equations (S)"the first term. is the phase shift which, would be observed

in the absence of the ionosphere. Then the phase shi'fts, along each path

due to ionospheric effects are ,given bY:

rr

; : INow let:

i (r) dr = integratedelectror dleniity

-gThen:

Now the- relative phase shift, (13 - scaled to a one-way range

difference (-K) is determizied:,

2a) ~ ~ 1. 12

22

41
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H aving determined Ij the range error due to Ionospheric -efttects As given by:

; 4 L)

For'the Geodetic $ECOR systeit:

A O .534 '3

1 1. 067

KV -.'VFIC
.so that (t 21 '0.715 K zind the corrected , ap~ge, Is;.

~~c 12.k
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A- APNIMIDXJ

TTISFA1IT Tfl4 tCRRECTIO:

The purpo6e of- the transit timie correction 'is to associate with~a

set of'simultaneous range data a manaingful time. That, is,, a time. vhich

represents the "measured1 time.,!

w,"2

t 1<

/ I R1 1R

t2

At time t (fi,~ure I- j the read pulse Is sent fron the-satellite,

transponder.. Due to, -the finite velocity-ot pro'p~~nC h ~sain

will record the ratnge at times ti and t 2 .respectively,. Assurdne P is

constaint over 'the 'two -paths;-

-tat + 6~(.

!I,. is clear that tvhe timoi- and/q he --anges; -zfstbe adjusted if the time

reference lv to correspond '1to the -vehicle pooition.
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une approach would be to use the measured ranges and adjust, the times,

In the simplified figure abve, At - - RI/C a d 4t 2e T R2/C The resulting

times t . t and t + At2 ,ould be equal and correspond to, to . The-,

resulting time scale, however., would be.noz-linear and vary with geome ry

(i.e., with changes in the ra-nges).

A second approach is to adjust the ,measured ranges to correspond to

one of the recorded times. Suppose the time at station 1 is to b6 used as

the reference. The measured ranges, however i coreespond to time t0 . Using

the Taylor's expansion abou to;

R,-ti-"  Fi(to + I~(t)t -"O + l(to)(t I  to) +.. )

bsing the relation between t, qand L ,above;

(i ~~P lt -F(to  N o) F (t *€ t)C -C

Fof the second, range;

* 2
R2(tI) 2 + P.2( )(t 1 -t0 ) + (to)(t 1 - .("'( ' +t (2 (t O) Ct

i The range adjustments are:

. 2..

IC 2 0 -2 . . . C

"2 C 2

In gzer602l.

-C ,

( 20

VoJ
K.



UThe acceleration~ -ermwill aiwys 'be less than "O.002'meters -(in Magnitu'd.) a

"Ax (7)

FR. ! 2., x 106 meters(8

~$X 50 u/szc2

C '3 x10 8 m/sec

:> Sop
(2) 0.002 meters

which, may be, neglected with respiq-t to AP~' Thus -the f inal range

- Adjustmefits are:

iXGW-kkb
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APPENDIX K

TRAJECT'O RY-FITTING tO POSITION-.AND/OR VEtQITY~ DATA

Injection vectore -(A., V.) are initial conditions at some time (t) of a

vehicle in'freeftali. When R0 6 V0O are known as a ''unction of positiori and

velocity and all accelerations affecting the vehicle's motion are sufficiently

well behaved as to be representable as, functions of position and V'el1oeity

also. then the position, velocity., and these accelerations can.be- predicted

a~s functions of time (t.) Trajectory fitting- consists Of establishing 'adjuast-

menti to Vsuch that the trajectory computed from'these injection-v'ectorso,0

will satisfy somne fitting criterion. A -least -squares fit would be satisfied

when the sum of the squares' of the difference between co puedadmsue

data, (i. e., residualsyat each point along the trajectorywas minimum.

To foirnvalate a least-!squiares trajectory -fitting procedure, aisgurrle that

the cartesian position and vrelocity vectors (R0 ,Vo) of the vehicle are knOwu at

points along -the trajectory-. A set of- condition equkations anthe be formed,

to give

2L x x A A + -Ai + LA 4 i M
dxO 0 8O 0i +z A 0  0.4 0  z 'o M

L6x+ 2- AY +'. .. YYu
ax 0 ay 0 U, C

o 0 o

ax 0
~A0 4

ax "1

v i'

Ax 0 + - AO, m z
dy0 0I

-------



Whu rv..~(xM1 -XC) utc. ire dlsc r~ancy ct~rs j, a nd' 'x. t c. are

j - ikhere

M r two-body partial derivative. of Vehiale-'s jIQ~ pvsitimn And 'veloci.&y withjespect to the
Inrjecti'on vectors,, R0 a-.d V0

H # dx dx a
Qu y az0  2

0 0

Qx ax ay
ax ay az

-O0 0 0. * d

-ax dy Oz-

L(4

IL 'A A ax ax ax
ax, ax z4

0 0 0 Ax ay az~
~0 0 0

azY a . .

o o 0 *0 0-

ax" -ax ax a

0

'A, 0 = adJusn-ments to- injection- vectors (5)

y0-
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K - Zc
,~ ~ ~1 c:-. Zi:-Z

= 1 discrepancy vectors of position, (6)
Vi -'I . x . and velocity

C Vy

., "

= residuals v.

. measured positicn and velocity vectors of the vehicle,

respectiVely, at time t

Rc' 'c = predicted position and velocity vectors of' the vehicleq
'respectively, at time :t.

FIT-TLNG TO POSITION _4ND VELOCITY VFTORS

Consider the least squares solution for the injection , vector adjustmenits

( -where unity weighting is assumed,-then the solution based' on (n) vehicle

positions and velocities has the form

C1x6) (6x6) (,6x1)
Z, (M, M) ] .' (Y'T 1 (7z)

A weighted least, squares solution will be given by

n
L (MT a&viV)J Z. M 4)(8

where
" T -1

J L (L' 00 b)4j

1-i o

* 'Refer to appendix 1. "Leait'Squares Adjustment. '

K-3
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. 2-
ai (k X2 a~xi cax

- yx Y y Uz

*0 I I * covariance matrix (Y
- , of'Vihicle position

and~ velocity vectors,

- I- . I2

2x2

l nve.rsvariance of 'jth: )bservatlonus9ed in computing
the T' 11 vectors -at time t

Mr t

-~-ma tri x of par tit1 der ivat-ives 617 -the observatiohs with
respect to the R V vect'-ors at time t.

As an example , when rn4gianosrtonUe ncomputin~g RVm# then~

_F I . _ a-" (10)
X 4'y ax Y z

and,

2

L.FITTING TO PW O N,-~o G4 .VELOCITY V OTORS

if -the tra-ectory is- to be adjusted- onl1y te measured -poitions5 or

[only velocity- -oinponents, then, for a poso loi Ntl the-M matrix of- *quations

(7) and (8) has- -the form

-(3x6)(42)

and- for -a' veloci-ty- ' Ct (

OXG)Q,

K-4:
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Constraining the adjustment of injection vectors to only the R

elements or V0 w1LI reduce, the M metrix to

.'or R position adlJu.v ent and
0'

(33)
4 (15)

for an adjustment -to cr,.y Vo

'ken the observational data or the adjustment is cohstrined,,, the

weighting Iatrix and the discrepancy vectors must correspondingly be

modi i'Ied.

t1ITING TO ObK1VATJONAL DAT

It is not essential that the cartesian coordinates ,of the vehicle be

used in a itting procedure. A: fitting directly to observational data can

be l'ormuleted by the condition equations of (1) in'the form

1 ,,S2  O '1
o o0- Uz

-0- 0

0S 2

- . ..AX.........

'O _, 0WE n O c Vn

0
0 I

2K_
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where rtS, -rbit r ~~t+if

'For -exale acodition equation for' a slant range observation which 1is

Lto- be; Usedil 'iidjustjing R and V'will be'

-~~'/~( - la +-A *-_l, +-~'~ - 4 -(R -
a~x l z, 0 '0- 1 10 ox a aZo M C

0 0 C

syi ten oquitlohsimilar to (17) can -be 'ormed with -.ea'ch r~ange or

othir inidependent observation taken to a vehicle. Weighting the solution-

or constrainIng 'the adjustment olowis thle sCheries shown above for vect6r

_,ftting.

1CG144-24 REguRDINg I TAk TT U

The-assumption of lne t implii~it in the ,condition equa-tions (1) "is

not, suf ficiently corre'ct -to -avoid us EignitpIerative .solutioni in the least-

squares fitting,.procedurei. This: conditfion usually -means th~at all 'measured'

xdata, usdi a 1fitting procedure'be stored or retained Oor the successive!

itergtions, of the ad-ustment. In roat pOroblems, the amo'ant of-data used

Anasolution is,'less-significant than the rel'ative independ'ence of 'the

observations Ci.e., the ezfeetive geometric variani'li-ty o"' apling).

The- above- methods a-of traj ectory, f itting have proven very~ accurate using

two-body prtial -derivrative-s (-for -near--earth tr&jecvories-) to formn the

corid ition eOquat ions -of (1). _Precision method6_ of7 tralectory-premdiction,

which take into account i1 ignificant etraieaclrtos r

_used to 6coqpite the discrepancy veetors (iethe, computed Rq VC) Two-

~boy artabarereresnttie -enough toetbihcnvergence of position

k-
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anid vclocity vectors to--Within a. hundred-h of it 'foot and a thouisandth -of .

et foot per, second--In- three iterations for rnost trajectory fitting -slxns df

up to 400 !seonls- of data This (locs not imply that the t-raje-ctory is

knu~Nzi to this", ".c-k;eA-cv, which ii4 of cour.se dete riiiined by thie -meh sudrL-d- data,

quality and aicuracy-

When tht, Ad;iu-,tr-ints of injection vectors are in-any way constrari-i-di

At hen! it is Jaccep~ted t hat any unsok ccl for adjustment'will-6be distribuited

in the stilution- in -such k way as to satisfy the imrposed least -squa-res crter-of.'KHowever, inl anv practical problei-i. not all1 Observational biases, Oarameter

offsets, etc. , can--be either anticipat-ed or modeled adequately -to allow. for

t hei r solution. A natukral const ra-ininug is the refone -inipicit ill any 4djtast-

ment. The p)robleml is to define the cqrnpromi-se btui-w\ .zrist raining- and,

aIdjusting. Ove*r-const raininrg wi I Lca use- a n unnaru ra-l dist ribution of

error. Over adju., trnientwill r-ucluce the strength of a ::;lutlon by adding

unknownti whiich will in turn inc-rcase the amnount of corre lition--bctw :vn

rlret in tie adcjtstrn n and resuilt in) a iisuluss svmpaitheltic ;adjus-tmcnt..

An ca luat ioti of resi~duals-~ o- ,e~r a la rge sa tripling 'space, comb~ined v.with

LC;i irefkul -nalysis of thv adjustmt'r ba sedl on, expe rience, is -the most -

7 practical way of ye rif-i ng an adjustment scheme.
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krObservat-;ons reer to quart-itkces measured directly 'by t'ome equipment.,

Paraznetiers are comiputed, irom observations. In exampie of indeperdent

observations would, *be three ranges imeasured to some vehicle when the ranging

V- ~ equipment-iare located at dii'fernt sites. The cartesian X'YZ coordinates of

the vehicl woul Leprners which- oniuld be com~puted Crom -the independent.

observations,

Any observation, will consist-of the tru6 value and some aggeat

04 o error terms. Efror terms will in~clude noise, cyclic-, and bius$. 'Errors
are grouped into categories ciustomar11ly based on their frequency. As a

L~ttir of definition, cyclic errors are perturbat~ons in the data with a

time occurrence period greater than 10'and less -than. 100 seconds, !o ise

willI be 6onsidered as spur ious data wi th prod less. tha, -10,seconds.

Biases are essentially constant or can be represented by some analyrtic .orm_

_composed- of constant terms. -A measured observation could be expressedKmithemat tcal ly by

U) b+ au yT' (U)

U cmeasu~red-observation

0

= resdual(nolse, and, cyclic errr

residual ro



ini Ia~r a- C1 c itcu' hte (I ppo n Tioiit ic o *L rva-t.fi n- is furn'I&d by

"U A
li rv

-L~ )prox-mn~Lfif tou

-ct qnokn id Izstmrnt to U. (dov' to dpp)ruxi lptt-ions-

LqiaU n~1 ) Uld (2 C-11 by er Ced oC r the cond it ion equation

11.r (l._SCl.'IxilCV Vector

Femicuo il' 3)ni a. nit be a n-ic tnabi v -ts s oltition Ile runs h?-h- r than- the

flrst itct 'e a r~e ca r r jd. Th voe ,atrin. ho\%(-vC r *.. h vInerii zvd vy

exan~i~~ifl-'TavI~jr'- st rivs rUld (I dlet-Ing rill Z-!cc nd ind hiyher power

te ri~s-. ~pan l*nt. .ii .m)n ta kinii part:als %%tth rc':pvct LO each -free

-~~~~I( '"T il 2i.

-i p c-ol at -(4)

- D nt.. de~,Iv ~es of the ofbse-r\ t jans -,v it h

re ~ct -to reach fr(ee( pa n eeV.(~It:el

( ~~ I I ... l!-ad . i r~- a ze a-.umei -to lia-te t-lhe for-r-w
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Ab -v bscrxationit bi-as adjustnionts-

A P ptame~ t-utr~t

*fitAol Atu~ r of convvqi c - a-o 4

A i Ab -T'AP p '

* where ~ u1=-~r~~ ~ bevtbswt

-Ii ervai with
p'1artials o.T _obar-vt

adbutI -a

AB - aial$trnb.tstobstrevitionasbwith

1 dutet r.2o ipamt &r mete'dute

2- F

6p~~~~~~~s- -a~stet -omrm t



- - a I.Iwrizedc owit,11 ofl(Cf t-quatAn sirmla t'wto( ') caw nbe fo rred, for each,

o~'x -; ion wh ich I(- nt ( u r rt a'~ soltition. W~he in t!pntn be -

I t(11 v\x-t lhan ~nnx -,I thc u l hloll. rhe:is110lig of conda-on1

- C'*- M-z .n 1 ti1it bi, sld%, (I to -sait-isN sum ~LWstatist ical or i~on% e-rgence c ritdriun.

A ;fl~12III O' t' rd IA e!T1I nid', i ;U,1O Ccnr1(hl o h vq 1tiA-n., evxist. thwn the corn -

l).;t t4:x IX~~.S E I'

-- M

L's s-

( -It Is assuzed iznitfally that the system- of equations (7) will

remiL, linear over the sampling space. The condl-tion e6quations - eo s

ap pr~oxitnatli-ons I n that second and- higher order -derivative terms are deleted

from 'the. expension In. equatior, (i.b-~er the 'irst order approxiznitions

ok' derivatives -are not su_':'icientiy- reprecsetatlve,, it -becomes necessary

to iterate the -solution to, equati.:n (7. 0~t., it tt' procedure, computed

atittst It rt- 1 I,,s-o a,, i t. L(1d( -t-, Ow .~ni Ii -,.Iv- t I rna.es of thfe pa ra iete rs

and the 46so.rvations.

I o obtal-n a s, lt-ion r'or the syoter o.' equations given by (7-), some

cri-terion mus4 bf eitdblithed. A g~ni-il leaet squares-solution can be

der-ived 'rmequatio -.,I an. 'the multivarlatte normal~ distribution ctio

fra, -se,. sta-tistfca~ly In~dependent observat4'c.s.- The multivariite

Pr~obabillty density fcor -statietlially indep endent, observations- is .given- ty
S2

-Pr 1 x(9
3 (wT



~ji - -.- [Jr -aset ofstatisticallyinckependent
Oti ~o~evations or, samplets

f. take products Trozn iI to S,

-- -'er' - \'riancL! 0 observiltions

-in th e adjustmnnt' of data. the problen~ is to -establish the mn(.;fLns or -para-

ntcLmrs of a cistr3 bution so that. the probability density func tion is maximized.

To !Ia1 ~%, the p~robability, the,eLxponuflt-1 of th(- clrn.sity funlc tion, in equatiow.,

(9) hniust be nlimirized. Rewriting the ~exponent to be n,inirnized -gives

G (0

or -In mat#A4 x t'or

T 1'
Gi I(V )

S -,x.S

uteere V 2 _-C 0

- 0 l& tratrik of-variance of'
bervitiang

-~ ~ _ -x -of--7(~7-

oVr reildual-s

- -:rectr m-atfix -Iransposc andInverst,, resrectively.



Fromn equation. (is) 1-t is seen that the solution -which maxinizei the,

density Iu iction (9') is the soluti:n which w~akes the weighteid- sum ore' I,
squares M' the residuals a znbirru:,, whercc the meighting- is -the- inverse

varlunce r"the- observatio:.s.

the : ),-_the two equations in two unknowns, V and, At namely

V +-

& 'lo -or is-given by

:;IEqaton 1)ish.a 2Unet 2; t.L~e welghted leas. -squares- -adjust - -

wher-e -

_T 7 A 16-1, 2 X

- - (1-7)

Ssee~ pages 112-hlU "I 1CS Latae £echnical iReport 14o. 39Q', liY- D. 'C. -Brown,
20-Avgust ])Th7. A



LIIt -can also be shown that when the minimization condition specified

by equation _(1i) Is sat-isfied, then the -accuracy of' the final %d-justmebnta-

to--the obsirvations and 'parameters will1 be given by the -mat-r'ix of covariance

given by

-For the- case where the pararnet4ers: being ad~usted-are the cartesi.an

coordinates ol' some vehicle., then N 1 has the r'~rrr

2-

N == ratrix of variance and covariance
th dJustment - r4 -re

The equare-roote of the diagonal elements of the inverse normal equations-

gilven by (1~are the projections of the error volume on the axis of the

resptective coordlnhate axis -being considered -and are custonmarily considered

the st'and ard -dev iat ions- 'o& the so-ution -components. The corariance matrix

(18) thereTore defifie. -the solu'i~n eistribution when. an overdeterdned

set d.',obie0rVatioms have been la.sed -in the solution Adjustment..

It should be emphasized that set-isfaction of equation (10) i. pari-
mount -be-fcre- the distritution given by (IS8) i' yalid.- In~ many solwtions,

conditions can exist A,.ich preclude Patisfadtory- 6onyegrgenice_ to A meaning-

-normal equations will -therefore have Ji ttle merit. If elements-in the

ad~justment are -highly corre~ated -(I.e.,_ -apear sir. qlenr'rd r~Athematically

inseparable) or if insu V i-cient analyitic variation exi 3ts -in the obst-fvatioru,

I L



wn st iic ~owtl mx may not be possible. The adjustmnn rrayeven satisfy

~th(- residod i; mlrzdt1'm c ritwriror i ove r some -Umite d s irmpling spitcc. The

end ctinditio'n is thait the mnininmurn criterion bec satisfied over the entire

saitp spok t ,khich i'wuld, in, turnsbe ade(1 uat e to -insurc validity of results.

LL -8
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APIMD!X M

NUMEIGAL I-NTEGIIATION OF,-TWJEt CTOR-Y &LtATIONS--

RECTIFICATION ADD PREDICTIONI

NUMVIICAL. INTECRATION .... In the most elem-iry two-body tra'Jectory

prediations, 1_t is possible to develop and use a closed analytic form of the

-prediction -equations. dhen precise trajectories are to be, computed, all

accelerations, including perturbation terms such as-aerodynamic drag and

lift, earth's atymetric gravity field, etc.,, must be integrated. Closed

forn analytic expressions vhich- -describe a body's motion inca complex

perturbation environment do not exist. The nature of perturbations

usually-dicta'-es that they ,be represented in a series form which, in' turn

will not have explicit integrals. Successive .numerical approximations or

f YJ numerical integrations therei'ore are conVentionally used to evaluate at

least -some-por tion of the dynamic _equation.-ised in precise trajectory.

computat ions.

There are no absolutely, preeerred ,net.hods of performing numerical

-integration. The method, used is usually speciJ"ied by the- characteristics*
-- of the unctions being evaluated and the associated available information

- hich may aid the solution. A popular numerical integration prdcedure

used in trajec'tory predi,-tion -computations is -that termed Ruse" -

%ut -GillLinear Lifferential Solver. This method nas b~en used and

finer. i it was dIvnioJ1itrdt,-t th.t riaqquiv(,.nt rvsults n )Uld, bc.i,,ii e.-id by a

I KMathenitti al, M-thods for D giutIl Conptur rs, A. %Lston. 1 Will,
- ,published by John %ii..y tnd Sons, Inc. Ne\ Yor. 1 9tO, pages I 10- _.O

M-I

-4

- ;-~, ~ § -- ~ i-.' - ,--'-
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Its invo[. edr pro edurc based on expantding thv -dyianic fuAtion in a-

LTyor's 'C ries atbout .-n initial j)oint. Suiccessively iticr!rlnenting and

Ie .s tabli ini initiadl, conitions of -the expansionl viedds the desi rc~d in-

t ml-t 1. UIh v- thy tlc dyflnn equath on'3 Are %%ritten ill th.' oe series:

2 -3

22

2

wher~te ab~-:~t~ sa tce iniftia .Positlon, veint.lyo o

the dyr.~~~~Ic cceleation, favhce ti ad ta accesier ati

cT e eaatdaeahitilpositon-- v- a o . t-oti t will belgie are
caried:~owad i th aeue~til ~'npta~io. I siultios wer

1 21+ t
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*RECTIFICATIONI AM -PREDICTION INTMiVAL.. The rectification

interval, is the time qvi uiijch a prediction is made- before Iitial

onditions are re-.established. Prediction interval is the total time,

over which a prediction As tr b6 carried.

t 0. Vt t -

0- nn.

F-igureM-

~1iI- ectification and 'Trediction Diterval~s

From -figure:M-1 'the rectification and prediction intervals a-re, -respectively

P1= (t.-t)(6

[IRI PI/n - (7)

where tn - the -nWumber of time segnrits used to form~ the -prediction
interval

h6,-equa- tn -iZrotiongien asquation: -(1) and (2) aboe: describe

to, ecty tkV Peditio eqitios fequfitl. Acui .ytoleranctes and

-th mank-n-chith qitosofminaitued-llritguzate the selection

~i1 ~M3
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- farectlflk:LtiOn iuttrval. For exarrple, when the Enckel 'method f

predct tion is usedi (i t nunnericat integration of pertur-bation 'terms

an dd. ani, tic t. !osecd for .n L oI'pIutatiofl of r(efe-rCIc trzajectory), ;he

It culewaLiOn aind higher order terms are small and the rectification inte-rval

can be)im rI( 1s(cdled ithli itt ic dIegradationl in accuracy.

'4
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A WIDIX N

ENOKF'S AND CC ELLIS IMITODS OF TFAJEC UFlY PREICIO140
Jt

- onsider-tie total accelerations ac~nc on a vehicle which Is not

under powered flight to be comnposedi otf a primary term. with a surnmation

of genzer4-ly lisser pei'turbation term; hence,

princial comonents o aclrt-io which are due(

--o the earth's syr'.etric MaDss

I: etc.

To preserve cnVnuLtphecomponents d'acceleration are taken to be

* projeo(.d,- -I long the XYZ axes of an inprtial coordinate system Which "is

-coincldofit ith '-hc- eqiatorial earth-fixed :oordinates at epoce{ie.

the X. ax.1s i-n -i"e. eqjuatorial plane, through t-he -eart+h s center of masi

~and the- Tienfwich meridian, Y axis! in the equatonrial plane and' 90(0

countezeclockwise from X.,. and Z Qaxis a- nw -.he polar )rotati daJ. axis-).

I ' the accelerations given. by equatlon (I' tan be predicted as a

iAnction of' tlfne-and position and the p'isiton and vel.oci'ty vectors of

-ifhr, vehicle are known at an inlitial tVe ,,i ete tae t an b

- Climputed, as a Pfrncti-on i~f time. it should be remembered' t at initial

coni de;-ations i .hdc the d:i are ihssuned known.

4 MI



gQ4L'S XFTHLP The method of' predicting a rei'erenc#-trijector

t~sed- on -two- body moti n and the -adding adjustments comput%# by n e~rically

intagrating pertorbation termis -is ref'erred to as Encke's,

A t.chique simith-t Lceu has been. developed4 and teited. The-

peculiarities of' the -techutque are desnribed in the l.ollowing. (S~i f ieAre N-1.4

T

0 0 0

Van are unte f nsth n hn w-oypston and velocity etrexeidInnria

0 0

coriatsa epc t-t (3->e ai~ f6oi qain 1 w

V, .0 09

-k were 9', gf tuo-body integration- constants-

t~'ppeni..x 0. Tvco-Body TriA -itrory ?rediction -



~ -CUBsIC COR?(AWATION

"he actuial position atid velocity vect~ors at t1 will now be

wher V ajustentsdue to erturbations.

.1e'ntiie V ae recifiedp6Ant alng thle trajectol', 'then

E7l t (75,

20

71 perturbative acceleratione at /

p0

13 mrttrbak-lve accelerations atR

=the rectA ficati-nr.iterval

L ~beceuse 1'-erreto.a,'!e,1er&*A-- rm ar.6 P. 'unction o' -posi,,tton and,

velocithte F V; are used~ to cv!?g,;*e zine. corr~spondlng1l

are used, lo compute 7. 711( avsu.-pti,-n- of' linrearly Ir, L j nd -that

Khigher drder tLerms 1In the series :A' (6 j -and (7, are ne~igible will caulse

error -build up., flow much error :ccux- Is rei16ted _td the- rectillication

Interval. hPesults, of -* simulation which demionstrate.* the influenc* -of

reetiificatvion, interval are ishr~ri on T igur, . !'- and N-4. It can .be seert



GUIB.Gl -CORPORATJON-

that 'olr a A of 20 secc which is larger that) that used-in the SECOPR orbitailj

1i10(l, HIPAtuVal t'xjx'ted (il\ e rge~~ ncv sould be les than onje otetee.

CO S EIVID.. Numerical lnt~gration of the 'ttal accelerations

and velocities Is identified, as Coyell's mo'thod of trajectory p etion.-

One variation of Cowels method which has been developed and tested'is

presented h-re. Startin~g with aji4 compt~sa te acceierations givin by

equa.tion ()and the Ititial Poi-ion and: velocity vectors, R T V u have,
0 0

To t 70 At 0 1 10 *7* 9
2 6

V., 7 + E(Zi + Po 2 (___0)

where 7 G1 G~

ThA rate of chanee 6fi (C. * .,G ')in.equations (9, and (10) is computed

in the same :'ash ion Las shni ineycieticn 81 abovO, . T the technique4

dldse eete estlrtes of V usdt-- Compute (0 + G i -p

are ob'--ined froz.. a t-.o-bociy p~e~to.At. 11c-R'Aion of the total

-numer~cintga~r ol u'ie-~e Y have been compuied as

described above, t V Oe~one inititil co:diicns -r tenext sequentlal-

predictior tnd so zn. Terivative terms At,,vG I' ha~e benrdeleted fromt

the above._pow er series.

CQ"13011SO QF ECK-'SI. COML'.S 01) IN-iODY '4ETTHOD OF TRAJECTORY

Wi "01 L. The advantage -of one predi~tian method over another

-is of interest, only in. that lI'mits orf applicability of each airP defined

D y Comparison. Is obvious -fromn the ab&ve fof~lat ton that Cowll't

W-4



'-ION--b~ is Ciet ,-p-r

rm.cpIinaio oflbj m'st .9_%v&,rA~prodmAti erro a greaterc eti-

lnk -rithq& w~liV of little use a nd nUrperi cal Yn, aii ototaI

acc~ch ttinsincludiggth.rUsts, ispefrb..-

T' B OD V 4M ETH 0D .lni'onw 4pplitips, ~i tt~ph' two -bodV

-p Ir ',ireproscntJfiv&- -than th6st: givenb-y

0, fy Eckees, _ieafi~dq, b'coth of -whicO rcqtir,I :nuna:cvIL-11 Ih6aio. f

bdficien&.,ar is nolt4keftQ1 K&Ar4 Mhurheric-al Irtekiatibhaccu vrately

tid~c resoWsi, -~~.poer will'

0- x c , e t h c too.l i fV rtuirbatio0,;A ni wcks $ tt6o* 6ls.

"Bed~caceuracy-, Counpuin imd ~

W- kii Aet 4f or*iiej

-o A N1hiAm tO -it -f -44

Ac~ia-in~suredataroMI t'o itinctly, diftrn t-c1~Jetre.w~-

ge-t oirnpte trajectoris for the Icoti-pa-risoin,Anly vei 1,a

traijcttorj wit-h-apoe of aproxiniifty 4 00, mile cs (baned .1rom Thor

1aunchihgs at Johniston Islatid- nuclcai test-s of 1.962) land- 11 rl y ~circular

iobi it 0Iv 6 460 -miles (USA '2 G6 1etic StCOp

-satellite-f- 964)zWere usud- in the *irntilation. Figu-re ;-~a 'plot of

-the rag an rd e(Iec. at-ipn UI.pgi-ts viLriss time- fo-r the -pktw o hiclcs.

T,- lh'4;atellue fri l~ey ollows lites of~ ecqua-L grzfviily *10le

S Iiq Tl-'or t, r i-je.cto ry cxpe riences a d rarnat ic va-riation-mn gmdtvity.
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A tmos pileI.ic' dra g Is -e so mlninized Por -thi, Sattllite and cpnversely

will become -i predoml aLit deceleration. for the Thor during reentry.

Figures N-.3 through-6 illust-rate the build up of error due entirelly,

to analytic approximration~s using the 'r-cke and Cowe11 methods bf -pre-

diction. The qo-,ouhit of, erfor is cqntryplied by the rectification interval,

or the inte7rvnl Over--wich the orec~e"Inn i.s carried withoutr-etb

rIlhing tni-tial cbi~itions. -T,- a.'oid ziase~ng the prediction errors

with other sourzes- ol' error such is 'tracking equipment, gravity. model,

at, sphieric drag, etc., the medsured wat ~ sed In a least square

F £itting-procidure to estaljs W:eto etr.Ats rjcoy

-wax then -computed using a, retif'Icat-lao interval o n!e second. The--

(predicted- afd- measured, traje~tories h~ad agieement of' abot; +20 feet in-

each-,position comnponent. over 'the SOO aeconnd 6.pan used In the saimulatlo'n.

After tne "standard' had- been computed, a set o4, predictions were

made varying only .the rectj'icat.on Interva~l. The separitiOn of 'the

predicted tvajectory fromi tbe, "stardard" was a-,tiibuted to Aqalytic-.

*pproxiaatridn -whi ch- are i:4.,erent in the' hurn eiical Iiterration s__'emee.

htectificationn Intefivals were- redu-Zed, to 31i, -seconds -and n 7 ser.arat,on

f row the "standard" wda ancountered. It was rhenessasry-to d4,velopna very

aiccufate solution of Kepler'-s eqiation of mean mation before the _errnrs

could be reducedi to the values shown 'for -En6ke-Is method and the- two-body

prod ictio)nq.

A-reviewd af FigurecsN -3 th rough- -N8 _den'i6nst rates that Enckcs-metho~d

produced -aigrJA'icantly bitter accuracies than the owi'; Computing

time -for -the -two procedures it, about eqq-]:1 due to the use or t~io-body in

both~ -chenfes. Computing time -per reet-ficat-ion could be reduced, In the,

-N.



CUBIC X0llrGL.ATJU1

Cowel's method; however, this .-ethod would- require many more rectifications

tn achiev4 equPvtleint results. Comparison of Encke's. and Cowell's results

with the ;.-body pedictions ir, dcates that large rectificstion intervals

can reduce accuracy rore than the total efi'ect of perturbations., For

example, If a l0-second :e-ti ficatrion interval is used', the arithmetic

error after 800 seconds will be 58' and 7400' for Encke'.s and Cowll's -,

respectively, and 9600' of total peturbatlon offset for the USA-2 satellite

orbit. d1h the Thor trnjc'tory ufter only 500 seconds of prediction with

-a l00-second rectification inverva!, Sncke's and CGwe1l's had errors of

38' and 9000'., respectively, e.nd 4700' ols perturbation aOf'set.

The, problem; of analytic approximation error quickly becomes the

doninant consideration An predictions. When nrbits are to be computed over

several day -periods, carf must be exer,-'sed If reaulLs-ere to bear any

reaemblanq to actual conditions.

Tiwmercales on a-ll figures are in seconds with respect 'to an arbitrary

-epoch ti wie, ich is taken for convenlence at some time in Creefall. The

"effNct of perturbations" shown on Figures N-7-,and N-8 is simnply, the offset,

difference between the tw6-body tnajectory and the precise tr jeotory com-

puted .by Encke's method carrying all signiIfIcant perturbations.' Perturbations

included the first nine zonal harmonics of the earth's gravity and

atmospheric, drag and lift. The e:',eet -f drag and, lift was undetectable

over-800 seconds of the USA-,2 satelflte orbit.

N-8

rCF, kkb
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rCUDIC CORPORA'TION,

r Wr -LIOD TRAALCTQIRY PUJDICTION. iAaRIAL DL-IVArWLSO SOLUJJOU OF

KEUZS kWUNMN(N MID) TTIAL, KG tUTRALIO

~ .. .ifthe position and. velocity vectors

are known--at cthe time for a body in 1're-e~all, -a "closed express-ion" can

be developed to predict the two-body no-ti-or of the-body versus time.-

When all quantities ar-e -expressed in- canonical un~its-and.. the position

and velocity- vectors ate expresed -in inertial coordinates (iLe., Iwth

origin at -the dynamic center, which is -the center -f -.MOB o-f the -eartb *

for near -earth trajeotories- and- orbits), pred"Icted positions 4ind-velocities

Qor'- some -time-, t, foliowii! epoch (:tlme t)are -gIven by

_F_ CR :g V0

- -0 0

where

E- T-, VO z the posi-tion arnd velceity vecto rs at injection.-
-0 0 respectively

=a(cos A P 3

e &3/2 (sin LJK/( 4N-

' tPostinVo~ocit !,I--'a- Zphenlerides.- £eferred to -the- Dyna~a -eter,'.
-Astriddynamical -Repo.rt No. 7, 'by _Saiu-l Oerriok.,Dept. of Astronomy,

- -niversity of Californla of Los Angeles and .Aeronutro~dcs, July, 1960.
- -liptic mnotion assumned inr thi se t o.' equatlons-



IICUIJBI CORIItITICIN. . :

• %, V

-=( v ) ()

SV)/a e -inL
j3 , mi)Le2 (9)-

11

t tan ( IS o w1ith quadrant test (12)

E eccentric anomaly at time t

e - (b o2+ . - eccentrictzy of ellipse (13)

(- i/a3/2 "n x mean motion- (14) j
HxOT 0

=ILTo- -= 1njectior vectors. 15)

_-_= , - (16):

0

eccetric ar,6maly at time t-

. a.(1 - l - (1--7)
4

1! C .Cosus)

e (in i 119)

-)lice T-and " V are ci tputed by -equatins (1) -and (2) they cap be tren-

Cored into any desired coordina te syste. The above equations are valid-

it, an incr'.ie -re,-erene -'rame. " _,u -
I

: j



APOGMP~UE

r, No IcC ICF2Tki

FIgure -

_" Time at'- -epocki or 'In-ection ' e~isor axis of eiiipst

*Position vector at irjeation -e Eccentricity of' sllipse

v Viloditj vector at inject-ion -&('I e) a perigee, distance-

* cti~aznoma l atnjectio- x, Y C oord inate- -axes- -retferred
to orbital- plane "and-

ILo 'rae, 4hol ~tInjectios- -erigee

~f9:
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CUBIC CCURf~TION

( SOLUTON OF PLOVS mUATICN FOR.A1 . . . . When (t - to ) i v:given,

an 'extremely -e-:*l'icient iteration (less than six iterations fotraccuiracies

of O0.1 I radlun) can be set up to solve the transcendental functi6n

oalled Kepler's equation of two-body motion; namely,-

n(t - 0) - Me = (-i- - - e sin E + e sin E°  (20)

M,--4L e s in (E 0 +E) +- - (21)

iwere M is the, m:ean anomaly.- -

j A coW-. orn of- the solution i'or A g given in the literature is, to

iterate equation 21 where the IArst approximation of AE is given by

AM + e siz. (F . (22)

aVW succeeding i teratiins -take the 2or m

AE e sin-( o  Al (23)

Cornvergence af the iteriPttrn is establil-sed when

[!E4. V.~i 0 (24)-

where 1 -a preciqnmptei at-curaey limit.

The 'results- oT ,ne suc~h a .steraI.on are -shown on figure 06-2-

Differences of_ t;he 'I and the #'inal J.E a-re plotted versus the number of

iterations. The slu-tinr. uscil.thtes syete~rat:cally and converges slowly

to a -:'Ixfd, value. In the exiample shawn .r; tigure 0-2, more than 170
I w'Fiterations were :required .'oc = i.hY

C
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CUBIC C(,lPO[FATI1J

It was observed that the successive iterations o'f equation (23) were
%0

opposite in sign end theretore , sceptible to dampening. 'In order to
m~ink the solutici given by equatlon (23) useful, 'an alternate form of the

solution was tried; 'namely,

e - CSiv Z + i L5-I + A A)/2 '(25)

z For the same conditions used to test equation (2 ), eqution (25) sarisfied

the iteration convergence 'driterion in 5 iterations. Th dampened' iteration

proved to be highly eeficient and accurate and represents the most useful

solution to Kepler' s equation attempted, which has included su-veral partial

derivative techniques.

i' the above set of equations are to be used in formuiations ikere

hig' accuracy and precision are essential (such as computing the reference

orbit or trajectory in the Znck 's method of predicting), the. using a

fixed constant for K In equation (24) can li.it accuracy and make compu-

tations susceptible to Lmrncation error in computers. The variability of

AP", can 'be compensated by, making K also variable in such-a. wy as to retain

proportionate accuracy ef tiE. In order to achieve more uniform and higher

accuracies from the iteration, a KVfor the convergence test of equation (24)

was computed as

K W4X where K = 0.0000001.

The donvergence test given by equation (24) now becomes

CONTINU1g K < [ - < K nrr
E < i+l
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I . ICUBIC CORPO'~O1'N

II '< ) ,'ro-BODY PARTIAL DI, IVATIVES ..... Partial differential operators

7 , and D are defined with the "ollowing convention:

00

a -7 (26)

1 0
OL 0 -

then the -body partial derivativ, o. positon md velocity at time t

,,4th respect to injection vectors 77 ' at time t become

0 0)

0

ax ay' Oo
o o OX OY 0 Z 0

1! 2 0 "'

P ~(27)

axa 3YZa

aloaTOaz ax0 aio 8io
0~ 0-

Az A L za



(3 x 3)

=+ +~ /j

' " (28)
Q , 2 +, U + i

Tf +T

(3 3'
-i 0 O"

10
IA 0 1

3 x 0 (3x2' (2x6,) 3x 6

LQ 2 >-- L : Dgj'+ ,I g-.t
.' . TI *

L 1 J= L-O LD:' DF. + LI', gi] (29),

iwhe .- F- and P- are the two-bcdy partials of position h and velocity

,with respect to both i- and V , respectively.

Taking, pfkrtials of C, g, ', and g will give

D" [3(- )-Sir: AE '16E (36)

Dg= g) Da+ %I - -(31)

1
U 0

+ = DI- 2 + A E (32),r(- I0 zsin 6L

2 ,(,t. D "

= 1~ L~g- t)- si t~o aJ (3

= ,9.-+



CUBIC CORPORKTION

Dc-= sin AL ,1 dos DLb, (36)

0Dil DL b-(3

DD c cosAE 3 -sir.A ; , h (38)

2

_(40)
•. 130 ' o , 0

Db L' (-42)

0, 0-6 (43)

.

0 a

2', ',. a " F (46)
3

0-9

r aV0(7



Pub1C R~iFQUATION

INWTlAIX~~0L TOC gL;Tf~,POATlOIS 41 wo'!. WUd equationb are

compouted in a,,spaCeO :'ixed. or inertial coordirnati -he~~ nar earth

orbits and, trikj ectories, Inertlil cooi~d mates- 'Cux-rf4 be ~irOd' tq- ii-

cident with the equatorial -,ordinates',at epoq h ret 0 . oato r

the stationary inertial OoorAdiiiates to thie 'eith fi ced .equt0l~l coordi-

paEteF _ls givein by

j 0 * rotation matrijc

uiiere t0 =itimn of; epoch oi,' *in.tion

t tlme in tra~ectory

At t-

( s1th matrix 'fuith~e iierti&J. prisitinn, vel-hotty, and partials wil

be 'rotated to equatorial by

M P (4~9)

v4  E 14' X (50)

T

where (j = -edrth Is angul&r r-cte

T -refers to matrix transpose.

0-0



CUBIC CORPOYtATQ11

- All equiations. given hire- Vor traJectory -prediction are predicated on

a spherical gravity field and tne absence of' all pezturbations sbch as

atmosphericdrag, aerodynaric lift, thrusts,, ete. The equtions are veryr/
useful in evaluation considerations x, ere simplicity and versatility are

needed before solutions and proble.s ciri'be economically 'simulated. Per-

turbations can be added to the above equations to strengthen their

applicability to real problems. Principal attributes of these equations

are their vernitility-, timplicity , and speed of computation on computers.

The two-body part;ials can be used in orbJ:t and rrajectory eitting to

obseryatiol data.

i /

-, FCF kkb J-l1
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APPENDIX P

47- NON- 'ITATONAL .P T ,I3ATION

Let the accelerations acting on a vehicle in free-all be expressed' by

A = + ' *.' .; F (l) '

- p

where,

A K i toltal acceleration corhponents

G gy principal1 cozzponent of' eakrth'a- gravity

l= K = perturbaAons of earth's- gravity due to zonalp harmonics

S py acceleration component due to non-gravitational

L] perturbations

Exammn'es of non-gravitational perturbations would be accelerations due to

.lift, ,drag, and solAr radiation. As a matter o" convention, bhe directional

components are defined as being directed along the X, Y, Z axes of a

right-handed orthogonal cvorddnate system. The re.'eri~fthe f'rame used here

is an earth-centered i space-Cixed inertia'i coordinate system.

'.hen the vehicle i. in close proximity of the earth's atmoaphere and

,extr&nely long prediction Intervals are not considered, then atmospheric

(3,

C
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lift and drag become the significant perturbative sources. Drag and
lift accelerations, nda respectively, are given by

a d i/2p pV 0 cd S/,m

(2)

- ,where

p =,air-density
'I

V vehicle eaith-related velocity

Sd' =vehicle drag .coefficient

Ct = vehicle lift coefficient

,S vehicle effective croso-sedtonal area,

. A vehicle's drag coef.'Icient is not constant, but rather a Amction

of the vehicle's Mach speed and shape. Also, he value of the drag

Coefficient for different Mach speeds does not lend' itself to ,analytical

expreision'. Thus, a table of actual measured values of the vehicle drag

coefficient versus Mach speed is required-to compute acceleration due to

drag Such a table for an inetrumentation pod isgiven in table,.

Ozce a table is provided, it is only necessary,-' o compute the vehicle's

&ch speed in, order to determine the value of the drag coefficient.

Vehicle Mach speed is defined by

M- Vt/C

where

C acoustic velocity

C taO * aly + a2y2 a  + a4y+a7 +a 6y

S. ' vehicle altitude above the earth's surface in
thou*ids ,of feet.

Puckett, Allen E., "Guided Missile Engineering," McGraw-ill, New York, 1959.

P__
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TABLE- P-1.

~jiDUAG COEFICQ,'T

MACi Nal!R COiY~FICI'T

.0 .1.12

.63 1.27

.90 1.38*

1.02 1.82

1.05 1.95

1.15 2.07

.25 2.10

1.52 19

2.40 1.64.

c.0, 1.48

3.5 1.41

3.9,7 1.38

5.00 1.351

6.00 1.34

10.00 1.31

40.00 1. 3i

P-3
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The values of the ooefficients, .'ij for different valuet of y are given in

table 1. A comparison of values of -coustical velocity, tiomputed using

polynomials with the coefficients ai with data from the ARDC model atmotniere
of 1959 is shown in table P-3,

The 1 -Ct coefficient, Ct, may be approximated by 2<, where o is the,

angle of attack in radians, if the Vehicl'e body is assumed to be basically

blunt in shape. Air density Is a fuiiction of altitude above the earth's

surface and may be approximated by

P l= 6 (4)

where

s b0 + bly 4' b2y3

r = scaling exponent

KValus of r and b *or d -ferent values of' y tre given in table P-.

comparison of air density, computled' rom equaltion 4, with data from the

ARDC model atmosphere oi' 1959 is given in table P-5. The coefficients bi

and a i are primarily a result of fitting third degree polynomials to data

'from the ARDC model -atmosphere of 1959.

The accelerations due to nob-gravitational perturbations my- now be

expressed by

P ad = D L a (5)

where
ID uzilt vector directed along the longitudinal

axis of the vehicle.

L = unit vector normal to the longitudinal -plane of

'the -Vehicle.

_P-4
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4' ~ -CW ~ -CO~RPORATION-

TABLE-;- 3

IC PARISON OF COlU'TED VS. ACTUAL SPEW OF SOUND

ALTITUDE ACUSTICAL VELOCITY ACTUAL
(I,'T) wr SEC-!)

5.0 x 103  1097.1 1097.1

1.0 x 104 1077.4 1077.4:

1.5 x 104 1057.4 1057.4

2.0 x I0 103'6.9 1036.9

2.5 x 10 1016.0 1016.1

3.0 x 10 '999.7 994.8

3.5 x 104 973.1 973.1

4.0 x 104 968.0 968.0

.0 x 10968.0 9680
6.0 x 104  968.0 968.0

7.0 x 968.0 968.0

8.0 x 104 968.0 968.0

8.5 x 104 975.4 973.4

9.0,x 104 983.9 983.4

9.5 x 104 993M3 993.3

1.0 x i05  1003.0 1003.2

I. 5 x 105 1095.3 1096.3

2.0 x 1 1038.6 ! 1038.7

[, 2.5x105  888.0 • 888.1.
3.0 x 10 846.5 46.

3.5 5 10 1100.0 1100.0

4.0 x 10 1100.0 1100.0

4.5 k 10 1100.0 _T100.0

* Dy "actual" is meant values given by
"Handbook of' Geophysics," ARDC, 1960.

IP-4

--------



[U131C CORPORATION

TA.I,E P-4

COL ICiENTS' It: CTUTING AIR DEVSITM (CB. ?'3)

- -2.140228194 X 10 -4.112711777 x I0-  1.,94863 3

12 -1.385607963 x 10 - I  +5.754215325 X 10 -1.060362481 x 10 - 6  1.385541893 x 10
1, 3 1-6 ,

3 +6.14"17751 x 10-  -2.284935788 x 10-  2.543977892 x 104.8592579372 x 10'

13-
4 -5.301440339 x 10-  +1.052418458,x 10 -  7,.164439"6 x '0-i 9.154608305 x 10

-1.423384892 x 10-2  +6.97170;f4l7 x 10-6 -1.733376425 x I0 9  9.995812402. x 10'

2I 30 33 1 x 10-3 -6951 5 6 12 923U 6)', - - __0_ _6 +1.995115962 x 106 - 1 0
- c0  1.254637591 x 10

and.

V7Y ~ 3 41 5 *
S-4 * L -6 8 -13I 1. 5

where

1 0 if 100,000

2 i00,000 < H 250,000
i - 3 250,0 < H < 350,000

4 350,000 < H 525,000
5 525,000 < H 1,200,000

6 1,200,000 < H

H a altitude above mean sen level in reet

F-7



CUBIC COQRPORATION

-TABLE P-5

COXPAKISON OF COMPUTED VS. ACTUAL AIR DENSITY

ALTITUDE COMPUTED AIR ,ENSITY ACTUAL

0t)_____ (CB -F". -

- 2.5 x 104  3.570 x 10-  3.430 x 102

5.0 x 104 1.196x 10-2 i170102

7.5 x 104 3.457 X 10 -  3.546 x 10 -

-1.0 x 105 1 1.033 x 0-' 1.033 x. o-0 3

1.25 x lU 3.166 x 10-  3.274 x 10-

i1. 50 x 105 1.146 x 104- 1. 146 x 10 - 4

1.75 x 0 1 4.695 x 10- 5  .54 x 10 - 5

2.00 x 10 ] 1.968 x 10- 5  1.968 x 10-5
i5,

2.25 xO 10 7.647x0 -6  - -

2.5 x 10 2.493 x 10-  2.493 x 10 6

3.07 -70~-
3.0x 1 0 5  1.327x 10-  1.327 x -10

1.5 x 105  7.282 x 10-9  7.282 x 10-9

4.0 i 10 7.561 x I 0  7.561 x 10- 0

5-10 -10
4 ; 105 2.248 x 10 2.248 x. 10

4 5 -10015
-5.0 x 105 1.023 ,x 10-I  9.789 x i0-I

7'.0 x 105 i.735 x 10-11 1.6809 x 1o- I l

9.0-x 105 4.800 x I0 12  4.809 k 102

1.1 x'lO6  1.595 x 10 - 1 2  1.592 x 10

1.3x 106, 5-954 x 10 -13  5.946 x 10-13

1.5 x -10 1 2.452 x icr' 2.450 x 10r'

1.7 x 106 1.094 x 10"1 3  I.055 x 10; 1 3

i1. 9 3i 10 6 5.243 k 1071 4  5.243 x 10 - 1 4

10§jJ~ ______ x____ ________1
S2.662 x 10

By ",actual", is, meant -values given by "llfandbook of
Gedphysics," Ai,, 1960i;



CUBIC CORrOUTION

}{erej f~or simplicity, D was taken 'to be- dimeted 60 1 fi.ti~ly- wthitb*

Kvehicle's .aith-related velocity vector.0 Vt. Thiisp

D VI

where

V

vy
V.,

VO

No rnialLy Lis takenz to bt norinal to some re ronc plant cotitain~ng the' longl-

u~dinlal ax is of tht* vvehiclo. For example, in the .,the of ali aircraft, t-his plane

is-dete rnined by tho position of the wings. H'* exr, -no assurhptions of Awings,

nor t hoir posit ioning, ha s beeni made, 'he r-fo rv, thi s philne v. as taken to ,be

4 ~ ,Ii plane doftned as being pe. epvndicula r to the equthu oria plane andf icontaini ng

V.The flow of air _F, %%as taken to be pe rpvnic.culax- to the posit ion vector,

Rof the '~thIeanud-directed to oppose V

4 

V

P..9



CUBI1C CprORPUORN

Once the direction ofr F A s Je termi;ne, L becomes

nu 2, v .cs 4+F (1/umnc)()

where

C08-os (-V' P]

Ib



4 Ai~~~AiTMIX _

?.ARihaS _RVTx FIELD

- lh ,arth'as gravitatiocIi~ field may be derived fromn a ecai r -potential

'p.{h obeys J'oissort's eqiation;' namely,

-whero, ' scal., r potential

quaion(1;becomes

A, soh.tion of eqiz;athm (2) which Is c6nsistent with the physi1al earth i

where- -

~ geocentrtc Uiattude

X east long --w' tenwich meridian

r=radial d-istasj~ee t'6ti-earth'r- mass center

a ear tbt 4qcuAtorlil radius (seml :aj or axis),

T (Sir. ~j asocia ted Leven3re polynomials of the- first-kind
fl-

K ~pr~dut ofrUniversal &a-Vity caust.ant and earth' nas

'empirical cop.letezts

They atla eqiutirl (J' Is crvxonl reerredi to as, an expaneioi

In 4rserzaI haron-1c-j. ',he c,,)( 'io1t and S have been evaluated



F .

cubic COiRiORAJTlOf

based oy. observations of Satellite orbits and the Corresponding change..

in the assoolated basic orbital elements. Current values of the'longitJde

dependent coefficients are not sufflciently well defined or significant

to be used In general prediction r:epresentation. If it is asumed that

the earth is longitudinally syietrici then equation (3) becomes (after

separation of the principal term)

') (B2in

2 ,, -r n (sin

where
J = the zonal harmonics of the earth's ,gravity.

The principalI term 'of equation (5), , defines the potential of - spherical

body -with !c6ncent ':ic distribution, of nzass. Pef _ilrbations due to the

merldfinal asylune4-ry of the earth are represente by the one to infinity

summation ,ters.

Gravitational acceleration of the earth as a function of ,radial

distance and geocentric latitude is giyen by, the gradients of the potential

function. 7Sqe figure Q-1.) Thus

" (6)

where ~ t~ (7)

[7 O r = radial component d4fgravity (8)

p = a'imvthal component of gravity (9,

'r' ~ unit vectors of the radial and azimuthal-
'gradients expressed , - an earth, centered,
.iertially 'ixed coordinate system.

lof ,



cbI~c OG; POk TIC't;

Taking gradients o' equatiorn (5) yields

. n+2
- -- (t + I) j2 n r n"

L_ " -n+2 : ' (sin 11
a2 n

where

and the component s or" gliality will ,there" ,re be

r- /

/ 
€

rigure GQ-1

Cc9&+onenta grCi.ayity

Co



CIUBIC COIIPRA11ION

Legendre polynomials Pr (sin Pl) and. P I sin .1) can be come -fromn n

the recursion relationihip in the following manner i

~P, (sin P) s1

2,
V ~ ~ ~ 2 (sin 0) = 3ir. ~1/

r~p~f air ip [PD~sn 4  (sin, ~T (sin (3

P (&in .)) 0V 0

I r2 ' ~~(sin o) co3sin CB2, sn~ o

(sin -ij (pin +,i (2n- o

[1If-the total grav-ity Is to be-eXpressed iir an -orthogonal- cartesian

coordinate system such. as thie earth centered inertial 4yetemn, -then 'the

unit vects of equation (7) become

RCos co~s

Y,
- in X cbs -P (14)-

sin~

I k Cos, ain4,

Vm  -sin,% in~ 1~

- I44



"" he Tirst -iine zonal barironics have beer. determined -by TY. Kosci

:rom satellite orbital data. Kozal' s- values f~or the zonal harmonlcs

Lare aoccepted as- thfe mol represenltfive n~ow avatlable and are listd

here for referenme

108OZ.,48 + 0.04 'x O7

-6
035 u ._b24 0.0" x 101

-O<40 0.0' 10 6 (16)

j - ().'02 + 0. C'7 x 1.0 6

+ 9 .1,11 .011 x 10

Also given by *YozAi are the ccrnstants IK and- -a, which are:

T,= 3.996032 x-1020 cm-.' secQ

a 20925696.3 fef-A

17= 32,14~648177 f/e

1 Koui, Yoslihhe. '"Zu-erical 1esi~ultv from~ Grblt.' ftibsonialn Ingstiute-
kA~prLghyAfcAI Gbxirvotorv Sciq1 ReDort 'No. 101i

FCFai kkb



CbrijC CORPORA? 1011'

APPE34DIX

3WErTic SE00% 11PNE CROSSIiIO

'rhe purpose of a Ilne crossing operation is to estimate the distance-

between two points-on the earth's surface. Thiis distance-is reduced to

the sbortestdistance(i-.e.,. the geodeni, ) Wlong some reference spheroid

(e.g., Clark -1866 or In ternational).

rhe classical line crossing technique -is i-llustrated by the S11 IRAN

and HIRAN systems, in these systems an ,aircraft flies across the baseline

at a nearly constant height and nearly perpendicular to-the baseline.,

During the flight- ranges from the, two base stations are simultaneously

measured. (See f igure?:-X if the patirs of measured ranges are-addt

form a-series of range sums (He),, a curve similar to that shown in 11gure R.-Z

will1 result.- The minimum of this cure corresponds to-'the time at which

the, aircraft-was directly over the -line. _Using-*he two-ranges and the

altitude correspon-ding to the- range -sum minimum, 4n- estimate- of the

geodesic maybe founxd.-

The use of the Geodetic SECGR system to peikform line crossings 'is

operatiozially simar 'but differs fromi the classical techriques in

several ways. Flitst, the, height of the -fatellitt Vil -not be- constant

bt: will var -with time. Second 'the satellite cannot be* 'epcted to

cross- the baseline -near the mldpoint nor cross -perpendiculari toL 'the baseline.

These two-conditions, As will- be shown laterp cause--the range aiim minimum

to occur -ti some- tifne befor* or- after the, baeline- As crossed. This

prevents the use-of the classical technique for the- solution-of the

problem.,
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- M-thd T91 Geodeti 3E2C, :Ape Crossing CMutation

'rn the method for computing the line crossing ,from Geodetic SkCOR

satellite data the following are assumed to be known precisely:

= distance from the center 6f the earth to tae satellite.

Ah = latitude, lonigitude, height of base site-number one.

h2  = height of base site number two.

H1, R2 = simiultaneous range observations from sites one and two to
the satellite.

The latitude ard longitude of the second site (0\),are assumed' to

be a known. A schematic representation of these quirtities

is show.nl in figu r Hl

The distance it is computed :at each poiit from the satellite's

2 2+
equatorial coordinates (X Y. z ) by F E .-2  The sate'iite

position in, equatorial coordinates may be determined using° Geodetic SECCR

dkLt rrom base site number one and two-additional sites whose Coordinates

are -known or from some other tracking or ephemeris data.

Since the range swu minimum cannot be used to determine the time of

the line crossing, some other parameter must be found which will be minimum

as the, baseline is crossed. The parareter used is 'he central angle 4um

9 = l .02 ( f igurt P -) whichtakes o, a siimnmum ,Value when the vector

% is coplunar with the vectors: to thie. two,'base, statins (i.e., , 2 )

The value of Qs ,may be found ut ecch phint by applyihg the law of cosines

to each triangle, shown In A:gure R-3. 'hat is;
2 2 2

--

Cos 
22F-s

'Z - s2 - 2
Cos 22 2 (2)

S (31)
s t4

R -,t



Site 1Site 2

al s2

.enter of earth

FiirR- 3. Line Cosing Cje~nniqr



he del.na&io furnnzu central aies~~smtti

limi ted region &A. Lt the mnimirnun, the sum,. S( ) ~ . prmtdb

P. second degree po1yromnhj: a~t a*: + fi~t 2 I te

the vehicle are' not too extreme. iiavlng, de-termined F 100 the minimub may
be ott&ined as fo11owat

! P(t ~ -,N -M P(tM)()

whe r v t M is t Ii t rre at- %x h ich P(t) i s an &>r e mtn.I

I p2a~ 2- t - (-5)
dt 2

( Iher,: t

~.a.
4

For.& minimumr:

CC

S a. 0 or.a mnimur..

TIe polyndimiai~ ( may be determined fi oum tkoie esuted utai (1,,e.,,

:en~tri-l atnpe sum~rs . ,Uby use of a le&-st sq1yurs- criterion.
2P I'

;h~~tis,'u~ -a -- ~ is a inir .
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CUBIC COF krcl

S- For ,6 minimums.

.I_:O, il O, a .>

2.

-" L L Zh-% -ait - a*tJ=:o

£LU 1 t~ a t, 5 0~ii o  " 1 t 2  1

4 U a t -t 3 -a tiu ol0
2 2 4
i

2.

i-i~~ l jitr
L. t -a, i1

t t
1t . ti  So tt

-i i "i a C'i

Let, I t r-
!I A a

C -j101

t hett

2 I

(3x;( ) (3 .xi. ; 3xi) (ixi) .1

L L , ( ] ] . L Ti  J Lijui~, "il - ,"21'



47 Solving 'for [A].,

N .,-1 N

4 *=,j shows a sanple curve fit to a central angle sum scaled by a

iiean eairth'i radius for & 19ng-li::e- saetellite crossing, The residuals,

plc .ted represent P - versus time,

! gtiuLtion of the Geodesic.

The minlmur=. distance between the two-base stations. (geqdesic) is- not

a plane curie, and thus may not be d6termirned in closd, form, from the

central angle, minimum. An-esUAnate may be. rude by assuiting, that -the

geodesic may be expressed in the form:

T4 (:719)

Si - e edesic

- ~" p -'exact scaling radius,

9- cen ';eal angle.

Now the esiraeof - Is fow,6 directly Crom the minimur. central angle

sur. (i~, i~ z~n inuiK, An est mte of tihe scaling radius. {P) is,

n'bde lusing the survey dcta for base statior. 1 &Md th~e .ir-roxi.'ate Survey
A

dutIL for base Ltat~1on 2, to, compu-,e a geodesic. a nd centri-angleQ 1 2 Y

.he central angle 's found from:

A s

an is f'oundi usir,,: method for the inverse computation.-
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( .The estimate for the scalinpj radius, (jIs found from:

The f inal eatimate for41 the g&odesic-is given by;

122

thne reaierors ai ing f prothe dtemnaio ofbyndh ag~ ros

The indiatedm o vehi thpessinm-ranglcte undertanoty n hesreycu

psiin o1 he ic ecoses e bswewlne the secaton erive befloct showi

fo~the case ' arn f~ro'therorbirminationituRdeo the rangine rrrs

i ur t-5 showso e om etr o iecrs.gcnigrto o

cilrcular orbi.. :hie db6rdinate systemn is chosen so that the orbit is,

cen~tered at the origin of tine coordinate system and lies in the y-z plane.

the radius (pi is constan't anid t? anguir velocity (h)is -constant.



CUU0O CRYCOAT 1IC?'

~ircular orbit centered
at 0 in y-z planie

[~f~ 2

elo

2t 12 Projection of

7] baseline

Firure RF-S. 3Zonitry f'or Circula±r Orbit



C~Ji: i C OhL6 ;' it!A

4 Lsing the geometT-y cf figure R1-6 the coordinates of the satellite (xyz)'

and of the- two tracking sites Vil) and (Y.;Z) 2 may be written:

x 0 1 = o 2  --0'2 cos.:<.

SIN Y [ = -d 1 sin "2  d2 sin (24)

Z pCos z pcs l 1 12 = 2

lhe ranges and rage rates 'fO pm each tracking site are:
, ,. = -2 .21/2

"l L P '1 2p(di Ein - sin - cos })] (2-)

1/2
~2 2 212

2  L P +d +Z - 2p(d, sin - sin ji + Z. cos 3(:1)
22 Z2

= (d s-ir - cos + Sisn (27 ).1

F "~ (-.d Zinl Co ji Z Sin P)

ow 'the range sum iby = 1 2 and the range sum rate.

Its by:

P = R1 = R- 1 1+ [ ] sin} ()

.n order that m .ay be used, the range sum minimuh, must occur as

-tie vehicle crosses the baseline. In the above s'ftati n this corresponds

to = 5 or

= X - s 0

Mhe conditions under which ' = 0 when 0 are:

(1) pl 0 which - tot of practical interest.

h -12



~NOT REPRODUcIBLE

the-baelin6 -length detiirrm'ination.

'nhe cen-tal angle 'sum rate (9 9tQ, a be obtained using h

law of coie to d-etermine-i end as follows:

S 2, ~ 2  2  2p '+ p - p

's rL~~ R~2~ 2 (1

3th d cro 1in Xf the Zh S2)

range ~ li -9,, 2i )ma o.

)CW/kkb



F APPE ND LXS

This appendix provides a saffplo of each of the types of listing (printout)

obtained-during the data processing. A brief description of each heading is

included unless the heading is self -explanatory.



S. I Raw Li~ting., The raw listing was made directly from the copied raw

; ) tape (program EXAM-l),-after unpacking the tape format (subroutine FORMAT)'

and resolving the ,fange (subroutine RESOLVE). In genera], every fourth or

f ifth sample was listed.

The following quantities were output (samp)le listing 1):

T Time mark which was recorded (indicated by a 1)

-every second. In the sample listing, these 'particular

samples were missed

, _ Quality mark which wa's recorded as a 1 if one or

mQre of the tracking servos were-not locked

S Station number

R Run numberK MO, DA Month and day of track

HR, M, S, MS Time (GMT) recorded at the tracking site ii hours,

minutes, seconds, milliseconds

RANGE Resolved range in meters

DIF First differences of the ranges

VF Very fine channel in meters [/2 and 4/4 meter bits

not indicated)

FN Fine channel in meters

CS Coarse channel in meters

VC Very cQarse channel in meters

ER Extended, range in meters

DI IC Difference between the VF and-VFlC channels (used

to compute the ionostoheric correction)

S-9



VF F Differece between the pv-erlap~bits ,of the, very 'fine-and-

and fine chneis -

F - C Diffetrence ,betwbernithe overlapbits of the fine and

coawrse channels

C VC Differeihce betwcen'the,overlap bits of the coarse

and '; -Py coarse channels

In earlier listings, the last three columns inclhided the following quatities:

R - D2., R - D3, Reference phase minus the phase three of the D

R - D4 channels. The numbers ,were scaled so that the

leat significant-bit, indicated one unit.. The VYF

column is actually R - D1.

S-3



GEODETIC SKCOR USA-2 LARSON ORBIT 1

T Q S R MO DA HR M S MS RANGE DIF VF FN CS V0 0 3 1 4 21 22 19 12 12 951267.00 -25.75 227 976 34560 4210 0 3 1 4 21 22 19 12 262 951244.00 -23.00 204 944 34816 4210 0 3 1 4 21 22 19 12 512 951223.25 -20.75 183 912 34048 4210 0 3 1 4 21 22 19 12 762 951206.50 -16.75 166 912 34560 4210 0 3 1 -4 21 22 19 13 12 951192.25 -14.25 152 880 34048 4?10 0 3 1 4 21 22 19 13 262 951181.50 -10.75 141 896 34560 4210 0 3 1 4 21 22 19 13 512 951173.75 -7.75 133 880 34304 42i0 0 3 1 4 21 22 19 13 762 951169.25 -4.50 129 864 34304 4190 0 3 1 4 21 22 19 14 12 951167.25 -2.00 127 864 34304 4190 0 3 1 4 21 22 19 14 262 951167.75 .50 127 880 34560 4210 0 3 1 4 21 22 19 14 512 951171.75 4.00 131 880 34560 4190 0 3 1 4 21 22 19 14 762 951178.75 7.00 138 896 34560 4210 0 3 1 4 21 22 19 15 12 951188.50 9.75 148 896 34816 4190 0 3 1 4 21 22 19 15 262 951200.50 12.00 160 912 34304 4210 0 3 1 4 21 22 19 15 512 951215.75 15.25 175 912 34304 4210 0 3 1 4 21 22 19 15 762 951234.75 19.00 194 928 34304 4190 0 3 1 4 21 22 19 16 12 951256.25 21.50 216 944 34304 4190 0 3 1 4 21 22 19 16 262 951"281.25 25.00 241 1008 34560 4250 0 3 1 4 21 22 19 16 512 951309.25 28.00 13 1008 34304 419,0 0 3 1 4 21 22 19 16 762 951339.00 29.'5 43 1024 34304 4190 0 3 1 4 21 22 19 17 12 951372.75 33. ,5 76 1088 34560 4230 0 3 1 4 21 22 19 17 262 951409.75 37.00 113 1136 34816 421i0 0 3 1 4 21 22 19 17 512 951449.25 39.50 153 1152 34816 41910 0 3 1 4 21 22 19 17 762 951490.25 41.00 194 1168 34304 4190 0 3 1 4 21 22 19 18 12 951536.5,0 46.25 240 1248 35072 42110 0 3 1 4 21 22 19 18 262 951584.75 48.25 32 V296 34816 42110 0 3 1 4 21 22 19 18 512 951635.50 50.75 83 1344 34816 4?3"0 0 3 1 4 21 22 19 18 762 951690.75 55°25 138 1424 35326 42540 0 3 1 4 21 22 19 19 12 95174.25 56.50 195 1440 34816 41910 0 3 1 4 21 22 19 19 262 951807.50 60'.25 255 1520 35072 42110 0 3 1 4 21 22 19 19 512 951870.25 62.75 62 1568 34816 42?:00 3 1 4 21 22 19 19762 951936.75 66.50 128 1648 35328 423c0 0 3 1 4 21 22 19 20 12 952005.50 68.75 197 1696 35328 41900 0 3 1 4 21 22 19 20 262 952077.50 72.00 13 1792 35328 423(0 0 3 1 4 21 22 19 20 512 952152.25 74.75 88 1872 35072 425'0 0 3 1 4 21 22 19 20 762 952230.75 78.50 166 1952 35840 423(0 0 3 1 4 21 22 19 21 12 952311.00 80.25 247 2032 35584 425"0 0 3 1 4 21 22 19 21 262 952394.75 83.75 74 2000 35584 42110 0 3 1 4 21 22 19 21 512 952481.75 87.00 161 2192 35840 421f0 0 3 1 4 21 22 19 21 762 952571.25 89.50 251 2256 35584 421f0 0 3 1 4 21 22 19 22 12 952663.50 92,25 -87 2366 35840 423C0 0 3 1 4 21 22 19 22 262 952759.50 96.00 183 2480 36096 4230 0 3 1 4 21 22 19 22 512 952857.75 98.25 25 2560 36096 421I0 0 3 1 4 21 22 19 22 762 952959.50 101.75 127 2656 36352 421f0 0 3 1 4 21 22 19 23 12 953063.50 104.00 231 2784 36352 425"0 0 3 1 4 21 22 19 23 262 953171.25 107.75 83 2864 36352 421f0 0 3 1 4 21 22 19 23 512 953281.25 110.00 193 2992 36608 425S0 0 3 1 4 2i 22 19 23 762 953394.75 113.50 50 3120 36608 423S0 0 3 1 4 21 22 19 24 12 953511.25 116.50 167 3232 37120 4230 0 3 1 4 21 22 19 24 262 953630.00 118.75 30 3344 36864 423S0 0 3 1 4 21 22 19 24 512 953752.50 122.50 152 3456 37376 42390 0 3 1 4 21 22 19 24 762 953877.50 125.00 21 3616 37376 428C0 0 3 1 4 21 22 19 25 12 954005.00 127.50 149 3696 37376 423S0 0 3 1 4 21 22 19 25 262 954135.75 130.75 23 3856 37376 425S0 0 3 1 4 21 22 19 25 512 954270.25 134.50 158 3984 378a8 42390 0 3 1 4 2i 22 19 25 762 954406.75 136.50 38 48 37632 4280



LARSON ORBI-T 1407

DIF VF FN CS vc Elk 01-IC VF-0 F-C, C-VC
25.75 227 976 34560 421888 1-015808 f6 1 -3 2
-23.00 204 944 34816 421888 1015808 17 1 -4 2
-20.75 183 912 34048 421888 1015868 i ? -1 2
:16.75 166 912 34560 42188d 1015808 18 1 -3 2-
1'4,25 152 880 34048 421888 1015808 18 2 -1 2
10.75 141 896 34560 421888 1015808 18 0 -3 2
-7.75 133 880 34304 421888 1015808 17 1 -2 2
-4.50 129 064 34304 419840 1015808 17 2 -2 3
1-2.00 127 864 34304 419840 1015808 17 1 -2 3

.50 127 880 34560 421888 1015808 17 0 -3 2
4.00 131 880 34560 419840 1015808 17 1 -'3 3
7.00 138 896 34560 421888 1015808 17 0 -3 2,
9.75 148 896 34816 419840 1048576 17 1 -4 3
12.00 160 912 34304 421888 1048576 18 1 -2 2
15.25 175 912 34304 421888 1015808 -8 1 -2 2
19.00 194 928 34304 419840 1048546 17 2 -2 3
21.50 216 944 34304 419840 1048576 '7 2 -2- 3
25.00 241 1008 34560 425984 1048576 -1 0 -3- C
2 8.00 13 1008 34304 419840 1048576 1,7 -;14 -f 3
,29,75 43 1024 34304 419840 1048576 17 2 -1 3
33.75 76 1088 34560 423936 1048576 1-7 0 -2 1

37.00 113 1136 34316 421888 1048576 16 0 -3 2
39.50 153 1152 34816 419840 1048576 17 1 -3 3
41.00 194 1168 34304 419840 1048576 18 3 -1 3
46.25 240 1248 35072 421886 1048576 16 1 -4 2
48.25 32 1296 34516 421888 1048576 17 1 -2 2
50.-75 83 1344 34816 423936 1048576 17 1 -2 1
55.25 136 1424 35326 425984 1048576 17 -0 -4 0

"56.50 195 1440 34816 419840 1048576 17 2 -2 3
60.25 255 1520 35072 421888 104857b 17 0 -3 2
t,62.75 62 1568 34816 421888 1048576 17 1 -1 2
66,50 128 1648 35328 423936 1048576 17 1 -3 1
;68.75 197 1696 35328 419840 1081344 17 2 3 3
72.00 13 1-792 35328 423936 1048576 16 0 -2 1
74.75 88 1872 35072 425984 1048576 16 0 -1 0

y78,50 166 1952 35840 423936 1081344 17 0 -4 1
-80.25 247 2032 35584 425984 1048576 '16 0 -3 0
83.75 74 2000 35584 421888 1048576 17 2 -2 3
87.00 161 2192 35840 421888 1081344 18 1 -3 3
89.50 251 2256 35584 421888 1048576 17 2 -2 3

z92,25 87 2368 35840 423936 1048576 17 1 -2 2
96.00 183 2480 36096 423936 1048576 17 0 -3 2
98.25 25 2560 36096 421888 1048576 17 1 -2 3
01.75 127 2656 36352 421888 10'8576 16 1 -3 3
04.00 231 2784 36352 425984 1081344 17 0 -3 1
07.75 83 2864 36352 421888 1048576 16 2 -2 3

1110.00 193 2992 36608 425984 1048576 17 1 -3 1
t13.50 50 3120 36608 423936 1081344 16 0 -2 2
116.50 167 3232 37120 423936 1048576 17 0 11 2
.18.75 30 3344 36864 423936 1048576 17 0 13 2
1'22.50 152 3456 37376 423936 1048576 17 1 .11 2
-25.00 21 3616 37376 428032 1048576 16 -0 12 0

27.50 149 3696 37376 423936 1048576 17 2 12 2
-30.75 23 3856 37376 425984 1048576 17 0 13 1
134.50 158 3984 37888 423936 1048576 17 0 11 2
136.50 38 48 37632 428032 1048576 17 -0 -2 1~S-4



S.2 Edited and Smoothed Data Listing. The edited and smoothed data

4 listing was obtained during the editing and smoothing -pass (prog-ram, PASS2)'

on each raw tape. The following quantities were- listed:

HR i, S, MS 'Time recorded on the raw tape inhours, minutes,

seconds, and miiliseconds

- RAW -RANGE Raw range obtained from the range resolution(sthb-

routine RESOLVE) ,prior to application of any

calib ration

ED. RANGE Edited range obtained from the data editing portion

of PASS2 (subroutine EDITSR) with calibration

constants applied

SM'. 'RANGE Smoothed' range obtained from the edited ranges byI using least squares smoothing coefficients (sub-

routine $CR)
R 7 ESIDUAL Difference- between-the edited and smoothed ranges

'EDIT CORK Edit correction applied to the raw range to obtain,

the edited range (minus calibration). 'With one

exception, the edit correction is an integral multiple

of the least significant ambiguity (256 meters). If a

data sample is bad '(cannot be reduced within the

noise tolerance by using an intcgral number of ambigu- - -

ities), the edit correction is indicated by a 9.0. In

this case, the edited range is either an ,extrapolated

range -or the raw, range, depending on the number of'

K 'successive :bad, samples :which have occurred.

-5



ED. DIFF. First- differences of the edited ranges
SM. DIFF. First differences of the smoothed ranges

RD Range rate derived from ,the least squares smooihing

coefficient (subroutine SCR-)'in units. of meters per -

second

RDD Range acccleration derived -from the least squares

smoothing coefficients (subroutine SCR) in units of

meters per second per second

IP Measu red ionospheiic correction derived-from DI -

IC and ificludiiig the calibration constants

C Program data quality ,indicator

- = nocorrection necessary

( A = ambiguity correction

-)B = -bad sample

At the end of each data block, the number of bad samples (NUM-BAD), the=

-number-of least significant ambiguities applied (NUM AMB), and the RMS of

the smoothing residuals. (RMS ERROR) are indicated.

S-6
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Gl:ODETIC SECOR USA 2 SAN DIEGO OR8
HR M S MS RAW RANGE ED. RANUE SM. RANGE RESIDIAL EDIT CORR. ED,
0 25 19 628 1777A00.00 17 7 7 5 7 7 0o0 1777577,13 -,13 0n 25 19 728 1777699,25 1777676925 1777676,.37 -. 12 0 1
0 25 19 628 1777799.25 1777776,25 1777776,03 .22 0 10 25 j9 928 177789-9.50 1777876,!n 1777876,06 044 0 1o 25 2n 21 177-7999.50 1777976,5o 1777976,43 .07 a i0 25 20 128 1778±00.25 177go77.25 1778077,15 .10 0 10 25 20 228 1778201.00 17781786U 1778178.24 ,024 00 25 20 328 %778538.50 1778279,r 1778279,65 ".15 -2 56.no 1o 25 20 428 1778405.oo 1778 3 82 00 1778381,42 958 0 1
0 25 20 528 1778762,50 177848S.5n 1778403,50 -.00 -256.00 1o 25 2n 628 1794993.00 1778586*00 1778585.97 .03 -16384.n0
o 25 2n 728 t778711.75 1.778688,75 1778688.80 -.05 0 10 25 20 828 1778815.o 1778792.00 1778791.95 .05 0 10 25 2n 928 1778918.25 1778895,25 1778895.50 0.25 0 1
0 25 21 28 1779022.00 1778999.u 1778999.36 -.36 0 1a 25 21 12A 1779126.50 1779103s u 177910357 -,07 0 1o 25 21 228 1779231.25 1779208.k5 1779208.11 14 0
o 25 21 328 1779335.75 17793 1 2$7, 1779313.00 9.25 0 10 25 21 428 1779441.00 177941dU0 1779418,24 w.,24 0 1o 25 21 528 1779547.25 1779524.15 1779523.83 .42 0 10 25 21 628 1779652.75 1779629.15 1779629.77 -.02 0 10 25 21 728 1780015.75 1 779736,1b 1779736.13 062 -256.o. 10 25 21 828 1780122.00 1779843,00 1779842.75 .25 -256.00 1v 25 21 928 1779972.75 1779(P49,7t 1779949,71 .04 00 25 22 28 1780080.00 17800 5 7*oo 1780057.01 -01 u 1(o 25 22 128 17 8 018 7 .0b 178n164 .0O 1780164.65 .,65 0 1o 25 22 228 1780295.25 J780272,25 170272,63 .38 0 10 25 22 328 1780403.75 178o380.15 1780380.94 -.19 0 10 25 22 428 1780513.00 1780490.00 1780489.61 t39 0 10 25 22 528 1780622.00 1780599.uo 1780598.61 '39 0 10 25 22 628 1780731.25 17807o8.z5 1780707,95 .30 0 10 25 22 72s 1780840,75 1780817,7: 1780817.60 .15 0 10 25 22 828 1780050.50 1780927.30 1780927.63 -.13 0 10 25 22 928 1781n60.50 1781037,7o 1781037,99 ..49 0 1o 25 23 28 178171.75 1781148875 1781148 75 - 00 0 1
0 25 23 128 1781284.00 178!260,00 1781259.91 .09 0 1O 25 23 228 1781394.50 1781 3 71.50 1781371.40 .10 0 10 25 23 328 178106,25 17814830,5 1781483,22 .03 0 1o 25 23 428 1781618.25 1781595.25 1781595,38 .1.3 0 1o 25 23 528 1781731,°75 17817 0 7.7! 1781707.90 -15 0 10 25 23 628 1781843.50 1781820 ) 178182n,79 .,29 0 10) 2! 23 728 1781957.00 .78t934,ufl 1781934.05 -.05 0 1
0 -25 23 828 1782n7o.25 1782047.Z5 1782047,63 ..3s 0 10 25 23 92s 1782184.50 4782161,:)o 1782161.54 -0 11 2o 2 23 702299,2 1 7e227 a'7P227r- 6 ,3 0 1
0 25 24 128 1782413.75 1782390,7: 1782390.39 36 0 10 25 24 228 1782529.00 1782506,00 178250.3o .70 0 10 25 24 328 1782643.50 1782620,0 178262n,6i -.11 0 10 25 24 428 1782759.25 j782736,d5 1782736,29 04 0 1o 25 24 528 1782175.75 1782,852,75 1782852.32 043 0 10 25 24 628 1-78299i,50 1782968,70 1782968,68 -.18 0 10 25 24 728 1783±08.00 17830P-5,00 1783085,37 .,37 0 1
n 25 24 828 t783224.75 1783201.75 1783202,41 1866 0

NUmN BAD NUH* AMBO RMS ERROR
0 -5n ,3232



SAN DIEGO ORBIT 1269

E RESIDUAL EDIT CORRe ED, OIFF, SMo DIFF, RD RDD IoCo C
- 13 0 99.25 99,25 991 36 22.00 -07 ie12 0 100.00 99,66 994 36 2j.33 .
.22 0 £00.25 100.02 998 36 21,33
644 0 100.00 0oo.37 1002 38 21.33 -
07 0 lGO.75 100.72 1005 35 ?1.33.10 0 100,75 101.09 1009 35 21.33 -= 24 0 101.50 101.42 1012 35 21.33 .

S.15 -256.n0 102,50 £01.76 1016 35 22.00 A2 958 0 101.50 102.09 1019 35 21.33 .
- 00 -256.00 102.50 102.46 1023 35 22.00 A- 03 C*.6384.n0 102,75 102483 1026 35 22.00 A
- 05 0 103,25 103,16 1o30 35 21.33 *5 .05 0 103.25 103,55 W3 35 22.00 o
-. 25 0 103.75 103.86 1037 35 22.00 --.36 0 104.50 104,21 1040 35 22.00 -

7 -,07 0 104,75 104,54 1044 35 21.33 -"1 .14 0 104.50 104,88 104-7 35 21.3 3 .

0 -. 25 0 105,25 105. 2 5 1051 35 22.00 =
.4 0#24 0 106,25 105,59 1054 35 2J.33 .3 .42 0 105.50 105.95 1058 35 21.33 .
7 -,02 0 107.O0 106.35 1061 35 22O00 -.62 -256.o0 106.25 106.62 1u6 4  34 21.33 A

I25 -256.00 106.75 106.96 1068 34 22,00 A
.04 0 107,25 t07.30 1071 34 22.o0 •1.01 0 107O0o 107.65 1075 34 22. 00 =

5 .,65 0 108.25 107.98 1078 34 22,67 .
-. 38 0 108.50 10 8131 1082 34 22,67 -
-. 19 0 109s25 108,67 1085 34 22.00 -
039 0 109,00 109,00 1088 34 21,33 -
039 0 109,25 109.64 1q92 34 22.67 -
o30 0 109,50 109,66 1095 35 22.00 -
-15 0 109,75 110 02 1099 35 22.00 -a -.13 0 110 00 110 37 1102 35 22.67 -9.49 u 11 -25 110. 76 1106 35 22.67 -

-.00 0 114,25 111.16 1109 35 22.67 -.09 0 111.50 111.49 1113 35 22.00 -
0 .10 0 111.75 111.82 1116 35 22.67 -,2 .03 0 112,00 112,16 1120 35 27,00 -
I .13 0 112, 50 112.52 1123 35 22.00 -
0' -.15 0 112.75 112.88 1127 35 22.67 o'9 .29 0 113.50 113.26 1130 35 22,67 -

M,05 0 113,25 113.58 1134 55 22.00 -
.. 3,0 114.25 11.91 1137 34 22.00 -a.04 0 114,75 1J4.27 1141 34 22.00 -.44 n .°4 4 50 4 A '14 eIA0 14 . 144 '34 2i.. -3
.36 0 115925 1j4,91 1148 35 22.00 -

70 0 114 50 115131 11 35 22.00-.11 0 115,75 115.68 1155 35 22.00 -
9a04 0 116,50 116.03 1158 35 22.oo

043 115.75 116.36 1162 34 22.00
0.18 0 116.5p 116,69 1165 34 22.00
0037 0 116.75 117.04 1168 34 22.00
-,66 0 116,.75 117.S4 1172 34 22.00 -

S-7



5. 3 $atellite Position-Data- Listing. The satellite, position-data listing

-~was produced durin the -simultaneous mod saelieosition calculation

(program-PASS3). In -order to provide an-easily read printout fornma, four

sheets were used,.

Sheet 41:

'H, M, S, MS Time -recorded by station I which was used as the time

reference in hours, minutes, seconds, an&driliseconds

TRACKERS the four -numbeis Indicate which- of the four tapes were

time -syhched (e.-g. 1*234if all-four -apes were synmhedj;

12,30 ii tapes 1, 2, and 3 we-re s yhched)

V RANGE -1, AZ' 1, Range, azimuth, and, elevation as- dete rmi'ned from the,

[EL I inpu~t survey data and the satellite position-u~-ing the

ranges from stations 1, 2', and 3. This. information

is included for -each- of ta.e fou r stations.

She et 2:V -WH_ M, 5, MS time in hours, minus seodsand mllieod
- as on sheet 1

'LATITUDE, Latitude, mest longitude., and height -of the satellite

I? LOKjIT UDE, gsttos1.,an,3- uisf
H - - ~~~~~~~~as determined usngstin l.2an3inutso

HEIGHT
degrees- and mtr

EQ VELOCITY -Equatorial velocfity, determine d from -the rang es and

range rates of stations -1, 2-,, and 3 in--unit s of mete rsF -- .pecr second,

- $heet 3:

The corrections- determined-for -each- of the -four- stations- are listed- on -this

- S-8



TROPOREFR The tropospheric correction.conputed using the

CORR analytic model (subroutine REF). The correction

is printed in meters and mustbe subtracted from

the smoothed range.

MEASURED IC lonospheric correction from the edited and smoothed

data tapes. This correction is printed in meters and

must be subtracted from the smoothed, range (ifuged).

GO0[,4PUTED IC Ionospheric cbrrection cbmputed using the analytic

model (-subroutine IONCR). This correction is in,

meters, and must be subtracted from the smoothed

ranges.

TRANSIT TIME Tiansittime correction which makes the ranges cor-

CORR respond to the indicated time (computed in program[ PASS3). The correction is in meters and must be

added tothe Smoothed ranges.

Sheet 4:

LSSQ OF PER- Average latitude- west longitude, and height of the

MUTED SOLU- satellite determined'from the four permuted solu-

TIONS tions,.

VARIATION OF Difference of the-latitide, 'longitude, and -height of

PERMUTED each permuted solut-ni-,nd the, LSSQ' or average

SOLUTIONS FROM solution.

LSSQ --

COMBINATION The stations -used in the four pe-rmuted solutions are:

123, 124, 134:, 234.

S 9 "
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tUEDDETIC SECUR USA 2 SATELLITE POCSITION ORBIT

AUSTIN I GR~AND FORLS I SAN 0

H m 5 MS TRACKE'kS RANGE I AZ I. EL I kANGE 2 AZ 2 EL 2 RANGE 4

i J4 9 28 348 12 3 4 21620 1d 307,3 168 2o57921 241,7 18.7 12176632 14 9 28 548 1 2 3 4 216211k 307,4 16,8 2056852 241,7 18.7 1218540
3 14 9 28 748 1 2 3 4 2162206 307,4 16,8 2055743 241,7 j8,8 1219417
4 14 9 28 949 1 2 3 4 2162302 307,4 16,8 2054714 241,8 18.8 1220295
1 14 9 29 149 1 2 3 4 216239b 307, J6,8 2053646 241.8 j8,8 1221174
t 14 9 29 348 1 2 3 4 216249) 307.5 16,8 2052578 24j.8 i9. 0  J222054
7 t4 9 29 548 1 2 3 4 2162593 30?,6 j6.8 204151c 241.6 18.8 1222934
13 14 9 29 748 1 2 3 4 2162691 307.6 16,8 2050442 24J28 18.9 123816
9 14 9 29 949 1 2 3 4 2162791 307.6 16,8 2049375 24j,8 8,9 1224698

10 14 9 30 149 1 2 3 4 2162891 307,7 16,8 204 308 241.9 18,9 1225581
11 14 9 30 348 1 2 3 4 2162992 307.7 16,8 2047242 24J.9 1891 1226465
12 14 9 30 548 1 2 3 4 2163094 308 0  16,8 2046175 241.9 9, 1227350
13 14 9 3o 748 1 2 3 4 2163196 307.8 16.8 2o45110 241. 9.0 1228235
14 14 9 30 949 1 2 3 4 216300 307.8 16,0 20'444 241.9 1.9.0 1229122

15 14 9 32 149 1 2 3 4 2163405 307.2 16,6 2o42979 242.0 1.9.0 1230009
1 14 9 31 348 1 2 3 4 216358 308, 16,8 2041914 242.o 19.2 1230897
17 14 9 31 548 1 2 3 4 2163014 308.g 16.8 2i049849 242.0 19.1 123786
14 14 9 31 748 1 2 3 4 2163720 308.3 16.8 209784 242.0 19.1 1232675
IQ 14 9 31 949 1 2 3 4 2163821 308.j 16.8 2 o3 872 0 242.0 9.1 1233565
20 14 9 32 149 1 2 3 4 216393 308,1 16,8 2037657 242.1 19.1 1234457
21 14 9 32 348 1 2 3 4 2164044 3o8.4 16.8 2036593 242.1 19.1 J235349
22 14 9 32 546 1 2 3 4 2164154 308,2 16.8 203530 242.1 19.2 1236242
23 14 9 32 748 1 2 3 4 2164264 308.2 16.8 2034467 242,1 19.2 12S7136
24 14 9 32 949 1 2 3 4 2164375 308.2 16,8 2033494 242.1 19.2 1238031
25 14 9 33 549 1 2 3 4 2164480 308.3 16.8 20324 1 242,2 19.2 1238926
26 14 9 33 348 1 2 3 4 216459d 308.3 16,b 20312o 242.2 19.2 1239822
27 14 9 33 548 1 2 3 q 2164712 308.4 16,8 203218 242,2 9.3 ±240719
28 14 9 33 748 1 2 3 4 21b4820 308.4 16.8 2029156 242,2- 9.3 124167
29 14 9 33 949 1 2 3 4 2164941 308.4 16.8 2028095 242.2 19.3 1242516
36 14 9 34 149 1 2 3 4 2165057 308,5 16,8 2012?34 242,3 19,3 1243415
31 14 9 34 348 1 2 3 4 2165174 308.5 16,8 2025974 242,3 19,3 1244315
32 14 9 34 548 1 2 3 4 2165291 308.6 16,8 21)24913 242.3 J9.4 1245217
33 J4 9 34 748 1 2 3 4 2165410 308.6 16.8 2u23853 242,3 1.9.4 1246119
34 14 9 34 949 1 2 3 4 2t65529 308.6 16.8 2022793 242,3 19,4 1247022
35 14 9 35 149 1 2 3 4 2165646 308,7 16.8 2021764 242,3 j9.4 1247925
36 14 9 35 348 1 2 3 4 2165766 308.7 16.8 2020674 242,4 19,4 1248830
37 14 9 35 548 1 2 3 4 2165889 30698 16.8 2019615 242,4 9.5 1249735
38 14 9 35 748 1 2 3 4 2166011 308.8 1.6, 2018557 242.4 19.5 1250641
39 14 9 35 949 1 2 3 4 2166134 308, 16,8 2o7490 242.4 19,5 1251548
40 14 9 36 J49 1 2 3 4 2166257 308.9 16.8 201644 0 242.4 19.7 1285245
41 14 9 36 348 1 2 3 4 2166381 308,9 16,8 205383 242.5 19.6 1253363
4? 14 9 36 548 1 2 3 4 2166ob 3094 16,8 2004926 242,5 J9.6 1254272
4.5 14 9 36 748 i. 2 3 4 2166632 3n9.n 16.8 2ni32b9 242.5 19.6 1255152
44 14 9 S6 949 1 2 3 4 2166759 309.O 16,6 2oj22i2 242,5 19,6 1256092
45 14 9 37 149 1 2 3 4 216688 309,1 16,7 2011156 242.5 9.6 125700 3

41 14 9 37 348 1 2 3 4 2167014 3090.1 16.7 204810 242.6 19.7 1257916
47 14 9 37 90 1 2 3 4 21671439 9,2 16,7 2004 242,6 19.7 1258829
40 14 9 37 740 1 2 3 4 2167272 309,2 1.6.7 20D7988 242.6 j9.7 1259743
49 14 9 37 949 1 2 3 4 2 16 7 4 0 309,2 16,7 200e)933 242,6 1.9,7 1260657
50 14 9 38 149 1 2 3 4 2t.67534 309,3 16,7 2005878 242,6 19,7 1261573
51 14 9 38 35 1 2 3 4 2167660 309.3 1.6,7 2UD4823 242.7 J9.8 1262449
52 14 - 38 590 1 2 3 4 2167799 3o9.3 1.6.7 2003768 242,7 0~.6 1263406
53 14 9 38 750 1 2 3 4 2167934 309.4 16,7 2002714 242.7 19.8 1204324
54 14 9 38 949 1 2 3 4 2168067 309.4 1,6.7 2001660 242,7 j9,8 j265242



SATELLITE POSITION ORBIT 1319
PAGE 4G AND FOHLS ISAN DIGO I LARSON AFB

RANGE 2 AZ 2 RANGE 4 AZ 3 L3 RANGE 4 AZ 4 EL4
205 7 921 241.7 8,7 1217663 j7. 0 46.0 1388796 155.j 37.3
2056852 241,7 18,7 1218540 7,0 46.0 1388091 05,c 37,3
2n55713 241.7 18.8 1219417 17,0 45,9 1387386 155.0 370
2054714 241,8 18.8 1220295 17 to 45.9 1386682 154.9 57,4
2053646 241,8 1848 1221174 17.1 45.8 1385979 154.9 37,4
2052578 241.8 j8.8 1222054 J7*1 4598 1385277 154.8 37.4
2051510 241,6 18,8 1222934 j7,1 45,7 1384575 J54.8 17,5

125 4 4 2 241.8 18.9 1723816 17,1 45.6 1383875 j1547 37,5
2 u4 93 7 5 241.8 18.9 J224698 J7, 1  45,6 1383176 154,7 37.5

2 2o44308 241.9 18.9 1225581 17,1 49.5 1382477 154.6 17,5
2o47242 24J,9 18.9 1726465 J7,1 45,5 1381780 154,6 37.6
2046175 241.9 19.0 1227350 j7.j 45,4 1381083 154,5 37,6
20451 10 24J.9 i,9.0 1228235 17.1 45,4 13 8 n3 88 154,5 17,6
2044044 241.9 19.0 1229122 17,1 45,3 1379693 154,4 37,7
2042979 242.0 1.9.0 1230o09 17.j 45.3 1379000 j54.3 37.7
204191 4 242,0 19.0 1230897 17,1 45,2 1378308 J54,3 17,7
2140849 242.0 19.1 1231786 j7,4 45,2 1377616 154.2 37,8
2rJ9734 242, 19.1 1232675 17,2 45,1 137A925 154,2 37,8
2o387?0 242,0 19.1 1233565 17.2 45. 1376236 15,J 3718
2097657 2421 19.1 1234457 17,2 45, 0  1315547 154,1 37,8
2036593 242.1 19.1 1235349 1792 45.0 374860 154: 37.9
203553o 242.1 19.2 1236242 17.2 44.9 1374173 154 17.9
2034467 242,1 19,2 1237136 17,2 44,9 1373487 153.9 37,9
2033404 242.1 19.2 1238031 17,2 44,8 1372803 153.9 38.0
2o32j4i 242,2 19.2 1238926 17t2 44,7 1372119 J53,8 38,0
2 312d 0 242,2 19,2 1239822 17.2 44,7 1371437 153.7 38,0
2030218 242,2 19,3 1240719 17,2 44.6 1370755 153.7 38,j
2029156 242.2 .93 1241617 17,2 44.6 1370074 153.6 38.1
U28005 242,2 j9.3 1242516 17,2 44,5 1369394 153,6 18,1
2027034 242,3 19,3 1243415 17,2 44,5 1368716 153.5 38,2
2025974 242,3 19.3 1244315 17,3 44.4 1368038 153,5 38,2
2024913 242,3 19.4 1245217 17t3 44o4 1167360 153.4 38.2
2o23853 242,3 1.9,4 1246119 17,3 44,3 1366684 153,4 38.2
2n22793 242,3 19.4 1247022 17.3 44,3 1366009 153.3 38,3
2021734 242,3 J9.4 JP47925 17,3 44,2 1365336 153.2 38,3
2020674 242,4 j9,4 1248830 17,3 44,2 1364663 153.2 38,3
2019615 242,4 19,5 1249735 7,3 44,1 1363992 153, 1  38,4
2018557 ;?42.4 19.5 1250641 17.3 44o1 1363321 153. 1  38,4
-.2oJ7498 242,4 19.5 1251548 17,3 44,o 1362652 153.o 38,4
2-OA44o 242.4 19,5 1252455 17,3 44, 0  1361983 153. 0  38.5
2015363 242,5 19.6 1253363 17.3 43.9 1361315 52.9 .18.5
2014426 242,5 19,6 1254272 J7.3 43,9 13 6n6 48 152.8 38,5
2o13269 242.5 19.6 1.55142 .7,3 43,8 1359982 152,8 38,5
-2012212 242,5 19,6 1256092 17,3 43,8 1350318 152.7 38,62n1 5 6 242.5 19.6 1?57003 17.4 43,7 1358654 52.7 18,6
2010100 242.6 19,7 1257916 17,4 43,7 1.17992 132.6 38,6
2109044 242.6 19.7 158829 47.4 43.6 357330 52.6 38.7
200 7988 242.6 19.7 1259743 j7,4 43,6 1356669 152.5 38,7
2.)06933 242.6 19.7 1260657 17.4 43.5 1356010 j52,4 38,7
2UO 5 878 242,6 19.7 1261573 J7,4 43,5 1355351 152.4 38.8
2004823 242,7 19.8 1262449 17,4 43,4 1354693 192.3 38,8
200 3768 242,7 19.8 1263406 j7,4 43,4 1354036 152,3 38,8
2002714 242,7 19.8 1264324 17,4 43,3 1353380 152,2 38,8
2001660 242,7 19,8 1265242 17,4 43,3 13 5 2725 152,2 38,9
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,EnDETIC SEU"k 1iSA 2 SATELLITE POSITION ORHIT V

H M S MS LATITUDE LONGITUDE HtIGHT XE YE
1 14 9 28 348 30*1712 114.6279 9 5569 -2362458,55 .5153421.48 4591j

2 14 9 28 548 39,817 JJ4,6221 Y25574 -2361591.78 .515901,79 45920

3 14 9 28 748 3gl9P± it4,6164 V?5579 -2360724,59 -5152381,43 45931
4 14 9 28 949 30.o45 114,6106 925583 -2359857,29 -51 51 86 0 .b2 45941

5 14 9 29 149 39.2J29 114.6048 V95588 .2358990,14 .515,339,90 45951
6 14 9 20 348 39,2234 ±±4. 5 9 9 0 925592 -2358122,6i 515A818.50 45961
7 14 9 29 548 39,2338 il4,5932 9;,5597 -2357255.07 .5150296,99 45971

14 9 2 Q 748 39,2442 114,5875 9;5601 kS56387,4b -5149775,42 45981

9 14 9 29 949 3Q,2546 114,53817 9,5806 -2355519.79 -5149253.82 46001
Ig 14 9 3 0 149 39,2651 j14.5759 925610 .2354652,22 .5148731.72 46011
1i 14 9 30 348 39,27S5 J4,571 9,:56 15 -2353784,45 .514m209,62 4600
1P 14 9 30 548 39,2AS9 114.5643 9 5620 -2352916.5o -5147687.15 46031
1 14 9 3 748 30, 9A3 J14.5585 9?5624 .235204a,46 .5147164.85 46o4 1

14 14 9 30 949 30,6068 jj4.5527 9P5629 -235180.26 .5146642.36 4605:
45 14 9 31 149 39,,1172 114,5469 YP5633 .235 0 31.8'b .5146119,92 46061
16 14 9 31 348 39,3276 J44,5411 95638 -2349443,51 -5145597.12 4607g
17 14 9 31 54A 39.33A 0 '14,5353 9,!564; -2348575,07 -5149073.66 460A'
lb 1-4 9 31 74A 393484 114,5295 Y;15647 -2347706,4o -5144550.37 46091
19 14 9 31 940 39,.3589 114,5237 V25651 -2346837.85 -5144026.95 46101
20 14 9 32 j49 39,3693 114.51 7 9 9?5e5t -2345969.0 -5143593.54 4611,

21 14 9 32 34P 39,3797 114,5121 9?5660 2345100.14 -5142979,68 4612;
22 14 9 3? 548 39.J901 114.5063 91566b -2344261.16 -5142455,51 4613;
23 14 9 32 74A 39,4005 114.5n05 925671 -2343361.95 -5141931.20 46144
24 14 9 32 949 39,4110 114,4946 Ye5674 2342492:.46 -514146.8 1 4615,
25 14 9 .3 149 39.4214 114.4888 925679 -W3462,296 -514n882.5 4  466,
26 14 9 J3 349 39,4318 1±4,4830 Y?5683 -234 0 753,47 -514358 .16  4617,

27 14 9 33 S48 39.4422 114.4772 9?5686 -2339683.i -5139833,18 461l!
28 14 9 33 748 39,4526 JI4.4713. 9 569e -2339014,11 -5139307.72 4619!
29 14 9 33 949 39,4630 114.4655 9:5697 .2338144,45 -513782,54 462n!
30 14 9 34 j49 39,4735 114,4597 YV.570e -2337274.66 .b13e257.16 462t!
31 14 9 34 34A 3904839 114.4539 'i5706 -2336404.74 -5137731,04 462?l
3 14 -9 34 54F 3o 4943 14,4460 -5'10 -2335534.51 .5137204.52 46231
3 14 9 34 74P 30.5047 14,4422 Y5715 .23346h4,34 -5136676,30 46241
34 14 9 34 949 39,5151 114,4364 925721 -2333793,9 .5j36151.64 4625,
3S 14 9 35 149 3 ,b256 11404305 9f5714 .2332923.06 .5135625.59 4626
3 i P 4 9 3% 344 39,5360 114,4247 9/ 529 -23320!)1.9h -513 099.20 4627
37 14 9 35 941 39.5464 1±4.4188 ye5734 -2331180.d8 -513a572.87 4628
3h 14 9 35 748 39,5568 114,4130 9'573h -23303119.6' .5134046,21 4629
39 14 9 35 q49 39,5672 114.4071 Y25743 .2329438,39 -5133519,16 4639i
4a 14 9 36 149 39,5776 114°401. 9.'574b -23285h7.2i, -5132992,11 46311
41 14 9 36 340 39.1580 1.4,3954 ,.57 52 .2327696,14 -5132464.47 465

42 14 9 36 548 3Q5984 114.3896 9;5757 -2326b25.13 -513J936.43 4633
4J 14 9 36 748 39,609 114.3837 IeS761 -2325953.84 -5i3i4n8.1 3  4634
44 I4 9 36 949 39,6193 114,3779 925766 -232506 2 .50 -5t3n80A,18 4635
45 14 9 37 t49 39,0297 114,3720 92b771 -232421o.96 -513n3 5 2.3 7  4636
46 14 9 37 34A 3Q,6401 jj4,3 6 62 935775 -2323349.07 -512')8?4.05 4637
47 14 9 37 55q 19,65n5 j14,3603 95780 -2-322466.84 -5129295,49 4638
48 14 9 37 75n 39.66o9 114,3544 9)5784 -2321594.36 -5128766,70 464f
4q 14 9 37 949 39,6713 114,3486 9/578 -23207?1,72 -5121238.17 4641
50 14 9 3A 149 30,6R7 154.3427 9,5794 -2319849.1? -5127708.68 4647
51 14 9 3A 35 t 39,f921 ±14.3368 9. 579ti -231A976.55 .5127178.b7 4643
52 14 9 3R 55o 39,7026 114.3309 9e502 -2 3 1H0 3.,97 -512664,43 4644
53 14 9 394 75n 30:713 11j4,3?51 9Z5807 -2317231.34 :512A±Ib.19 4645
-54 14 9 38 949 3977 ±1 4.3192 Y28-2316358,7o *512558b.09 4646



7' SATELLITE POSITION ORHIT 1319
PAGF 4

XE YE ZE EO, VELOCITY
2458.55 -5153421.48 459j,765.12 4335 260n 5155

*591.78 :515790j,79 4592795,9i 4335 2601 5t54
b724,59 -552381,43 4593826,59 4336 2603 s1t5
9857,29 -515 1860 ,b2 4594857.14 4336 2604 5152
B990,14 -5151339.90 4595887,54 4337 2605 5152
6122.6i -515n88.50 45969J7.93 4337 2607 501
2*5,07 515296.99 4597948, 4 4338 2607 50

,6387.46 5149775.42 4598977, 6 4338 2608 314
-5t9.79 -5149253.82 4600007,62 4339 2609 5148

652.22 -5148731.72 46010 3 7 .19  4339 261o 5147
1.784, -514 209 62 46066.59 4340 2611 5146
2916.50 -5147687.15 4601095,66 4340 2612 5145
204846 -5147164,85 4604124,53 4341 2612 543

.180.26 -5146642,36 4605153.07 4341 2613 5142
5311,8b - 146119,92 4606181.26 4342 2614 5141

9443,51 -51 455Q7. 2 4607209.31 4342 2615 S140
,575,07 -5149073,66 460 A2 37.3 4343 2616 5139
,77066 -5144559,37 4609265.11 4343 2617 5j38
6837,85 -5144026,95 4610292.57 4344 2618 50389 6 9 ,0t -5145503,54 4611320,03 4344 2619 5137
100.14 -5147979.68 4612347,44 4345 2620 5136
4231.16 -514?455.51 4613374,71 4346 2620 5135
361.91 -514193i,20 4614401.71 4346 2621 5t34
1492946 -5 1414n6,81 4615428,3e 4347 2622 5133
ti6?2b9- -514f,882,54 4616454,6% 4347 2623 532
0753,47 514A358.16 461748 0 ,7h 4348 2624 5t31

-8%.81 °5139833,18 461F0,A294 4348 2625 S130
-01.4.1 -5139307.72 4609533°o7 4349 2626 5t30

144, 4 5 -513R782.54 462n558.82 4349 2626 5t29
274 .6 -513A257.16 462JS84047 4350 2629 5128
404:74 .5137731.04 462761o,15 4351 2630 5j27
554-51 -5137204.52 4623635.84 4351 2630 5127
6h4.34 .5136676,30 4624661.17 4352 263t 5126
3793.b9 .5136191,b4 4625686.3o 4353 2632 525
2923.06 -5135625.59 4626711.05 4354 2632 5t23
201.9M -513'N099.20 4627735,56 4355 2633 51.22
180, 8 8 -5 13A57 2 .87 4628759.84 4355 2633 5t2103o9. 66, w5134046.21 4629784.o3 4356 2635 5120
4:8,39 -5133519,16 4630808,05 4.356 2636 itig
657.2 1 5 13P992.1' 4631831.73 4356 2637 5119
.696.14 -5132464,47 46J2855,23 4.556 2639 5t17
825.13 -513j 9 36, 4 3  4633878.53 4357 2639 5116
953.84 *5131408.13 4634901.64 4358 2640 5,15
012.50 -5t3n80.ie 4635924.49 4358 2641 5114
2-10.9d -513n352,37 4636947.21 4359 2641 5114
3,$9.07 -5121824.05 4637969,84 4360 2643 1113
A6,84 -5129 2 95.49 4638992,36 4361 2644 5112
594,36 -5128766,70 4640014.77 4S62 254- 5112
07?1. 72  -52238,17 4641037.09 4362 2646 1i11

4849.1) -5127708.68 4642059.34 4363 2647 %1o
976.55 -5127178.,7 4643081.35 4363 2649 5100
'1-3.91 -5126648,43 4644103.22 4363 2-50 5108
723. 1, 4  :12116.19 4645124.70 4363 2651 5 7
358.7o 5255Ab.09 464645,99 4363 2652 5j06
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'-EODFTIC SEC(;R ,JSA 2 SATELLITE POSITIN OROIT

TROPO. REFk. C"-RR. MEASUREU IC COMPUTED I1 14.3 4.7 7.9 3.1 25,5 25.2 36,2 16.0 64,6 ?3,4 37.7 ±5,
14.3 4.7 7,9 3.1 26,.' 24.5 35,5 15,3 6445 23.4 37.7 15,4 14.3 47 7.9 1 118s4 24,5 35.5 0S.3 64.4 23.4 37.7 15,A 14.3 4.7 7.9 3.1 75,5 25 2 36,8 ±6.0 64,3 ?3.4 37,6 I5-

6 4.3 . 7.9 3- 23.8 36,8 15.3 64,2 P3.4 37.6 15,6 14 2 4.7 7.9 3,1 26.; 252 355 140 64 2
7 14. 4.7 7,8 3 1 99,1 25.2 36.2 14.0 64 23.4 37.6 15.

C 14.2 4.7 7.3 3,1 3n.? 24,5 36,8 14,7 640 23,4 37.5 15.

14.2 4.7 7,8 3.1 27.1 25.2 3i,5 14.7 63.9 p3,4 37,5 15,10 41.2 4.7 7.8 3'1 125.5 23.8 37.5 14.7 63.8 ?3.3 37. t, .11 1 4 .1 4.7 7.8 3. 86,. 24.5 35.5 15.3 63,8 ?3.3 37 , S 5.±2 i4.1 4.7 7-8 3.1 64#6 24.5 36.2 16.3 63.7 23.3 37,4 15.,
14.1 4.7 7.8 3.1 39.) 23.8 36.2 14.7 63,8 23.3 374 15.'

14 14.1 4.7 7,8 3.1 34 ' 24.5 36,8 14.7 63.5 23.3 37,4 15.1

3. 141  4.7 7,8 3.j 27@j 23,8 36.2 15,3 63.4 ?3.3 37.3 15.!16 14.0 4,7 7 ,8 3.1 22.2 24.5 36.2 10.7 63.4 ?3.3 37.6 i15,1 14.0 4.7 7,8 3.j 20. 23 . 362 lh.,n 63.3 23.3 37,3 15,!14 .0 4.7 7.8 3.1 8,2 24,5 33,5 16,0 63.2 73.3 37.3 ±15,19 14.0 4.7 7.8 3.1 22,. 23,8 15.5 ±6.7 63,j 23.3 3712 6,7'
21 13.9 4.7 7.8 3.1 51 . 25,2 36,8 lo.7 63,0 73.3 37,2 t 521 i.9 4.7 7.8 3j 1 76,6 23.8 36.2 16.0 63.0 23.2 37.2 1b'22 13.9 4,7 ?.8 3,1 97.5 25.P 36.2 16.0 62.9 P3.2 '7.i 15,!23 3.9 4.7 7.7 3.1 36 . 23. 36,2 1-.3 62,8 ?3.2 37 15,!13.9 4.7 7,7 3.1 12,n 25.2 31, j",3 62.7 23.2 37.1 15,!25 13.g 4,7 7.7 3.j 52.8 23.8 36.2 14 627 23.2 7 1 5.d26 ±3.8 4,7 7.7 3.1 94,'3 25.2 36.2 16.n 62.6 23.2 37.1 15,.27 3.8 4.7 7,7 3.1 36,2 24,5 36,8 ±8.0 62 23.2 37 0 5.E2 1 P3.8 4.7 7.7 3.j 18,2 25.2 35.5 16.7 62.4 '3.2 37.0 15.029 13.8 4.7 7.7 3.1 66,,0 25.2 34,8 16.0 62.3 23,2 3 0 .
30 t3.8 4.7 7.7 3.1 109,# 24.5 35.5 ± ,3 62.3 23.2 369 15.1
32 ±3,7 4.7 7.7 3.1 13u.n 25.2 3i.5 14.1) 62,2 '32 36.9 ±5.f32 13,7 4.7 7.7 3.1 1 8,iH 24.5 35,5 14.0 62.1 ?3.2 36.9 15.133 13.7 4.7 7,7 3.1 28,8 23.8 36. 2 b.3 62,0 23,j 36.9 i .S
34 13.7 4.7 7,7 3,1 68.? 23.8 35,5 15.3 62.0 23.1 36.8 15.e35 13.7 4.7 7.7 3. 1 95. 23.8 35.5 14,7 61,9 23.1 364b 15.o3t- 13.6 4.7 7,7 3.1 122.h 24.5 34,8 15.3 61.8 23.1 36.8 15.
37 13.6 4.7 7.7 3.1 21,5 23.8 36.2 16,j 6j,7 23.1 36 j5,3? 0.6 4.7 7.7 3.1 6.n 24.5 36.2 1b6. 61o7 ?3.1 36,8 15,f
39 13.6 4.7 7.6 3.1 14#? 23.8 34,8 16.7 61.6 23.1 36,7 -15.13.6 4.7 7,6 3.1 12,d 23.8 36,8 15., 61*5 23,1 36,7 j5i41 13.5 4.7 7,6 3.1 18,8 24.5 36,2 16.0 61,4 P3,1 36.7 j5.442 3.5 4.7 7,6 3.1 18. 24.5 36.2 16.7 61,4 23.1 36.6 j5,o4 3 1.3.5 4.7 7.6 3.1 22.2 23.8 3'.,5 j5,3 6 3 ?3.j 36 i $.3.5 4.7 7.6 3,j 120i 24,5 36,2 15.3 61,2 23.1 36,6 i64', 13.5 4.7 7.6 3.1 15 1 24.5 36.2 16.7 61,1 73.0 36.5 15.6
46 1.4 4.6 7.6 3.1 7 b 24,5 36.8 j5,3 61.1 . 36, 6
47 13,4 4.6 7.6 3=: 2 15' 24.5 365 ,3 61.1 P3.0 36.5 1
48 3.4 4.6 7,6 3ol 410- 24.5 36.8 0* 3 0 9 23.0 36.5 15.6
49 13.4 4.6 7:. 3,1 12212 24,5 36i 1 608 ?3.0 36.4 15.613.4 4,6 7.6 3.1 12, 23,8 35.5 16.0 60.8 ?3,0 364 $s 6

51 13.4 4,6 76 3.1 99,' 23.5 36.2 067 60.8 23, 0  36,4 15,6
5 16.3 4.6 7,6 3.1 70, 245 3,2 16o 60.6 ?3 00 36.4 15.6
5 13,3 4.6 7.6 3, 32.e 23, 35,' jb,7 60,5 36,3 5.754 13,3 4.6 7,6 3.j 16.2 23.2 36.2 j5,3 60,5 P3 0 36,3 1,7



-- Z

2 SATELLITE POSITInN ORBIT 1255
SUE CPAGEURN IC 64,6 COMPUTED IC TRANSIT TIME CORR..2 16.04 37.7 t5,5 587 -21.2 -39,9 7,60,5 15 .3 64,5 23.4 37.7 15.5 -55,7 -2t4? -39 9 7.7.5 15,3 64.4 23.4 37.7 15.5 -5506 -21.1 -39.9 7.8
-8 1.10 64,3 ?3.4 37,6 15.3 -55,6 "21,1 39.9 7,m,8 13.3 64.2 ?3.4 37.6 15,5 -55.6 "21.n -39,8 7.9.5 14.0 64.2 23.4 37.6 15.5 051.5 "21.0 -39.7 A.002 14.0 64.1 73.4 37.6 15.5 055,5 -2o,4 -3997 .n
.9 14.7 64.0 P3.4 37.5 15.5 -55.9 -20.9 -39.7 '.t-,5 14,7 63.9 23.4 37.5 15.5 -55.4 20o,8 -39.6 8*,5 14,7 63.8 23.3 37.5 15.5 -55.4 *2n. 7 -39,6 1.3.5 15.3 63,8 ?3.3 37,5 15.5 "5'o4 "20,7 -39.5 ;1,2 13,3 63.7 23.3 37.4 15.5 -55.4 -2n.6 -39,5 8,4V.2 14.7 63.6 23.3 37.4 15.5 53 *20#6 .39,5 p1,8 4 .7 63,5 93.3 37,4 15,5 3 w20,5 -394 8,57s2 15.3 63,4 73.3 37.3 15.5 -5.3 "2o, 5 -39.4 1.6*2 lo.7 63,4 23.3 37,3 15.5 -55*2 4,2,4 -39,4 8.7.92 16.p 63.3 23.3 37.3 15.5 -51).2 -2o.3 -39.3 8.7",5 16.0 63.2 73.3 37.3 15.5 .5'.2 -20.o -39.3 A.8.5 1.6,7 63.1 23.3 37,2 1b.5 -55.2 -2no2 -39.? 8.9-.8 16.7 63.0 P3.3 37.2 t595 -55,1 -20,2 -39,? 8.9:2 16.0 63.0 23.2 37.2 15.5 -55,t -20,1 -39,2 9.O102 1.0 62,9 3.2 37.2 15.5 055,1 20.t -39,1 9.1i2 15.3 62,8 ?3.2 37.1 15.5 -55.0 -20.0 -39.1 q.t5 1..3 62.7 23.2 37.1 15.5 55.0 "20,0 -39.0 9.2j2 14.0 62.7 23.2 37,1 15.6 .S-.O -19, .390 9.32 16.n 62,6 73.2 17,1 15.6 "5 5.0 "19.8 -39. 0  9.5*a le.0 62.5 ?3.2 37.o 15,6 054,9 o19.8 038,9 9,45 16,7 62.4 P3.2 37,o 15.6 -54,9 -19,7 -38,q Q.58 16.0 62.3 23.2 37.0 1.6 .546Q -19.7 -38.9 Q.i'5 1to.3 62.3 P3.2 36,9 15,6 w54o8 "19.6 -38,8 9o65 14.1j 622 3 2 369 ib6 -548 -19,6 -38.8 97
5 . 62.1 3,2 36.9 15.6 -54.8 -19 5 38 8 9 7
.2 14,3 62,0 23,2 36.9 15.6 -54,8 -19#5 -38,7 9 R
2 15.3 62,0 P3.1 36, 15.6 -547 4 -38.7 9,
!i5 4 7 619 ?3.j 36U 15.6 w467 "19,3 -38,6 9A

'$ 15.3 62,8 23.1 36,8 1.6 ~ '1. 3,,516.0 6.7 23.1 36 1 5.6 -54.6 "49 t2 -38, 19.12 14.0 61.7 23.1 36,? 15.6 -54,7 o19t2 -38,5 1ti.t
8 16.7 61.6 73.1 36-7 15.6 -54.7 -19 e .38,5 n.?2 16., 61.5 P3.1 36.8 15.6 -54.6 -19.1 -38,4 n.3
2 1*5,0 61,4 23,1 36,7 0S,6 -54,6 -38.5 o,16.nl 61o4 23.1 36.7 15.6 -5466 -19.0 .3mo 4  10.3
2 16.7 61.4 23.1 36.6 15,6 -545 018,9 -38,4 i-n. 4J5.3 61,3 P3.1 36,6 15,6 -54-5 "18,9 -38.3 In.512 l,1 61.2 ?3.1 36,6 15,6 -54,5 "18.8 -38.6 I.516.7 61,1 73. 0 36.5 15.6 -54.4 -18.8 -38.3, 10,6! 15.3 6191 23. 0 36.5 15,6 *54, ,7 -38.2 IO+

61,0 23.0 3a,5 15,6 -54o" -18,7 -38.2 1 .78 14, 3  60,9 P3. 0 36,5 15.6 o54,4 -18,6 -3t. 10.16. 6O o 0,8 ?3.0 36.4 15.6 -54.3 -18.6 -.3e.1 In.816.0 60,8 23. 0  36.4 15.6 o54o3 -18,K -3m.1 30.916,,7  60.7 23. 0  36.4 15.6 &54,3 °18, 4  -31,n ,
,2 1..o 60.6 23,0 36.4 15,6 -54. 184 -38,O 11.n10. 60.5 pa. 0  36.3 15-.7 o54.2 -18.3--38. n 11,1
2 0,3 60.5 ')3.0 36.3 15.7 -5,2 -i8,3 -37,9 11.2
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'-,nDETIC SECOR USA P SATELLIT POq1TflN OHRI

LbSO OF PERMUTED SOLUTIONS VkRIATION OF PERMUTPD SOLUTIONb FROM LSSO COMI
1 3Q.12 114.6270 97517a 90000 .0000 -1 .0000 "0000 1 ".0000 .1

-ig.1617 114.6221 9257S 0,0000 .0000 "0 .0000 ".0000 0 ".0000 $
- 39.1.921 114.6164 925579 .0000 40000 -0 .0000 ".0000 0 0.0000

*35.?025 114.6106 925t84 .0000 .0000 "0 .0000 ".0000 0 ".0000 0
6 9.2129 114.604 925I'8R .0000 .0000 "0 .0000 "#0000 0 -.0000 .'6 3C,2234 114.5990 925)91 s o00o .0000 "1 .0000 -.0000 1 "0000 1

7 3c2338 114.5932 925597 .0000 .0000 "1 .0000 ".0000 1 -,0000 91
S39,:A442 114.5874 92500? .O00U 0000 "1 .0000 ".0000 1 ".0000 o
9 3C.2546 jj4.5817 925606 .0000 00000 "0 .0000 ".0000 1 -00o0 el

10 69.P651 114.5759 925611 .0000 .0000 "1 .0000 ".0000 1 ".0000 4111 59.?745 114.5701 92561fA .0000 .0000 -1 .0100 ".0000 1 -.000012 39Pb5'g 114.5643 925t2 0  .0000 .0000 "1 .0000 ".0000 1 "'0000 I13 9)P9A3 114.5589 925625 00001) .0000 -1 .0000 ".0000 1 ".0000 0
14 39.3068 114.5527 975620 *000J 0000 '1 .0000 ".0000 1 "0000015 9.3172 114.5469 925634 .0000 .0000 -1 .0000 ".0000 1 ".0000
16 3Q.3276 114.5411 9P5b3OO .0000 000 "0 .0000 "-0000 1 ".0000
17 39.3380 114.5353 925643 .0000 .0000 -1 .0000 -.0001 " 0000
18 .39.3494 114.5295 925147 .ouo 0000 0000 000 .0000 1 ".000019 39,A589 114.5237 97565P .0000 .0000 "0 .0000 ".0000 1 " 0000
2n 49.3693 114.5170 925656 .0000 .0000 "0 .0000 -.0000 0 "lOOCO
21 3.797 114.5121 925661 .0000 .0000 "0 .0000 ".0000 0 ".0000
22 39.1901 ±14.5063 925b6;5 0000 .0000 "0 60000 ".0000 0 ".0000
23 39.4005 114.5004 925670 ,0000 .0000 "0 .0f00 -O00ou 0 -.0000
24 39.4110 114.4946 925674 ° 000 .0000 "0 .0000 ".0000 0 ".0000
25 69.4214 114.4888 925679 .00;js .0000 "0 .0000 -.0000 .0 -.000026 3q,431 8 114.48,0 925683 .°0000 00000 0 .0000 .ooo0 "0 .0000 .
27 '9.4422 114.4772 925688 '.OOOa ".0000 0 ".0000 .0000 "0 .0000 "28 39.452 6 114.4713 925C;92 ".OOUO ".0000 0 -. 00011 .0000 "0 .0000 "
29 39.463o 114.465-5 925o9? ".0000 4,0000 0 ".0000 .0000 "0 .0000 "3q 6C.4735 1414.4597 925701 .000 ".60000 0 -.0000 .0000 -o .0000
31 9,.4839 114,453Q 9 5706 "6O0064 ',0000 0 ".0oo .0000 *O .0000 "
3? 39,4943 114,4480 925711 .0000 .0000 "0 .0000 ".0000 0 ".0000
33 39.5047 11444422 92571.6 .0000 .0000 -0 .0000 .0000 0 -.0000
34 39,5151 114.4364 925720  .0000 ,O00 -1 .0000 -90000 1 ".000035 39.4256 114.4,05 925720$ .oo 0 .0 000000 .0000 1 000000
36 39.5360 14.4247 ?2572Q .OOUO .0000 0 .0000 ".0000 j -0000037 39.5464 i44.43,8R 925734 *00000 0000 "o .0000 "°000 0 ".0000
38 39#9568 114.4i3 925738 .OUO .0000 "a .0000 .0000 0 "'0000
39 39.5672 114.4071 925743 ".0000 ".0000 0 ".0000 .0000 "0 .0000 .4 0 39.9776 114.4013 925748 ".00000 000000 0 "0000 .0000 "0 .0000 "41 39.'5880 114,3954 92575P 0.0000 ".0000 0 "'0000 '0000 "0 .0000
4P 39.S984 114-.3896 925757 w 'OOUU "90000 0 "60400 40000 "0 .0000 ",43 39.60ng 114.3837 925761 .0000 .0000 "0 °00r "'00000 0 ".0000 0
44 39.6193 -14.3779 925766 "$0000 "$0000 0 .0000 .000 "0 0000 ".

45 39.6297 114,372o 925770 ".0000 ".0000 0 ".0000 .0000 "0 .0000 "°
46 49.6401 114.366P 92577' ".0000 "0000 0 ".0000 .0000 "0 .0000 ".
47 69.65-05 114,It03 925780 ".0000 ".0000 0 ".0000 o0000 -0 .0000 ".
48 39.66ng 114,3544 925784 *,OOuO "oo00 -0 ".0000 0000 "0 .0000 "00
49 39.-:713 114.3486 925789 ".0000 0.0000 1 ".0000 .0000 -1 .0000 ".
55 39,idll 114.3427 925793 O.00o ".0000 0 ".0000 .0000 "0 .0000 ".51 S9, 921 114.3368 925798 ".0000 ".0000 0 ".0000 .0000 "6 90000 w.
52 39.7026 114.33 0 9 9251o0 .00000 000 "0 .OOOO "00000 o ".oo053 39,7130 114,3291 925MO7 .0000 .0000 "1 .0000 ".0000 1 ".0000 '

54 39.7234 114.3192 925k-i2 .0000 0000 "1 00000 .000 1 "10000



SATELL!TI. POqITIncN ORRIT 1.319
PAGF 4

I ,PERMMTF0-SOLUTIONSTRFOM LS.SU cONSINA'lJCN
"-1 00000 00000 1 -.0000 D0O00 0 p.0000 1.0000 .0
"'0 .0n00 -.0000 0 "10000 .0000 0 !0,000 -#.0000 0
'o .0000 -#0000 0 -.0000 '0000 0 W"0008 '.0000 .
'0 --coon) -.0000 0 -4.0000 .0000 0 000006 '.0000 "a
'0 0000 -0OOOO a '00000 0000 0 -00006 -*DODO

'j .0000 "'0000 1 "40000 .0000 0 '.0000 -.0040 0
ft1 .-000 -.0000 1 "00000 .0000 0 0'0000 000 10
--1 .0000 '.0000 1 '.0000 60000 0 ".0000 -.00060 '
"0 IO0-00 li.0000 1 ".0000 .0000 0'* '0000 '.0000 0
,' 00 00 --.0000 1 -.0000 .0000 a0 .0000 VO0000 WO
*± q~ .00 .6000 1 '.ooo 0000O 0lW,''000 '0000 -0
'1 ,.0000 -.0000 1 -.0000 .0000 0 '.0600 -.0000 w0

00,00~o'a -60000 1 -.00D0 .0000 0 0000 -.0000 on
'1 000 -.0000 1 .40000 DO000 0 04'0000 090000 ac

-ano -$G0'.OOD 1 -.0000 .0000 -.00 .0000 .0
'0 .0000 '.0000 1 "06000 toono 0 -.0600 -.0000 W0
-'1 .0000 '.0000 1 '.0000 $Coco 0 0,0000 '.0000 WO
>1 .0600 '.0000 1 '.0000 .0000 0 000 '0000 W0
i" 0.0000 0.0000 1 '.0000 .0000 0 000000 '.0000 00
i-o .:0000 '.0000 0 -.o06 -000o 0 '10000 ".0000 W.0
'0. 00'0000 0000 a .0000 .0000 0 ''0000 '.0000 "'0

~'.0 .0000 .fl000 0 '00000 .0000' 0 '000000 0.0000 0
,'0 0000 -.0000 0 -.'0000 .0000 0 '00006 -.0000 ac
I'D0.0000 '.00000 0 '.0000 .0000 0 '.0000 re.0000 '0
Q0 0o o0~ '.10 0000 0 '0 00 00000 0 . :0 0 00 .0 b00 '0a
0 -.OOO0 00000 '0 .0000110.0000 -0 .00-00 .0000 0
0- .0001f .0000 "0 .0000' 160000 -0,0 DODO .00 0
0 --0006 .noce -0 4o00o '00o00 '0 .0000 00000 a
0 '.0,000 .0000 '0 .0000 0.0000 '0 -.000,0 .0000 0
~0 "00 00 t00'00 '0 DO -0000 OOO '0.0-000 #.a000 0

-0 -.OO0000'0 .00.00 ".0000 00.0000 .DD 0000 0
000 o -0'0000 0 '.0000 .0000 0 0.0000 040000 "0

'0 .0000 -6000 0' "00000 .0000 -0 100'0000 OD0"
.0, 0000 '.00010 1 '.0900 D0000 0 ''0000 '.0000 '0

"'0 .00,00 '.0000 1 -.0000 .0000 0 .0000- '-*000co
'0 .0000 -.0000 0 "00000 .0000 0 "'.000 '00000 '

- 0 000 '.0000 0 0'0000 -0 .0000@DO 0 '00000 ''00'00 '0
0.0000 '00000 1 'e0000 .0000 0 "60000 '.0000 '0

-0 -.0000 .0000 'a0.0000 '-A000 '0 .0000 9,0000 0
'0 -.QcO000'0 .0000 ''#GOD-0000 '0 '0000 .0000 0
0 ".0000 .0000 'a0006OO '.0000 '0 *0000 -'0000 0
0 -000o '0000 0 00000 ".0000 0 .0000 $00"I110

:Q .0000 '00000 0 '.0000 '0000 0 '-0000 -9-0000 an
0 '-0000- .0000 *O 000o0o- 'oooo '0 .0000 .0000 0
0 '.boo0000 00 0 .000-0 m' 000 '0 .0000 .0000 0
0 '.0000 .0000 "0 @Cc .0000000 0 "000 $,0000DD 0
'0 -.0000 -0000 '0 .0000 0#0000 '0 .000 000.ooP 0
0,-'.0000 .0000 -0 00000 -$.0000 ' 0000 $0000 0
1 .0000 .0000 01 000'00 'eoo0 .0000 0000 0

S0 --D0000 a0000 '0 00000 '00000 '0 .0000 .000-0 0
"0 '.,0000 00000 '0 90000 0.00040 '0 60000 .0000 0

.09 _6066 a:' '.0000 .000 0 "$0000 -*0000 "0
''0 -000 1"0000 .0000 0 '.0000 -$DOOO

'i .0000 '.0000 -1 ''0000 -0000 0 "'.0000.00-0000
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S4 3-3 CORDEX Solutioii. The 3--3 CORDEX, solution (program PASS4)

li-S'ts a su nmar, oir'-esults followedby a listing of each, discrete solution.

TMI, M , TM3 These three rows indicate for each-time span used:

I. the first time in h ,trs, minutes, seconds, and

milliseconds

.2. the last time in-hours, minutes, seconds, and

milliseconds

3. the time between samples in hours, minutes,

- - seconds, and milliseconds

4. the logicil tape unit on which the sa-tellite

$position tap& was mounted-.

:FST INPUT Latitude, west longitude, and height of the CORDEX

station input'(survey values) in units of degrees and

meters

FST AVER Latitude, west longitude, andeheight of the CORDEX

statiori-detcrmined by aeraging all, the discrete

solutions inunits of degrees and*meters.

FST BIAS Difference between the survey and the average codrdi-

-nates of latitude, west longitude, and height in units

of degrees and xmeters

RMS ERROR The rms of the-deviations of each solution- from the

average solution. Units are degrees -and meter s.

The following quantities are listed-for each discrete solution.

SAMP Sample ,number-

S-14
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lATITUDE La vitude, west longitude, _ahd -height of the -CORDEX
.LONGITUDE, stat;ion in.degrees and meters

, H EI[GH T

I3.'VIATION FROM Deviation of each solution- from the inhput survey posi,
INPUT POS[T[ON ',tion in'latitude, wves~t longitude, and'-height

DEV A'ION FROM Deviation of cach solution from the aveiage soluti6n-

AVERAGE POSI- i- latitude, west longitude, and height

TION

*S - 1 5



G-ODETIC SF.rPm LNKNOWN STATJON LOCATION LARGE QUAD

TMI 13 52 2! AQ 1.3 5? 38 92 0 0 0 200 1 FqT lPUT
TM2 ' 3 5? f6 4A 4 r, 86 0 0 0 200 2 FAT AVER
TM3 1,4 F 519 948- .14 0 5 848 (I C n 200- 3 7.9T §IAS
NUMBER OF SA P Ir= 5Mn RMS FRROR

SAMP I ATITJW LONGITtuDS HEIGI-,T DEVIATION FROM INPUT POSITION
I 47.1 P49b lt2.3N635 336.7 -. 0001.6i -. ln 1. -33.7
2 47.t19=nO 11Q.13636 340.7 -.00014 -. a10n1 -259.7
3 47.1 8f9o2 11G. 33637 644.6 -. o 01 1 pno n1 -25.6
4 47. i Ar n5 11 q .3363,A 350.1 .oUO -. O n9 -2o.3
5 47.1 A9Ip 130.33639 35". h -.oO0 n 0o n n Q -14.8
6 47.1,A513 110.33639 361 .A -. 00001 -. OnOA -8.7
7 47.1 A516 1Q..XX639 ,65. .u 0 0 02 -.n0o n aQ -5.3
r 4T. 1 A i 5 11 q. IX639 .364.7 00001 -. 000nn9 -6.3

',.IR97 5 11311639 664.2 .Do001 -. t0ono9 -6.2..
10 47.1.5li4 11o .3V A30 363.a .0OO1 -. 00009 -6.8

z6. m.oln o.flf-6.O8it 4 7. A91 3 11 , 116 3 R f, 2,. I - . 0 0 11 n - .-opn og -8.4

12 47. R'1.3  1 6 3 i63n 360.-6 -. , 00 ". -. 00n±0 -9.8
0 47.1 Ar12 11-3638 .59. 3 --o 01 n. np1 nI -11.114 a 7. P,91 U 1 9o.A3638 .356 . 4-. {,o~. 14 -. n nn I n -14-,2
15 47.1 A5n8 1q;. 363R 3.-.IO10OA -. 00n1I1 -16.0
16 47.1.890 1 Q.333R 352. A -(1 Osj -. aflnn -17.6
,17 4-7. i Pn/ 0 1 '-. 1 .36,38 351.0 -. ,O(7 -. n nnn -19.4
18, 47.1 Ar-n i 116.13637 3510.1 -. oon7 -. o10 nI n -20.4
19 47, 1 57 1 1 C .V637 350.3 -.nO;)f07 -. fl n 1 n -20.1
20 47.1 Ar=f7 11 1.. 6.1-6-3 352. -.- 3 6 0An 6 "a 0 11 -18.1
21 4/. i h08 11 (. - 63Q 353.5 -0• :0 (1J6 . 0 0 9 -16.9
?2 4 7. IPA09 1 1 '4. 71639 355. A -.00005 .0 onoo -14.8
23 47. LA510 1.33640 5e..I; "n o04 --.-o0 R  -1-2.4
24 47.1;R I o I I .133A40 359.7 -. ( El 003 -, 0(1flR -10. 7
-25 47. i',85 I U I1 .33638- .358, . - 00 0 4 -.o (Il 10 -12.3
26\  47. JR 9 10 llc-..1 636 .557 ; -. ( g (I j.4 -. Inn 1 1,3,4
;2-7' 47. I 1 A r 1 .1- 3 6.35 35b .4 -. u 0 ntnj -14.0
28 47.ln=-0 1.1 .. ,33 5 -. 00004 -.,ofn n1 -17.6
2 47.iPS 'J 11'.337 351.6 -. 000n4 -. lni A -18.8
30 47.1 A51U 1 1 k,.3.631 35. -.. 4o 4n1 7 -19.0
.31 47.1 R9. 1 1l. 33632 A52 -. 6 Po 0)4 -. o onlA -17.9
32 47.189N9 13'..3 3P 352.i -. oOOn -. nn c -18.3
33 47. I p11i9 1 1.33633 303; -.GOOnS -o0014 -7.4
34 47 . 1.n;i b 1 1.33635 353. 7 -. 1J06 -. 0 I 3n 1 -16,7
35 47. i A9b 1 1 q. 33636 354.2 -. 1.0006 .-.nn1 2 -16.2
36 4-7.1 A908 1 1..33636 354.1 -. 0000o -. o00" P. -16.3
37 47.1 508 110.3 635 352. -. )(11]06 -. no0n .13 -18.2
38 A7., 1 t n I8 1 1.1'633 350.4 -. 0 000 A -. nn 15 -20.0
39 47.ir)nb I.A632 348. 6 -. 00006 -. 11n A -21 .9
40 47.1A95(7 1 :1 o.33631 346.1 -. 00007 ".(1 A -24.3
41 47.1 Ar,6 119.33631 345, .4 -• . 0 a n8 -oniJA -,25. n
42 4-7.18 907 I 1,c. i.3632 346.11 .-n0]7 " t0oni 724.4
43 47 .-1890 7  13 Q. 33632 346.3 " • u 0 7 -. 010n6 -24.14

44 47. IP 9 n 1 10.,-1633 34 .1 -.-0000 - O , n 4 -24.3

45 4 7.-1 Pn59 110.33635 352.U -. O .nu ". 1013 . -18.4
46 471 I A91, 11 .3363? 356.7 " O0u03 -. o n 11 -13.7-
47 47.1. 514 1 3 U. 3639 362, *.,no0 .onno9 -8.3
48 47. 1 3 6 1 Q.. 363Q 361 .3 ".00011 -. 00 10 n 0 -9.1
4-9 47.1Jfs 12 1 o. N 16 3 359. ".00u02 -.o0n -11.
50 7.1 A-vi 1 110.1 638 350,. 3 "•O03 .0 o n1 n



ATINLOCATION LARGE QUAD 1291L-1167-1319

~200 1 FS -INPUT 47.18514 t! r,' 36 4A .37 n .4
Ao 200 2 Fc C: VER 47,185fl9 11 4:331A r4
tnf 200 '3 BI~ RAS -fon -9.rnV0 64.

RMS FRROR .0 n n3 $600413 1
FAGE

DFVJ AT ION FROM INPUT POS-ITION CFVIATION FFEOM AVF:PAC1F PoSITTON
~-.00016 -n 0 n .33.7 n oI I -flflflfl -17.4
-.60014 (10 111 -24,7 a.0009 -. nhnon -.

4onIn-2 .8 no0.8 . 011 n(I1 -
P-~odU9 a o n n -2o.3 n D'a 0 4 # n 1 Q n -3.
u o 0 0 5 0 n A0nQ 14.8 .0 0 00 . n ) noA 1 .5

~00001 n 0 nA -8.7 n 0 0 0 .h0 0" 7.7
.UO002 -,nonog -5.S .00007 .-a i n A1.

00ooli .0 09 -6.3 o00006 -ooo 0: l01nIo
-. ool 60nog -6.2 .A0~ 000 0100.1 10. 1.

(10on M .0n009 -. 8 .ooo Aoo.
0 p0iP *.fn 0 -8.4 0 .n 5o . .3 n.5

P.0001 ..n nn.1 -9.8 o r an 3 .0000'. 6.5-
0--0.ooAo2 -.On -111 . Ijl 0 li on f)02 l

-,I00114 -.oni n -14.2 .uO l .00i0nn0)P.
-.Ollof IAnonIn 16-.0 .0 0 01 a a n U,, .4

V .11 fl6n nnfaq -17.6 -.0,1002 .'0000) _
.iioijO7 n n n i m -19.4 -'.i)jO2* . 0001 -. 0

-.o 70 n10 n 204 -. 00 000 n-4.fl
-. po0d17 -nnoi n -20.1 -.1,1)0? .0000i -.1.8

0 609 -1.M n-QA 0o00o2 .000i(,P 11
116n n n p -16.9 -. 1106n1 *n n n(1 -. 6

(1000o5 *.-lnl 14.8 _;-n oo 1 n f0 3 1-.6
p 011004 n.0 0 A, -1.2.4 n0000 .10 00A43.9

-.Ll1)rn pn p -10.7 n.n0001. . n n (14 5. -6
P .0 00 n (I poi A -12 .3^ n.01 i0 0102 4.1

I p n 11 -13.4 n.o0a0 1 nn .00 .
-14.0 1 .002 o.oooo01.3

-0140iiS -17.6 n.0001 n-0 04 -
001ii 4 -. i00016 -183.8 nfoooo _.0000J5

*-drorj- 4  -n 0n 17 -19.0 . 0 001 0000o5 -2.7
-.F'0i1i4 -.ndn36 -17.9 no0001 -.onn04 -1.6

COOO" 9 i -18 .. 5 . 1)Io nO - . 6 0 0 4 --. 0
-.0001j4 -17.4 -. 00000-n00 11

~(AltifA _.nl -16.7 -.Aonol -.nnnu -.
-. 0jl n6 - tn fln 1 -16.? - . 1100.1 - .-n0 n.1

-.00006 -.0n1j -16.3 -. 001101 -. 0000') .
-. (11W06 n o n01 -18.2 -nolfln. n 0 2 -1 .-
.00 0A -on ls -'2o.o .n 0 n -.ono3 -3

-. 0000k- no nflA -21.9 ,n 0 0 -. 0 4 -'5.5
o-107 (016 -24.3 nno03 -oo5

.0)8-.non16 -25.n -. 0(1003 .onno5 -8.7
poQ .6o01A -24.4 -,.nooo2 -.00009 -8.0

--.n0n1A -24.1 -. o0002 -.n0004 -7.7
~-.C0000A -. 0(p014 -21.3 -. nn001 -. nno -5.0

G (.000n1 . -1i8 .4 n.0 000 - -no00P0 -2.1
oo0u03 -.00011 n1. 0002 .00001 2).7

>dfulo -.InflflQ -8.3 PnO005 .0000?) 8.0
-. 0001-~fflfflQ9.no0004 .nonoi 7.2

-ifoufl2 -.fnonin -11.t. noo03 oonn02 5.2
!112.ol o0u002 .0000? 4.3

S-16



S.5 3-Z GOQRDEX Solution. The 3-2'CORDEX solution'(program,

PASS43?,) listing is, identical with the 3-3 ,CQRDEX solution listing (paragraph.

S. 4) except:

1. on\,ky two-spans of data are used, and

2. the hcight of the CORDEX station is input, andijot calculated, so that

no error is ihdicated in the height.

S _17
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TI.. ) . 5 , " lJ 37 2 1 1.1 2 F1

I1--.. I '- ;Ik'Pl.'Z= r , -;PL.

6, I I tll r. I tlJ.ITII)F HthIG)-T ,1i V 11l'1,Ij -F)M INPI

." .7.. M . 7447 1,1. 21,I 1' .flu04"

3 ?P.:', ": h, .A7447 121.' -. 0 1045 011'
-- - - - - -- - - -- - -- - - -- --- ---4 1 .. 7 .. 744S 121 .i- C. -(I14 ..

" : 4 9i h A!. /'446 1.21. -. (if: 03* . n
7 " .S A744A 1.21.. -. 0 0OA . 00'
7 tA.'7 4 A 121.. -. nO37 .00'

'. 4C 161. *?;1 . .-'7446 1.21 .. -. nItll 4 .no,
;3 " . 9o, 1 71, P-.J 744- 121,, . N00 14H n (I,

?rP.qu it 1.*A74 47 n*(,14,1

'I"2 **9.oc7- :*4 .744h l21.1. ,*.[;0t,3 .n0'
:'.9zi0 ~ :7 ~ 1 21 . (Inn

9 7. :1 . , ,.A744A 121.,i -. In 04 .O i 74-*IA7446 121 Ll ()n4

S7, 3 (.l$n" :. ,7449 21 .1 ,I -0. 03 .z00
A. -p " .1 .Jfr.; A 7445 121 n 0 045 . . n.

7 -. '7- 96:-.47446 121. i -. rn r14n
A L2 4 ; F A74 121.", ()3A 1~

21 -P . ,¢i 7v P',. A744" .121 .n ,nli4it .n n

. 7 Pb,, . ,;7447 121 It ; n 4"4

I 4 '%1. 4C(.1 7 i ,e';•.47446 n2, (1, 1. nl 4 e i'

9i - -7 A p P .I A7444 121P . 0 113 . (II,----------------------------------------------------------- -----------------
I7 t21.. -.; 174 i

34-------- 3, 1~A QL 17( 1 Ptb. 7441i 121 A n -. <4 A .nP

,47"tt 7 t ; - .744 4 121 .1; - 4?iI,4 . Of
S 44 4 Q..I, 121 .

.7, "f, ., 17. pb-., A'7444? 'L1.fo -. no'U4= -, . t

:9 -Q01 7 7 ,'.A7444 121 .i ('IU 4  .0 4
S31 -"t .A 0O 1 7( Oh . A7 4 45 12 1. 0, P, f n4( q

i.-------------- ...-. . .'7-*
12 3 - O, /. Q 211. A7444 121 . I) -,Ill'it45 # n
13 4,. 17( b' .A7444 2 1 , 1 -------- ' n .
3 4 "t A . -. .7443 1211. - . nl .00;,~ 35 "4A . 4(, ", Pi h' 7 4 4z,;.P .::- n 4.-,.O_

.17 AC. v' 7t 2H• A,744 '121. "

S, .67443 121. -

c. 7U C- .b 744) o (I V31)
J2 ~ _ " c,00 7.t )f,. A 7 44 3 L2,1 . i,",0 1 1 1 P9 '

41 A , 001 7t 1 1. 4 21. 'F , "4,4 4 P 1139

4 4 A . 0-0.1 7e Vi . Z . ----- 121 , II ti4 ___9

:, .............. ; _ ....... . 1_ . 7(j ..... %.A 4_44_ 1....t21_ ., .......... .. ._ .(, .4 R........... --., _.

.2 -----9 - .- '/e 74 4 1- -- - 1 21 1 1 -- - - , - (1( 4  , -- -- -- -

9; 6 ----- ;j:.A-



--- --- -f -----. ------- ------ -.-.. -- ------ ---- ,- -_- -- --- -.-.- -.- --- --- -- --- -- -.-..-.-.-. .-.-.-..-.-.-. .-.-.-..-.-.--.-.-. --.-.-. --.-. -.- -.- .-.-- .- - ,
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S,.6 Line Crossing Listing. The span of data -usedI in the-determination

of tile minimum- angle sumn is listed --With the fpjhowi-ng- quantities inclpudedr

TIME Time in,- hours, mihites, seconds, and milliseconds

RANCE l,' RANGE -Ranges in meters fL-,rn the two stations defining the

2 basel ine

HEIGHT Satellite hei'ght in- meters

GEob Sum -Geodetic sum-determinecl by multiplying the central

angle slim by the scaling ra'dius.

RANGE SUM Sum of RANGE' 1 and -RANGE2

ANG LE S U Suim~of~the central angle in radians

El1, E2 Elevaeion angles in degrees observed at the endas of

the baseline

(RESIDUAL Difference between, the geodetic- distance sum I d the

polynorfial fit -ii moters

1IAT, LONG Latituide- and west longitud'e of--the satellite in-dcgreees

'Following the above listi-ng, the results of the line, -coti~iputatiGn are printed

as follows:

MEAS, MIN SUM Measured minimum geodet'ic distance sum-i-determinied

from the polynomial fit (mpeters)

COMPGEODESIG Geodetic distance (geodes ic), determined from the input

su rvey data

RMS The rms of the polynomial ~fit residuals

C ENT RA L ANGLFE Central angle determined from the input survey data,



cCALING RADIUS Scaling radiuis deterimined from the computed geodesic

Kand the central apole 0(mctcIs)

MIN CE-NTRAL ,Minirnuin central1 angle dete'rmined from the polyniomial

ANI Lit in radgans

P .',



GEODETIC SECOR -- L6iE CROSSING SW.So INT 5

TIME RANGFI RANGE2 HEIGHT GEOD. SUm RAO
282 2 26 39 476 1476 3 2 5'.oZ 1260185..27 936610.45 1066450,82 P744
283 2 26 39 A77 147587t;,A3 1268249,27 936607.01 1866130.52 2744
284 2 26 40 276 147543:!097 126842O,17 936604.50 1865923.61 274a
265 2 26 40 677 147500,s.56 1268596.18 936601,99 1665530.01 274a
286 2 26 41 76 1474573,48 1268777.08 936599.80 1865249068 P741
287 2 26 41 476 147414b.43 1268961.39 936595,39 1864982.65 ?742
288 2 26 41 877 1473727.69 1269150.64 936190.63 1U64729&07 2742
289 2 26 42 276 147331u.60 1269345.91 936585.35 186448911 2742
290 2 26 42 677 1472P94.6i 1269546,46 936581.54 1864262.45 274;

2 26 43 78 1472,491.A9 12697t7,07 936578,42 186 4n49.io 2742
292 2 26 43 477 1472091,i5 1269970.08 936375,26 J863849.03 2742
293 2 26 43 878 1471695.37 12701d9073 936572,97 1863662.36 2741
294 2 26 44 278 147J304.05 127041'1.30 936570,66 1863489sJ8 2741
295 2 26 44 677 1470916.65 1270646.43 936567,72 1863329.53 2741
P96 2 26 43 78 1470533.90 1 7a88.89 936564.49 1863183.32 2741
297 2 26 45 477 ±4?15.78 1271124.71 936t60.98 1863050.54 2741
298 2 26 45 878 1469782.51 1271373.45 936558.47 1862931.17 77,41
299 2 26 46 278 146941.76 127162i.25 936553.92 1862825.26 2741
300 2 26 46 677 1469056,p8 1271878.10 936546.30 1862732,73 274C
301 2 26 47 76 J468692.12 1272142.80 936543.82 1662653.50 2740
302 2 26 47 476 1468339,41 1272414,70 936542,80 1862587,61 '2740
Z03 2 26 47 877 146799.8-1 1272691.95 936S41.83 1862535.09 2740
304 2 26 48 276 146764I.71 1272978.75 936543.51 1862495.97 ?740
305 2 26 48 677 1467309.86 127320i.1. 936537.2a 1862470.25 2740
306 2 26 49 76 -1466975.5 27355i,78 936533.82 1862457.89 p7,4
S07 2 26 49 476 t466646.74 1,2731,73 936532.60 1862458.89 2740
306 2 26 49 975 146632 .48 127415,,75 936526.81 1862473.24 2740
• 09 2 26 S0 276 1466003.07 1274 4 01,85 936125,73 1862500.95 2740
310 2 26 0 67W 146568fi.39 1274771.77 936519.75 t862542.01 2740
311 2 26 51 75 1 46537.s7 12150b9.94 936s15,92 1862S96.41 2740
312 2 26 51 476 1465n74.46 J275411,,0 9 936515,45 18626644 9 2740
313 2 26 51 875 1464774.78 12-75746.28 936510.96 802745.30 2740
314 2 26 92 276 1464479.86 1276083,85 936509:.18 1862839.75 740
315 2 26 52 676 1464189.43 i27642i.10 936505.87 1862 947,49 2740
316 2 26 53 75 1463903.Q7 1276769.85 936501.20 1863068.52 7740
317 2 26 53 476 14636230A4 1277126.51 1936499,26 1863202.088 2740
ale 2 26 53 875 1463340'.48 127746;1.32 936495,58 1863350.52 2740
319 2 26 54 276- 1463077.8 127784 .65 936491.82 1863311,.42 2740
320 2 26 54 676 i421,42 t278215.47 936488.35 1@63685.58 2741
321 2 26 55 75 1462 5.1.*2 1270583.36 9J3484055 1863R72,97 2741
322 2 26 W5 474 146229l.32 1278961.6 936480.76 1864073,62 2741
323 2 26 55 875 1462045.80 1279345,81 936477,44 1464287#96 *741
324 2 26 56 275 14 6 180,G8 1279746.44 936474.69 1864514.79 7741
325 2 26 56 674 1461559.14 1 2801 0.24 936471.65 1864755.3-0 2741
326 2 26 57 75 146322.87 128053J.12 936468.24 1865008,97 2741
327 2 26 57 474 1461091.42 128 0 938.24 936463.92 1865275.84 2742
32S 2 26 57 875 146 0A6b'n.0  1281349,02 936459.84 1865555.96 2742
329 2 26 S8 275 146064..75 1281765.93 936456.33 186549042 2742
330 2 26 58 674 1460427.49 1282189,33 93'6453.55 1866156.23 2742
331 2 26 59 75 146021o,6- 1282618.09 936450,70 1866476416 2742

FAS. MIN. SUM CU:'P. ODESI-C RMS CENTRAL A
iq62497,oill JB8,2456.6-784 0.Oo.973



S SW-SD INT SPH ORBIT 2131

HT G5ODo SUM RANGE SUM ANGLE SUM El E2 RESIDUAL LAT. LONG.
AS 1866450.82 P744410.30 29293967 34 44 3.43 39.1 108.9
.101 1866130,52 ?744120,91 .29288940 34 44 2.89 35.1 18 .9
I5. 1865.23.61 ?743459,14 #29284123 34 44 2.39 35.1 108.9
*99 1665530,01 2743599.76 .29279515 34 44 1.84 35. 108.9
80 1665249.68 P743351,0 29275115 34 44 1.20 35.1 108.9
39 1864982.65 ?743109.81 .29270924 35 44 -52 35.0 108.9

*63 1864729.07 2742878.33 29266944 39 44 0.06 35.0 108.9
635 1864489,11 2742656.51 29263178 35 44 -,38 35,0 108.9
,54 1864262.45 2742447.07 29259621 35 44 0-74 35,0 108.9
42 1864n49.10 2742248,96 29256272 35 44 -1.15 35.0 108.9
26 1863849.o3 2742061.23 .292.3132 31 44 -1,63 34.9 108.8
97 1863662.36 2741,885,10 29250202 35 44 -2-.06 34.9 108.8
66 1863489.18 2741719.35 .29247484 35 44 -2.35 34.9 108.8
72 1863329.53 2741563,n& 29244979 35 44 -2,47 34,9 108.8
49- 1863t83,32 2741416,79 )29242684 35 44 -2.50 34.n 108.8
98 1863050.54 2741280.49 :9240600 35 44 -2.45 34.8 108.8
47 1862931.17 274IJ59.97 29238726 35 44 -2,34 34,8 108,8
92 1862825.26 2741039+.01 .29237064 35 A4 -2,t2 34,8 108,8
30 1862732.73 274o928.8 o2923,5612 Z5 44 .1,88 34,8 108.8
82 162453,50 ?740834.3 .29234368 3i 44 -1,89 34.7 108,7
80 i862587.61 2740754.11 29233334 35 44 -1,51 34,7 108.7
83 1862535,09 2740683,76 29p325'10 35 44 -1.31 34.7 108,7
51 1862495.97 ?74o627,47 ,29231896 35 44 -J.06 34.7 108.7
-20 18624-70.23 2740570.37 .29231492 35 44 -.76 34.7 108.7
82 1862457.89 774052 7 ,7 4 .29231298 35 44 -.46 34.6 08 .7
6a 1862458.89 274@498,47 .29231314 3 44 -.16 34.6 1O8.7
81 18624.73.24 2740473.23 .29231539 33 44 ,15 34.6 108.7
73 1862,00,95 27404,64,92 ,29231974 35 43 .48 34.6 108.7
75 t862542,01 274046ko.6 .29232618 35 43 .79 34.6 108.7
92 i86296.41 2746:468.80 .29233472 35 43 1.10 34.5 108.6
45 18626644 9 -2740492.55 .29234536 35 43 1.4 34.5 108.6
96 1862745.30 2740521.05 .29235809 35 43 1,74 34.5 108.6
18 1862839.75 -2740563.71 .29737292 35 43 2.04 34.5 108.6
8 j862Q47j49 2,740614.53 ,29238982 35 43 2.27 34.4 108A6
20 1863068.52 2740673,82 .29240882 35 43 2.44 34.4 168.6
26 1863202,68 2740747,35 ,29242991 39 43 2,61 34,4 108.6
.58 1863350.52 274o28.80" .29245308 35 43 2,69 34.4 108,6
82 1863511.42 2740920.45 .29247833 35 43 2.67 34.4 108.6
35 1863685.58 2741022,19 .29250567 35 43 2,57 34.3 ±08.6
55 1863872,97 274jt35,i8 ,2925358 35 4% 2.34 34.3 108,5
76 1864073.62 2741257-.88 .29236657 35 43 2.o3 34.3 108.5
A4 1864287.V6 2741391.61 o29260015 35 4.3 1.65 34.3 108.5
69 186 451.4 .79 7741536.52 .29263581 35 43 1,22 34.3 108.5
65 1864755.30 2741691.38 ,292673M6 35- 43 .70 J4.2 108.5
24 865008.97 2741155,99 .29271337 35 43 ",00 34.2 108.5
92 1865275.,84 2742029,66 .29275,526 35 43 -.86 34.- 108.5
84 1865555,96 2742214.o4 .29279922 39 43 -1,82 34. 108.5
33 i1865R49,42 2742409,8 .29284526 35 43 -2.78 34.2 108.5
55 1866156.23 2742616,82 2989344 33 43 -3.75 34.1 108.5
10 1866476,16 2742A34.14 .29294365 35 43 -4.96 34,1 108.5

RMS CENTRAL ANGLE SCALING RADIUS MIN. CENTRAL ANGLE
A ,00 .?9?1279 63714,51,1661 .292312q4
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S.7 Orbital -Mode Satellite Position. The orbital mode sate UhAte position

4: data listing (two sheets) was obtained, during.the orbital prediction pass (program

GSORB)-. The following quantities were listed:

Sheet 1:

SAMPL Cumulative count of samples

H, M-, S, MS Time in hours, minutes, seconds, and milliseconds

LATITUDE Predicted latitude of the Satellite

- LONGITUDE Predicted wet longitude of the satellite

HEIGHT Predicted height of tiic satellite above the spheroid

RC Range :from the predicted satell-ite point to the unknown

statior

-AZ Azimuth of the predicted satellite point -with respe.ct

to the unknown 'station

EL Elevation of thepredicted satellite point with respect

to the unkr.own station

RDC Predicted range rate at the unknown station

Sheet 2:

SAMP. Cumulaitive count of samples

H, M, S, MS Same as sheet 1:

RM Measuv:ed 4range frorn the tinknown station in meters

corrected for ionospheric effects, -tropospheric re-

fraction, transit'time, and- calibration

RM - RC Differeice between the measured and predicted ranges

- RDM Measured range rate at the unknown station in meters

per second

2s-2



RDM- RDC Difforence between the measured.and ,the predicted

range rates

CORT transit time correction"

IC Measured--ionospheric correction (correction-is.

subtracted -from the range),

CORI Ionospheric correction from the analytic model in

meters (correction is subtracted from the range)

COR Tropospheric refraction -correction, (correction, is

subtracted from the range')

-S-23



GAOFTI* SECO--OORTtTAL MODE GRAND FOf
"'NeNOWN qTATTON-- .,RAND PORKS I

cAMPL H !J S MS LATITUJoP LONGITUDE HEIGHT
1 0 44 12 9 .9.11185 '0o74366 9j7154,34
2 o44 12 510 9 15;04 9097997 91716 3

44 1 3 10 9 612i 4%
4 0 44 33 510 19,21030 I0,7i0o2 917,174,40
5 0 44 14 11 39.219 4 A 0,570 917181.11
6 0 44 4 511 ;9 2 2 6o '0. 7 ,19 9 07187,8 O

7 0 44 35 11 39 28 F7P Yo,65667 917194.50
A 0 44 5 5 1 9,31484 '/0,64214 917201. 1

o 0 44 (6 j 39 .,34996 q0 6?760 917207,92
10 0 44 16 511 39 .36/o07 90 61304 9 17 214.53

il 0 44 to 19. 3Q313 %
1 9 0 4 4 1 7 5 1 1 19 02' 5 (1 j.723 4

130 44 y8 1 19-4192q aU 3a7 9 1291
i6 0 4 9 039-4454 0,5 695 9j7254.99

J 0 44 40 10 .934974 90.5507 91726le72IS 0 44 4 0  3 9 4q7515 0 546 9 726 47
16 o 44 19 5i~o 19-57365 0052~54 9,7254,9
17 0 44 40 10 39.54974 0 5 101i3  91761.72

1. 0 4 40 510 19,57584  0 4Y6Y 91.7W647
1 9 0 44 41 10 3 9 6r-9340:411917522
20 0 44 41 510 9 02 v 0 466b3 9178 ,9d6 8w 9 97jBe,74
21 0 44 42 to .39.65410 04"214J

22 0 44 42 511 39,6%074 a 4374 9 7 2 9 K, 5

2 0 443 11 A9.70632 "o0422e8 9176p:,
2A 0 44 113 511 19.73240 40.4q795 9,7s0 5

2r, 0 44 44 11 3975847 0 :3v3 1 917310,83
26 0 44 44 511 A9,7A455 0 37845 917322.60
27 0 44 A5 I 9 8 62 '0,30368 9173393928 0 44 45 511 39.8x 60 : O 34810 91733". 8

a 0 46 18 38411 97347.7

30 0 44 46 511 39, 8ppl1  0 031-93 91734 q o76
31 0 44 47 12 19.91493 '0 31449 917356,58

32 0 44 47 512 39 94 QA '0 :2 96 2  917363,38
3) 0 4 48 12 '9'96704 q0 27477 9 1737n. 9
34 a 44 AS 511 i9349.93 94 4

39 0 44 091401909 40 : 2 "9t7 9j7383 q0
36 0 44 49 V10 4004!50Y 2,022 91739n.61
37 44 A 0 0 40 t7 o42012 917397043
3A 0 44 SO 510 40 .097 1 7 !0,29041 917404i26
3Q a 441 t 0 40110321 40:11549 9 74 9
40 0 44 1 0 40 14925 0  14 5 97427 6
41 0 44 "2 10 40, 17'52 o 15 60
42 44 '52 510 40,2031 y0 14-64 9t743'i,1
41 44 93 10 4o22734 Y0912966 91 743.4044 o 44 K3 5i0o 40i25337 9 0#11068 917449,31

49 0 44 14 10 40279 0 9567 91 745,.16
4 0 44 i4 5 10 40t3541 9 0 00 6 6  917450'2
47 0 44 15 10 40:33 3  %D00663 91746984F 0 44 S5 510 40 V;745 9O 050q 9  917472.75

4q 0 44 '6 140403346 V0 0355- 91 747Q#625 n 0 44 F6 310 40,409 4 7  ")o 01 7

51 0 44 97 10 40.43548 519 917491,38
12044 s7 5t0 40,46j4A M8103 917'0s°2

5; 0 44 98 10 40 -4A74 1997511 9175
54 0 44 S8 10 40 534A m9644;.4  9j,7 iV04

55a 44 59 10 40 53944 69 :9 4~. 4 4 : 732-



GRAND rnRKS ul T 504
PAGE

HEtGHT AZ FL RDC9j7154.34 1497AZ 7  L 3 15 a6793

14961:1 094 JAO 54 326A5 -3521.84

91716 . I j4 943920 150.42 3p.71 -1974

9 17 174.40 1492649,68 150 2 32- 349 6

50:39 32.78 .3490#j
917181411 14900 9 9  1 0 1 32,A4 .3488933917187.80 14891479n0 15 .05 321*.377

917194.50 1487412.03 2 911 44i5681
4R9917207.2i 14.33 33,3 -3454#61

9 79 148 q5 7 42 149 33.n 9  -3443,27917214.63 14822,58:63 149,55 33.15 -3431,88

917 221,33 148 528 97 49,42
-91 , 9 '7 1479i18 18 149, 2 9  33:;' "34

4. 14771165 5 j49.16 33.14 - 897 1

917~j241#5 43 44.3.6-
.47'1 t47 54d4."8 1-49#43 33.40 "3385*97

9172 4 97 14637453140 ,9 33 .46 3374-3991725498 472014 07 0 148 33,5 ,33 976917261,72 t4 7 37 1 48*.65 3 3 , 3  "335;989726 6914. 43

1 147 30 J48.3 33:n "332a7.64911,8 L94 1465370 '9 8  14 3323.7

* 14e,6 3.3 7 .3S15,85

9,72 5046 13@9 147 332.9 . 02
91 7Si49,1 q 0 32 1*121,46S40:O58 147.86 33.3 o -2 21
9j730905 1477 3  34147 .732 3

9933 1459oo76o 147 99 34 n .3256,26-6 t 7, 147,46 34.14- .3744.23

9 8-9 47.10 34~7146.22 :3220,9

91 7-34P 7 1 4 5 08 0 147:9S 34.32 -327891734q,76 1448 4879 B7:5
917356.58 4479.43 ,S 146, 34-44 3113.41

I 21445100,60 146.64 34. 1  .3171,129 :737n 4. 14118, 46 34" 315A.1

9j738j 427 416 34.63 314649
9074.6 1  4 2  14622 34.69 7-34g91 .9 1 6 .4 3i l j4 : o j 1 4 6 09 3 4 .75 "3 12 1 3
917397,43 1438456603 149,95 34:n.3191917404,26 1436 g4 89 145.80 34. 8"30 6,14
9t 74 9 3 : 3 145 ,6 3 .o3  3084, 4

9 7 24334eo6 4 2 34549 207 4
143188,12 149,38 35,n5 305 .7f91 743 .6 43 2i 1412 4  3500 4,71 0142 842 145 3@ 03043307

43 1427326 1444 39 745o.-6 $4252j1 144.8 35.2973
97562142432 144 69 35,A5 "84.87

974,4222 1440 35.
91747p.75 j421339 n 144.3 235.4 29 ,791747Q62 141 9  7 W 03 144,23 365.93 295A03

917486 0; 1 41 06'3 7 144.08 35.79 "243.19i 7 4 9 1:-s 4 19 3 143,91 35.A5 22'

91 0,2 4154i3oi4 143.7 35.7 :2916.83
9t75905 4130 9 8 v 143o64 377 .3.67

4s  143.49
1 j 4110 7.54 143#.34 35.A2' 4
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G OnETrc SECOo-UORBfTAL MODE GRAND FORX3
UNKNOWN STATTON-- (JRAND FORKS I

SAMPL H M 5 HS RM RM-RC RDM Rnh-AnC

1 0 44 12 9 '4979p0 .j 2.15 "536,04 "3.i
2 o 44 12 510 14961 44:5 4 1 -3524,40 -. 5
3 o 44 33 10 14 04395.4 2  3,16 .351 3 Oo
4 o 44 33 510 1492642.91 3,;3 135 , -.
5 o 44 1~4 i± 3.490 0896,207m3899

0 4 4 1 5 i4 A o 5 3 6 . .-

7 44 4 1 1 4474 st53 6,73 346AK. w A
S44 35 5 11 14856 7 5 q.A 2  -3454-,8G

9 0 4'6i 1.4839AS,4 6:g3 e344->:88 3
in 44 16 5 1482245:26 6.A 3  -3431,55 ..1
11 0 44 17 10 14R05 32 17 3 %342 4X on5

4 0 44 1478p4,57 6.3 :3409,56 .44
3 44 -%8 11 1477,23 43 6.88 .38A,2 1 1.29

14 044 18 510 1475428:87 4,79 w3384,4 1."0
15 44 0 9 1473739.87 5,A9 -3373.45 *94

0 44 3910 1472095,78 6(09 .3363.04 -. 28j7 0 44 40 10 J470376,66 5,43 -3352,37 .2,8

o 44 40 510 2087D3.40 4679 .133kn, 9A ,5
J9 44 41 10 1 4A7 0 35,76 .9j -332,.43 :1.7
20 0 44 41 510 1463374.03 3 .6 *3317,40 .155
21 0 44 42 10 463718.53 2.93 -3-Jn .52 "
2P 0 44 '2 511 1462068 79 5.12 -3293.38
23 0 4 43 11 1460425:21 4.62 -3 28t.'3 -1.31
24 0 44 43 511 1 4587R74 6 :3269.4"
25 0 44 44 11 14171!;5 ,9 -34 13256067 .e40
26 0 44 44 5 11 145530:7 9  3.55 -3244,23
27 0 44 45 11 14539i?02 3.91 *3231,98 *3
28 0 44 45 511 145229.29 4 .14  -3220,38 35
29  0 44 46 11 1450691,96 3,87 320 .,o
3 0 44 46 511 1449090,17 2.97 .3197, 5 3 ,A6
3j 0 44 47 12 1447494.21 4,98 -385.92 -I,
32 0 44 47 5 12 1445904,62 4.n2 -3171.54 -.41
31 0 44 48 12 1444322.4b 4.37 .315 7 .5 5  1.9
34 a 44 48 511 V42747.52 2,56 .3144.06 2.49
35 a 44 49 11 144li79,22 4,40 .313n.98 3.M
36 a 44 49 510 1439616.88 2.86 .311P.97 2.66
37 044 q0 10 418060.55 4.21 .316.94 2.20
3A 0 44 No 510 143 6 5 10. 3 3  5.44 .3095.31 1.30
3, a 44 At 10 1434963,42 5.69 .3083.68 .0
4 0 44 510 1433426,65 5,78 .3071. 8 1-.:39
41 a 44 N2 10 1431893.70 5.39 306o.88 .2.11
42 1 2 1430366.00 .:Q0  *3047,74 -1,72
43 A 44 53 10 142 845.03 2 7  - 3034.17 -.A
44 0 44 13 5 10 1427331.69 2.91 w300.95 .60
45 0 44 K4 10 147582622 4.51 "3006.08 1:66
46 0 44 N4 5 i1 1424326,10 05 -2984.39 .48
47 44 10 14?2831,Ad 5,n4 *298',13
4A a 44 K 510 142343.g 4.12 w2969,40 i.3s
49 0 44 A6 i0 1419862.44 4,61 -2956#13 a010
5A 0 44 96 510 14183A7.87 4,P0 -2942,58 .43
51 o 44 57 10 14,169pa,27 5.44 -2929-55 ,2
52 445 510 i415458,80 5,7 .2917.20 ..38
53 0 44 A8 10 1414003,34 .33 -2904,84 -1.17
54 0 44 S8 510 1412553.77 4.3o -2892,10 -1.62
55 0 44 K9 to 1411110i1 .273 .10



DE GRAND FORX5 OHRIT 0 - A
PAGE

ROM RnM-ROC ,ORT IF CnR
3536, 0 4 "3.tj "17.67 116 16 4.64
"352440 p 1 7?5

9 P 12.33 R,35 4.63

3103 01233 8033 441 -1#4 11*. 42 4,62
q34gg -'1 810.43 1 4.61112,, . "17.35 11 g9-72 t:24.

"3454.8 it :712 11,67 80, 4.59

344,> 7 "17 4 10;33 A-26 4.58
.3431,55 84 -167 10.33 Aa25 4.87

*342go43 .fl5 -1489 qS33 q,2 4 4,07

To40.,56 .44 "16 94a's9A. 2 -  I ,9 :6 .73 1013 A.23 4.55
-3384,4 .. 1 *o2 .3
-3384 4 1.10 -16.66 10.33 4.54"3373,43 o94 "16,58 11,90 %t:11 4.54-3363-,04 ?.8 "16 LIS1 10033 IS 4 .53

t3573 . .28 -0, 44 11000 A.17 4.152

*334n.94 -1.j6 -1637 10.33 A,16 4.52
3329 43  "1"79 :16 29 11. 6 7  8,I5 4 51

-33i7,40 "1, 5  "16.22 10.33 A.14 4 50
-3:n5.52 :1:Sg "16.14 11 .6 7  A012 4.50.03283,5 -1. A -16 6 1o, Atli.4
-328t,53 -1.31 -,8 11,00 4:48
.3269.48 "1.;2 "4,91 10,33 A:l8 48
-3256#67 -.40 "15,83 10,33 A 08 4.47
-3244,23 ".01 "15.75-  10.,3 A#7 4.46

3 9.66 9,61 A 06 4,45
-32o,38 - "1.6 11.oo Ro0 4'45

9,20 w02 11:.53 8.33 R.04 4,443197.53 .l.6 -1j546 9.00 A.0 2 4.43-3185,92 01941 "15"36 Ila0 A. 4.45.317t.54 -. 41 -15. 30 9. 9.9 401
"3157.55 J.5 -15 .21 9967 7, 4.42-3144,06 2:49 .15,13 10,33 7,98 4.41

"313n.98 3 n "1505 10. 33  7997 4.40

2,66 - 11.67 749641"3166,94 2.20 *14.90 10.33 7.95 4,3
309531 1.30 1483 11 .0 7,94 4 38
-3083.68 .0 -14,76 9 6 7.0a, 4,38
"3071.81 ".19 "14, 6 9  11467 7,92 4.37
3 06 o.88 2.11 14,62 11 00 7 91 4.36

-3047.7 01,72 %14,54 10633 7:9 4.36

3034,i7 "A3 %4.46 11.67 7.884.5
030ig.95 .60 14,38 1 : 0 7.88 4.35
"308so0e 1:6 6  "14.30 7,87 4034
294.39 .48 "1423 10033 7.86 4.33

-298P#13 6 14,15 1 37 o8e4.6
1 ,1 *0.0 n33 7.85 4..33

"2969,40 :, "4,0O 12.33 7,84 4.32
2956.13 - to :14 80 4 33 7,83 4 32-290,.58 $43 "1-3 2 67 7-82 4.31
"29 ,965 .29 "1385 967 7.81 4.0

"2404,84 1 .q7 "%s 70 10033 7, 478
"2892?,0 -1.42 -13,63 967 7,78 4.9

"2 7 31  1 06 13,55 1100 777 4,98
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'I I2 fL7&2 "CO '-nv Lict
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3.-r vt.u; (r . Coi.lr'ol 2crd vit%' 2 tI ree uiitirtegers;p the fir~st
ert-,bIer of saimplus to slJip bet.3er

tr~O'~.anr I S econ~d iz the number, of d~ta

~~ ; e s A i pe S WC ,OR 1format (See- Itgur -A.

I rrtrk 1 st d; f erenc
~Iv~I A' "r Very I-fie chara ol)

l or. rmL.ir pn'C~harnel
,:t~ ")zpS-.Coarse c'Oanrel

9' i th . 'r' oarse chara.el
Exte. ded R~ange citannetii.

Hou (2r _.-i cik -. C2
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wors Ly thie FOP1eT nki FPEUOLV'S Ohlcui G.%y ertery sath l
Ip- cmsldcrei va~er, !Is t.e _4r~t Irnterpr oi- ',vo control. c.rd (~.
A-1 uvpleu re skipprz&-O. .4uen_ at -! d of fiJle I s enc.u tered, the

'(.PX.lr bi. e~in -v ixfw f'am or ttrnii rt depa*Airi.~ on whethe r
or io± ~IA secovd cot trcl lnte.5 r &a laer slttisrtmi.,

F~or contiruous lists ol, pr~ore, Visr. one taps A ',tunpes must Le
o~~e on .04~i~t ~44s anys he1z'.r i Ahui 1,
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1h~ COA P

FMiiPOSE: Te c'oa,pile he 'Unaidbiguous rar1gi? wior, from -'ecorde6dS0 da.

I. Grlik equane-:, A RFZO*.rATrN* ubiREOV

3. lrktits: Dit soed i RNT Ir h6 t o'vt output by the,
G eoiet-c ZIi Foz~'lt P4-grm F-iuri$. T i) b4h. seeoti' 10 tlhrbugh

16 ae Hiank.
4 ,. Outpls: See ' igure trap
5. -Roulnes Cea~ed,:-' None
C. Lbik ,Ao: CCPmON'" 3, C, TNIICT), tflirP ('7,) j TO4(6)_

CC)Inpla ior Of t±le final riinge wpr'd is effected by pq'mVining the,
corrected tl.an.-el datu re cord 6',o thes,.PORk magie ta tpe. The
fie~hodutrked is us f ollows:-

P i s suiraoed from thb rj~phc ,R' IF11) to obtain the

* very flne- datAi.
2 D -) is sul~traeted. frcin ( W* =N) to ol5tain thie finfe

A unnom4 etiid data.
Z -. The 4' les" ;AimlrAican~t -bit, (LSB) of -the tine -uncorrected.
data are subtrait"d f£ om the. 4 imotsi gficntI bIts (, f) _of thfe
very~ f'ine d~rta,,. the M S of the dti'fe3*nc* is, repeated for 4-more
bits .6 ihke wi -8-IA1L 4ord. which Is' cia1d 'thi - edifrne -N)
4-i, The fixe, 2!M ifferend Ie s-e radded to -the- 1,Ine, unotrectaed
to formn thd fine dorrect, I da t6.

n, i.s sia f~ract6d f rom-5 to obtain the -coArse unqorrsct4&d dat&-.
6. Trae coa rse uncorrected iata c usng te -

data tn ts am e mnner as de-scribecl -31,pa5 nd4

7,1 sutvar ted,'o ft to -obtain th6'-very os uncorxected

S., The very noarse. tuicorrected- dat6& to corteated. ust.ng the,
_courre -,orr e'ted dfat in the somne inanne as in A bept -1, ar4'*4, except
4tI&tI thef, %ra 5 blts .&v~r~ap.,

'Th qeed4 tn date fs, corre6cted- by' .u( ifl?- erycgs
corrected. data in thp is~me mantlpv as _Ar steps 34nd 4. (Note-,
-th.4-t t-he bXtenj~ed ra-ze j6 __:eeds- r-ci ato~.

'ae rrrectior prociess can, 6orpt~ for &A dfreienbe ~in the 6bvei' , -

-av~p bit's- Of _P'Us, i~\bte. dinuorln- bite .%here

;1 1,4 the rtuibqr of o,,r1* pp? bits. 1",oe a f nt-'bit ofPh
diffferenra between words to be cireted_ Is rap&tei~ -to f£ot an
81-!Wb-t word for thie io.11owinp, r~itbn:

er 4 a 1 pper, 4a the '.66it si'gnificant bi' oIf' thedferpe
I It indi~c-a-Les that( the sutt6heni- is largetr thatv, the minuand,
And therefore-, 'Shoutd: be-, l:tracted -from the si trahend (.which- is
tnte -,o0!d '-eing orctd.fgpfat-ig tb 1, to -com~p ot,

.Ai,1t rwoxd. 'V hv th Copla-*,et of -ab h ~bIdbe-
ttra-ted tomU subtisthend to -giva the _orreted word. J e~5



- . No- 'G'130 - RESOLVE,,p, 4

bY,-addins, Jle c'rjmplcment to the sub trahend,. \kc haver pe rfor~med

4 moet. signiflcafin, 1itt of4 -ER

4 rfhost sigihifidant, bits5 of CSN

- 10 bitibf'the VE.

A(NO'PE-: Refer t'o aPRPndix,.B-of ,this, report for additiofial.:ifom i

-o -r tier so iin

- - - - - - - - -



NO'. G120 Z PROJECT: -Geodetic SECOR
TIT LE: (icodetic SEC-'Ol Forimat Conveirsion
CAT EGO-Y: Special IDENTAIFICAT:ION: SubroUtiie FORNUT
CODE:. CODAP CDC' ; 1'6O4
PROGRAMMER:47u. WV. Rutherford. 'DATE: Feb., 1963
-PURPOSE: To reair range input SECOR data- intoa meariingftil-loirmat,

*-ofr processing.

LUCaclEn Se~quence- CALL FORMAT

2. Argumnits: None
3. -Inputs: One Geodevic SEGOR data-record stored,. in. COIMMON IN(7)

'tefigure T-1lA for input tape fbi-xiiat.
4. Output s, Fornlatted da ta rec ord- sto red i n COMMNN I RNI(27 i a s.

shiown in figure T- I ecept that 'locations 1O-through '16
arec left blank to be cofripleteA. by th e range- resolution
pr og' a r.

5-. Routine s'al led: Nonfe
6. Linka-:r COMMONA, Bx, C. -7 VRNT(27), TMP(-9)-

METHOD:
This -programn is .4imrply, a s er ies ofrn-ask, and -shift operatior-s. <
to group the data lbits recorded on each- information- channel into
a binary word occ ipying a unique memory cell. these words irie
stored in successive locations e xcept for- seven blank locations
which allow for iVhe insertion o,..: resolved- range word 6nd.-its compo-
-nents.

1RE AARKS-
This propgramn is ustially used in- conjuizction w'ith the -RESOLVE ro ka
whidih rusoIk es and insexts the rangc) word into tite list.



l'v G200 'PROJECT: -Geodetic SMCOR
TITLE: Geodetic SECOR ,Editing and Sm oothing
;,ArEGORYs- Dta Processing IDENTIFICATION: i Program PASS 2
,CODEi Fortran, 63, CDC 1604
PROGRAWM Dennis Wilson
PURPOSE:, To 'input a raw SECOR tape, fi om one station and-produce an ,output
Utape with the raw data plus edited and smoothed data.USAGE-.

- ., 0 Crd, In t.

(I) Title Card,- 80 colun s  1A'

-(2) Indicator Card: 1615,
I., Logical unit f'czI input tape
2. Logical unit for output tape
3. Block length
4., IC Switch: 1 ! apply IC. 2-= don'tapply IC
5. Edit and Smooth switch: -1 i yes, 2 no
6. Edit span length, starting span length
7. Noise gate
8., MaXimum average second dif'erence
9., Maximum number df successive bad samples

10. Smoothing 9utput point
ii. Overlap, smo6thiiig span
12. Degree polynomial for filter
13',. List 1 option: i = yes, 2- no
14 ,Not used

- 15. Not used'
16. Not bsed

(3) Time Card 1215
Firs! tim -(H, ', S, MS), Last time, (H M, S, M),.
Delta time (H, ,, .MS),.

(4) dilibfation Card 2(EI,7.lOjX'),
Ra.ge calibration
IC, calibratllon

Multiple time spans may be processed by repeating cards
() through (4).-

g2. Mafneti Tape Assiggment

The logical units are assignec \according' to indieator 1 and
indicator 2. Generally 1 is the input ,unit .and 2 the output ,unit.

3. Trntou

'The'input.,data i' iited ohei for reference.,
b. L_2t I'

This is a listing of the unprocessed data which may be deleted
(and generally is) b use of' indicator 13. The 'irmat -is
identical to that o±f EXAMI.

*51 -c. 'Ls

This is a listng ,of the probessed data. The following is,
a, brief'desqription, ,f the various columns:

-- T--7



( 1 Ilae the time, recorded, at the s0ta~Aon- is ligt~d
in hours, minutes,, seconds, pand m~illiseconds,

(2) flRag - the. iraw .range flrom the Inpit tape.

()Edited R~nge - the .range output'by the editibg proceds
plbs. thi input range calibration.

(4) SMoothed-Ranffe - the range output erom the smhobthin'T

*(5) Hesiduai - the ditfirence between the edited rainge
* ~('pipt to smothing filter)- and the .smoothe rne

(6) idt-Correction'- the -correction-applied-to raw range,
tbo ?btkjib edited range '(minus cali brat ioh),, Vith onie
exc, ption, the edit -correction will be aii initegral
nnl~iple of the least-significant ambiguity (1,-e.,
256 meters)'. it' a, datta sample Is "'bad'" (i.e.,, pau;6t-
be reduced withini the noise tolerance by, using an
integral number of azbigulties). then the edit correction
Is Indicated with a 119.0.,"' In this case the edited
range will b~ either a predicted value or the mneasu~red
Value depending upon the number of C.successive bad skmp~es
which have occurred..

-(7) Edited First Difference - the difCference between the
6dited' ranges (A.RrEi (P. 0+ 1  -("~

(S.) Smoothed- First D41'Verence - the difference betwien the
smoothed r6ihkes-i.AR~ Ry ) - (Rs~

p ()Rabeftate the time derivation of .thsmohrfgdia
The'units are meters/sec. h mohreg-aa

(10) Ranze Accelergtion - the~ second tiine derivative of thi
smooth,,iauige data.' The uisare meters/iec2 ,

(11.) -Measured I1onosnherijcCorrection. - thb ionospheric correction-
der1ived Vram, VFIC and'V.F including the IC cialibration.

(12,) Qyality Indicator
- ocorrection

A Ambigujous sample
15 bad sample

d,. jaIM111tion &t- Baid otf-Block

At the end of each block three Vialues- are printed; (&) the
number of bad*-samples, (b) the algebraic ntm of'the integral
number of ambi guities .used to correct .the data of the, block)C (c) theA RMS error Tor the block,

T-



PASS- 2 Page, 3

e' Notes Rejardir4 Liatin

( I) Because of the .overlappih'_'of data, in the editing and-

smoothing .process, the overlap portion will be processid&
twice, Because of' this, the :firet sanples of each
block, wlll only indicate the results of the Second

" pr~cessing .

(2) -The values 'indicated in d. are not for 'the previous,
.b'loc~k 'but start beyond ,thb'ov'erlap &nd continue into,

the overlap o0fthe next block-..

4,Mainetic Ta~e Outruf Format

I Quality mark
2 Station number
3 Run number
.4 Month,
5 Day
6 Hour
.7 Minute

8, Second
9 Millisecond
10' Raw Range
11 Raw first difference
12 V F
13, iN

15 VC'
"-16 "En

-7 'DI-1t• 18 P.-D2
19 P4-3

21 -Reference
22,' Dl'
'23 D2
24 D3
25- D426 10
27 Edited range
28 Edited range plus calibrati on ahd 1C
29 Raw first dif~erence from edit routine

30 Edited, Pirst difference
*31- Edit .c6riection.
32 Smoothed range
33 Smooth first, difference
34, Rgsidual
35 Range rate

a36 &Raige. acceleration
37 IC correction (including' calibration)
38

50
T9



PASS 2 ?aiLge4

The output tape is in 1604 FORTRAN 63 f6rr,,zt with alU, words
expressed in -floating point' ieormat.

IU'IARKG-i
1. In pr6cezstig ,ultiple time spares, a time span, of (overlap) x At

should be IreCt between epins.,

.-,.

DG /kkb



NO ?905 'PROJECT: Geodetic SECOR
TITLE: ',Block Input f'or AS 2
CATEGORY-: 'SpeiAl IENT ICOT~ 'Subroutine BKINP
CODE, Fortran 63 ODO 1604
PROGRMOE:' Dbiinia Wilson
PURPOSE:, To input a block ofi-data, for procesing -by:PASS. 2.
USAGEt

1., Cal1Anr Sequence
CALL BKINIP -(TI, TL, )M, _NIN, KNUM, KSTAJRTp IUMIN,. DATA, THL)

N 2. Fagtei
TF eixfst timhe (seco~di)F~ PTL - last, time- (ifecofidis)
PTM, time incremient

pNIII logicAl input unit

I: UM number of samplea in block-

KS.PARf starting sample .numbeir

INUkIll number csC samples' inPut

DATA s6toraga' array '(50)

im actu~I lat time input

3. Coirmnlnkiwi

DC W:-.kkb T



No GIO1ROJECT:, -Geodetid SECC'
GI~~: ompute IC Correction for PAS3 2

CA~~t~;Special Purpose, IDETI'ICATIMN Subroutina :CORIC
CUD: : F otran I~ 01)0 1604
PRWRPAMNS1: Dannis Wtilson
fPUSIE: 'o ause U6e I-DI chnnnel, the IC xalibration, to dow pute the

measured 10' corpectign.

L,3AG:;: 1. Callirnq Sequence

Call OURIO ('DATA,, CAQ-

DATA A 50x]. Airay -66ntdiing the TkSS 2 data.
CAL The 1C 6alibration

2., Coimori Linkadi

CO-XMOU1 A, Ely C, IN(7)., IRNTd(97), TIP(9-)

MF 3:

4u

D~TiJ/wJ



21TOIi'rt Lidt-" ng fo A,;S
t~TEGORY; 'Special Pmrpusp I-DENTI13ATION; Subroutine LIS~l

Go~": ortan6 '3 CC 1604-

PURFGS&: To provide- the -option I i~ing fo PASO' 2' (L.e. edit &sm66th data)

Call LIST 1(4IIWR., KSTARTi DATA, TITrL)

No.~ samples. to print

2,$TPRt - 3tarting 6aril~e ,n DATA blo~

OAiTA A 50x Array cl~ntalning' daL&- to be listed.

TITL& 1- Alx array cortaining the- page title.

11- 13



No. G229 ?flOJECT: Goode IA6 S1,CbR& TITLS : Second Iisting for' P'A3,2
'CATEGORY: 3pedial Purpose IWiiOTIFIOATION: Subroutift6 L I.T2
iX)D&: Fdrtrah 67 CDC .1-604
PRQMA1WY4JR: Denis ! Iison
PUP,( 0:.T To provi4de the orition 2 listing f'or ?ASS 2 ,(4i.e. raw da-ta list),

U$AGIS: .1. Calling Seouence

Call L13'F2(jI.F, RSTAH~p,-DATA, TITLE),

NR - N1o. samples to .pri.9qt.

K3TARI Startng, sample, in DATA- block,

IM A 50x aivray cort inng, data 'to be 1istind

TITL. - -A 10Ai array containhing the page title-.

T, T14
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YQ. ''t PROJEf: Geodetic S!' CoRiS IRAN

CATEGORY:- Datai Reduction MTENTIFICATION: Subroutine EDITSR
CODE: Fortrart 13 ODO - 16,04 ry1'

POAMR:Dennis-WIilson NiAt: 'Il 7P1963
PURPOSE~: To ;dIt a I Iock of data, stored Ith Inemory,
USAGE:.

1. Ca1li'n- Soaojerxc: U.11. EDITSR ("ARRAY, LEDIT, LOUT, NSAMP,
NSPAN, AWB~j SNOISE,, DELZMX-, BADMAX,

,. DYNAAMB, LAKE:
2. AFuims: A F AY A two d~trensiondl array, the first subseript

_ pecii'yird Lite, word .wlthi r; a sample and the
second subvcript beinf!' t-l e mple nuiriLer.
Maiximuni ar~ray size '(481,100',

LM - An inte,7or specifyinfp the loda&$ ion wilthin
a shmple of the. dath t%'o 1e edilted.

LOUC - An integer 0.pecifynth first lo~atior wiLhtr
a sahinple' wner B 'the results of the editing process

NS!M4? - At- intef-er givinc. the, Irupber of -samplei 'in

NSFP! -An Int~e'In uitibe* of stimpeito
I~ used )W todetermine' a "good" trih

poit; 2)t pr'dit anev, first differ~nce-
MAP 'Af latip bortnumrber Fiving tbo valie, )~f'

L'he le s'tsign Ifi cafht;ambI-iy 25.
rpetersodti InSe cseoiJ~ale to beTHD toerte oyt~.~83c the pro rtih

SPAN for which -ed.itir'g will begin.
BADI, t X The, maxiarain numbe r ofscces e1 p

which will be tolerated.

N D - thci runiibr of "bad" saifiples encountered
-AII An alpebrI'c sum of. 'the jumber of =L ,bui'ti~s

edited

~'LAKEts - The nfrhber of "the- fist sam'le
l nnuts ArilhjY LEDI1j LOUT, MSAIO., NS04N'j,. "A1B, SNOISE, DEL2MA,

PAPI4AX, LAKE
'bututs. ARAY, NBAD,, NAMM
IIIL iesCnalled: ENTT, CCNSMP'

Tllt JS'AMP data samples aire used to' dete~,njne an amwe-ralre
£f'd l~feren.ee. Ti~s averape second d'tffemi~ce is, compal ed with

b-8UINX.,If t'exceeds l.t, the span i&~ then sa-f tedi 'one sa~mple.'
e pode E s.ccortinued, urt.1il NSAMP ' good"' 'eaiples ate Sound.-

ie fb~ topi, data ismples 6re used, to P~dc he-V fr's

dil efnceforthe socefedinly samnple (iir 'end' ,poIiit' -Predicil
4- ~~ dicted- and'esre is ditfi'ras ahd *e otse g~l 'he used,

to leee, mbihditien. Onae. 6f thiioedhes will r' 'ult; , ,f) tile
'rarhplose oo cis it st 'ds '(h) there are ah intee* ubroto ~ meaure firt d~fe~encs ad t e (otea j -uter 6 fd

T- 1 5



-NO.Gt2r5 EIOTSR-; pg., 2

,:vi t e s to r6mie Yhe sample TS ext4raheous'.

3. A e-xanoussvy.pl- illresiilt Ilt the predi.etad first A.if'-
i'ererce .. lr~ sed v ,jec to tihe COr.~iit~o:. 11hat no miore than

T4,TAX uvcssie e xf h'mecus samnples will4 ve tole rated,
DM ThAX Is, ex~d4ded,,. tne pror-a wfll (,ep I aga'in as It, Step 1.

4. 7-e correc-'3d 4.- -s~r~Ple- will be i'ettr..ed where iiie raw sample
w-.s fon.wd. !?ei :xrr 0t. LOUCT tY Iollo~l..e ir-forn.ia~'& .4
stored t sc~k ir'o A PAY:,

I.OCT'1 - x lw i' d i f f e rce
107 - Correct'ed f~rs' Aiffevence,

017 rorectQA

wh1,ere n sample iks ". " he %Iuafi'er 9. ill
erecorded as t~ie corxev 101.

5.'wo cx.. ft rs' ore o u~ ut., Te fIrst i's e number o'L "'-ad" sam-
P.es inounr-J ', adt secon~d Is t~e;u~iof least zienift~n

~'I"2.i~sco-rected. Tniws vicond coiniter Is alrseiuralc, A.e., an
azt.lxty added Is cou; Led pos!.t ivsly a),d- an kmLig.Aty subtracied,

fc inore than, one Uloek oil coi 1r4nious data is Ivo te e~ited', prior
I, fIrnatiot. c~ e irxserte'I , o-verlappiriu' Ihe '-lockse of data
S%?., that '%..-e ftrst N'JrAIN sipe of ' ock have previously b~ee,:

T-16



N 0' ' 0PROJECT: SH:1AN rotncEI

'PURPOSE:, To usc paranivte~s of the CALL staiterne.nt to:
(I.Remove integral multip~e of tile lukst liiian'miut

f'roxn the ~datd,
T2) Io reject spuriousdata.

USAGE :
.Caing Scquevnce: CA LL.A J XX P EL COU NTB3

V SNOISE, AMI. rDELXM,. DELXC. XC, GORR)[4A:rgumeints. X M' - Measured daita s'arnple
XPR - Previous edlited Sample

DlELXP - Pi-edicted first difference

-COUNTB, - NumibePr of .5ucces.s,-vv "baid" samnplos
SNOISE - Noise gt
A.m1 1 - Least s-ign~ficant ,k-,-nigu~tN,

DE XN4 - Masued first diffe-rence

L)ELXC - Co rrected fi rst ( dffe rvce
XC - 'Corrected-data s:tz-pltc

- CORR, - Correct-ion
3. Iniputs: XM, -1XRRl, )E:LXYI, COUNtI-'., SNOISE, AMB I

4. Outputs: COUN'1-13, DELXt,4, DELXC. 'KC. COJR
5. Routines Called: None
.6. Litikage: None

IMET! 10:-
The inpt. valutes are used to ed ,t thle data. One~ C irt~t t ikgs

wJil happqn:
>1. -The data will'bes~ood and rc~iiire no correction;-
2; "he data-contains an integral nuinbe'r of anibiguitues;
3. TAe data is extraneous and cannot be edited, in whi-ch case

C-OUNT13 is ince.mented, CORR 9. 0-, DELXC; DELXP.

RE MA RKS:
.Prima rly used with the ED[T.iR,.

T . 1,7



110. 55 PROA~CTv Fiehbtowl-
TITLE: Smoothing
CATEGORY Utility IDENTIFICAT:IONl:. Subroutine dC)4Sl'R
COBE: ~Fortran, - 62 CDC, - 1604
PR0GRAIM4ERz Terry Yuen DATE: -6-27.!63,,

?URPSE-.To compute smoothing coeifficients-and smooth input datai.
U .GligSAGnE:CL CS~(,L , ET 4,OES

~.Argumentsl* N -Total'number of equally: ipaced data se~mples
within an input svpan (N i 10oii

L The-,order, of -the derive ffve (L * 2),
K -The- degree of tbe, polynomials'-t !M--

M The desired output position of
the interval. (K4 = , if the left most poiht
lof theal interval is, doisired)

DELT - The time between-each' success'jve data point
COF - Smoothing c6effici~ent&
MAX - Output point

3. Inputa:
4. Outkots:
5.Routine6 CvalI'ed: :Jone

o. Linkage;, DIMENSION M4(101), COEF(l6i)
YBTIIOD:

M~AIMS:,
ThIs sOubroutine is_;prizariiy u-Sed-for smoothing da~ta;, if the- use
requir'es, only 'smoothing- codf ficients, subroutine S' R should -be, used.

T Y-kkbT-I



NO. UT002' PROJECT: Utility
TITLE, Least Squrres Moving, Filter Coeffi cie nts -Coinpuitationi
~CATFGORY- Filtering I!DENTIFICATrION: Subroutine S5CR
CODE: Fortran 62 CDC -1604-

K 'PIW~b'IAMMER: Terry Ytien DATE: June 1964
PUIRPOSE: To determine coeffic-ients 'to be used in a Ic d.b t squarcs smoothing

routine.

IUSAGIE:
1. Calling Sequeince: -CALL SCR (N, L, K, Mv, ;COEP')
2. Arguments:I N - Total' number of equalIly s paced -data

J sa'mples within ah'Ii-iaput span

~ rL - The order of the derivative ('LrnaxzZ)
K - The degree of the polynomial (Kmax=3)
M - The desired output p-oint of the interval

(,M= 1, iitsin the left -most point, of the
- ~'intei v .1).

_COEF - Coefficients computedi by this- subroutifnc
uised to reduce the varians and to obtain
'h ~irdotu uniy

3'. Input: NL, K
4. Output: M, COI:E;F

- '5. Aoutines Called-.

METHOD: This subroutine computes a set of coeff c ienfts which are u~sed fbr
fitting a given function. The number of-coefficients depends on
the Lova ni'umber of an input.-spa1 of samples. The fiumber of
coefficients is nomninally lImited to 501 points.

REMARKS: Revision of original routine to accommodate additional
couffici tits. (L3P-)
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PROJ0CT: Geodetic SECOR

T t .. . List ES Tapy
I"ATGORY: Special Purpgse ID-AT!FICATION: ?iogratn EXAM2
CODE:. Fortran 6" CDC 1604
FROGRAIIM.R: Dennis Wilson
PURG3l: To provide a lisv.ing of a Geodetic S6COR 8S Tape,

USAIZ: 1. Card Input

(") Title - 80 columns 10A8

(2) Number 'of 'apes, number to skip 215

. Munetic Tape Assianment

Une "' tape on logicail unit I

6. Printout

(See FA332 - no raw list)

1. No ,provision for multiple tapes.

9I

DC 'rwj
T-ZO
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INO. G300 PROJECT: Goodetic SECOI1
TIT F : Simultancous Modo Satellite Positioning
/(rE-GOIY: iData Processing IDENTIFICATION. Program I?ASS :3

CODE: FORTRAN 63 CDC 1604
PROGRAIMMEII: )ennis Wilson
PURPOSE: To input three or four ES-tapes, time synchronize them and
goibiirate a satellite position (SP). tape.
USAGE:

1. Card Iqpu
(1) Title card IOA8

(2) Indicator card A 615,
I. Input code
2. Number of tapes to-synch
I . IC correction code

4. Number of samples to skip,
15. Sloie for iC .mode!'

-6. Electron density for IC model

(3) Time interval
First tittme (1I, ir, S, MS) 1215
LiSt timo
Deltai tme 

P - -(4-7) flase st'jtion locations

(latitude,, longitude; height, name) 3 (E17. 1 0 3X)
(S) lRange Calibration, 4 (Ei1.-10, 3X)
(9) IC calibration- 4 EI. 10,'3X)

tThe or four input ES-tapis are mounted on ]pgical units
1 through 3 or. 4. The output SP tape Is-motmted on 'logical unit 5.

- 3. Printout
z,.. istiner ofinput Cards
b a. '.- station dataf

... (1)" Sample Inum ber (I ,.54 h

= (2) c_

The time-from tape I is ]islgd unless a tine
drift-onT'Ihas occurred inr which case it. is til time from tape 2.

(3) Trackers

The four numbersindicate which of the four
tapes %yerctfme synched-at - this point- (e.g. 1234, 1230, or 1240, etc.)

'The rangeto the ,satellite from tatlion I (name
appear's inhoadng) as d~termined-from, the hiput survey and the sdlutiqn
using stations 1'23.

.T 24
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AT (5)- AZI
The azimuth of-the stltefroin station L.

The elevation Ofsthe-satel lite I frm stlton,,t.
(7-irwrhe iiifbi-mation of:&l1fi) -Is repeated for the

()LlI threeC Stations.
C. Pae2 - satellitej il n

(I) Sample number (correspontivn to that-of-page .1)
- (2) -Ti (same as page 1)

(3 -) L.ATITUDE. 1.-LNrIGITJ 1~j1;IGTII
Trhe latitude,. We~t longoitude, and height

above thle sphcroid as iete rm i nedl rom the -solution-using stations 123.
(i-)XE"' YE. ZE

TP i equato rial c oordina tes as determin ed
fromr solution'123.

(9-I) EQ9 E 1 10CITrY
The siillit-L vclocty in equatorial coordlm'tCts

ats (letertn ined from range and- range rate data froml-sta tions 123.
d. c. o -r r e t ion s

(I) -S. I e,,n u ber (corres'ponds to-that of-page 1)
(2-51 T1110110- REFR. COR.

4. The tropospherte refraction: range correction
dtote ril ed-from -tile model for stations. (Subtracted fro m ranges.)

(6 -9) MEASURED IC
Tlhe -med§Utredl I for -the--our §ttins -(subtracte~d

f romi rang"es. (Io - 3
Tl IC Correction 6orutdfonthCm el

using- input slope an(Le lict rcn-d(lns ity for- the four stations, (subtracted from.

"he transit time correction -for- the four ktations'
(added to ranges).

C. Pae 4 -ermnuted satdllisitiohy
(Only applies and-is printed- if -four Ltapes~are syncedl)
(1) 'amLnLe nUmber_ (corresponds-to that-of page 1)-

-(2-4) LtSSQ '0F PEMUTED SOLUTIONS
heirhtusig he ~ur 41he- averaia latitude, West-. -onjit tide. anrd

heiht sig te furcombinationsof thriee-trac king -stles..
(5-16) VARiATION OF PERIMUTED SOLUTIONS_ FROM,

ISSQCO 0011NA11ATON-
' - 1'~ile differenccbetiveen -the avergesuio

-~above and-each of the four -individual- solutions is takell aid -the: difference

T-22



Th1l 0001~e:111,11 Seconds)-
2 IIIlH

4 D),
0;~ Numb!er of trackers

-

9
10

12 R~ange
113 Ilatige Rate
14 Rlange Aci~loration STATION I
15- Siloothing Rsda
16 "Meisured IC
17 '7Range Tlropo V7 'TT

18-

203
214

-~~ - - (Sali Cforma."t asA)--ST IO 2

23 G

34

308
:1
30

'332



4*;

412

13

45 (same ormat as I) sr ATICYN 4

47
4P

50

32 T'1.

53 Z

-I Xi EQUATORIAL COORDINATES
I'SING TI IRE I: TRACKEIRS

05 y
56

57 XE
'( 58 y "

59 Z

7( Lalti rude

71 Longiude STATIONS 123
,72 -eight

73 Latitude
74 Longitude STATIONS 1,24
75 Height
76 U4ttitule
77 I.ougitude STA'rIONS 1:34
7S Height
79 iAtitude
S0 Longitude STATIONS 234
8 Ieight

82 Latitude
;,3 Longitude AVI SOUAGESO [,TION-.

4- (leight

C00,

T --24
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1. The input, codes ave

2 - 1,2,3,

3- 1:, 3.4I

2. The units arc dcgrueo-s and meters,
:3. -The unknown station (if mnv) is number four.

- '. Failure Of the ties on the four (om three) tapas to agree
within 20, 6'is results in a diagnostic (time drift on unit 1to be printed

NCO-
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No. G505 PROJECT: Geodetic SECOR
TIT'L6: Tape Time Sync and Search
CATE;GORY: 3pecial ?u-pOse. I DN RIFICATION: iu-brputine- SYNC or
CODE: Fortran 65 ,IjC 1.604 Subroutine SSAROH
PROGRAIMER: Dernis Wilson.
PLRPUO_-3: SYNC: To synch three or fou? ES'tapes i'o the f'rtit t ime.

3SARCH: To search the three or four ES tapes for the next time.

b3AGr: 1. Calling Seouence

Call SYNC (NTP, NSKP, TIME, DATAIN, tFOUND, K, :NSYN, TS)

OR Call SEARCH (NTP, 143KP, TIME, DATAIN, TFOUIfD, IK-, NSYN,, TES)

1IT A code indicating which tapes are to be called
1 = 12. 4 = 234
2 = 124, 5 = 184

NSKP No samples to skip

TIME A 5xl array gving' the first,; las't and delta time.
For '32ARCH TI.E (U) is the desired tims.

DATIAIN A SOx4 array of input data In 3F tape format.,

TFOUND The time found on tapo 1.

IK A 4x! array giving' the -tape units being called.

NSYN flumbcr of tape units signed.

TS FA 4xA array giving the rela-tive tinie' bias of the
four (or, three) tapes.

.RMAF{ 3: 1. Puffering is overlapped,

-- T-26
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TITL: Permuted Solutions
CkTEGORM: General Purpose IDENTPIFICATIO1: 3ubroutin 'PEIVUT
CODE., 'Fortran 63 CDC- 3:604
P11OGRA10B R: Dennis Wi-Ison

~itPS: To compute from the ranges of four trackers 'he four, possible
three-range solutions.

U3A~g: I. Calling Seguence

Call PEMUT (STA,. R, RV, RVAV, RES)

STA A brt array donsisting of the latitude, lon gitude
and height of the four trankers.

R A 4x! array consisting of the four ranges.

RV A 5x4 array consisting of the four solutions-
in latitude, longitude, height.

RVAV A-6xl array giving the average solution in
latitude,, longitude and height.

R iS A 34 array giving the difference in letitud ,
longitude aind height of each solu-tion 'tfroin the
average solution.

RE1R3:
I., Units- meters, degrees

2. zongitude is west longitude.

3. The order of the solutions is:

1, 2,3
Ii~ -2, 4
1, 3, 4

2, ,

DCW/4
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!;C,.JG~ M( t eode tic SECOP.
TITL : Comutation of Velocity afid A6r6lerAtion f rom R1, LR., Li
VAISGORY Geea hrpose I'DENTIFGTATION : SuIbroutine :TSTVA
CODS; Fortran 63 GClt3O,64
F!RCAME2R: Dennisq Wilson

PURP3Ji ~Z: qouerrg r ee~ elazeation frcni each of three t~racking
sites to determine velocity and acceleration.

L3AQ';: 1. Callina )equen~e

Call TSTVA (83tA-,. RV_, R, RiD, RDD, V, A)

STA_ A 3'xa arrakr consisting of tracker coordirnte[Is

relative to spine cartes~i'ar coordinate system,

_1 2 Z31

H A: 3xl array consisting~ of the' .,y,?z coordin~ate 's
o I the 'veh1icle, in the sanna -cartesian coordinate-
Sys L-inn

~ ~J h ane rnera'e and~ range accelerati~on

observed at the, tracker.,

V, *A Two. 6xl -arrays, giving ths velocity and
-acce_!% '. ation In the cartesianl coodirate system.

1.Th- coordina te syse rdteuit r -arbi'rary.

11-28



W6. -G32a PR~OJECTI:
''fL:.Rota ~iow. to Tracker Plan~e ySter -6

CATEGORY: UtIAl'fy IoENTIM'TION: Fublroutine POTATE
ODE: i'-tn 69 CDC - 1604'

PPOGRAYNEP: Den: Its Wson bA t Nay 18, 12ttIPUFPQ !:- To iPot~a to a- Cartesiaz cobrdliate systen centered *IV base,
statriof ort ir~to 8 new syte uch, Qiat the X,? plan~e .pqs.es
1hro'.h atwo otiei bas ttatkona 4rd- the rotaton, is, about tChe X
and Y sixps onldy.

*1. Can-11r Ceu~ ALL ROAT, (APPAqY1,ApPAY2)
4?.. I ri, s: ARPlAYl P Wx array of~ the stator* 1o,,atA"ons

(il statich .oi,,e will1 6~ '101, )". The
first st.L. ript 'r~fers to YM and the

t~~n o tLhe st.atior ii~mhe.
'A!FPY2 P- xS array -of fie rotat16n, mratt to

~. Tpvt: APAYIrotate 'Lromn tie old 1o t',16 rew systtem. '
F. upu t: rAFFY1 4

5i ?o CIae (lea: .Noqze

Ti~k- roiatjcn mqtrix, Tl, is~ efplusted as jollhws:

T7

C-Sin;~CO - S3i;' 0 20 A

-' I-

2- Z 4l
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11O. C0lIO -PROJECT: General
TITLE: Compute Ionospheric Refratioi
CATEGORY; Utility- I DENTIFI CATION: Subroutine IONCR,
CODE: t6rtran 62 CDC-1604
PkOGRMMER: reid C. Fprbias, Jr. DATE: -March, 1964'
PURPOSE: To comiputte the ionospheric refractioin correction to ranging

using an empiric'3l.-model of the ion phe-re,

*USAGEk:
1. Calling Sequence: CALL IONC^R(-R-,SIN,DRIHO)
2. Argunents3:

R. Slant range -in -feet
SIN -Sine of elevation angle
DRINO,,. -Range cbrrict ion in fet.

3. Inputs: R,'SIN-
4. Outputs: DRINO
5, Routines Called: None.
6. Linkage: N6ne-

METHOD:

T -30



NO.8 RJEI, IA

HITIAu1 ubotneRYE

C .&Cal: n Sauece TI.G , riC sTI ~:Sb tIn,G

2. Argumnts:
- S -Iatual diitince fromn th: 'sta&tion t, the device

- - i~ht t,-' the device qibove the svherwj surt'Nce
n"i; --.tno stltimr Above the sohuro riurllace

I - RUidlus o-.' t- oho ro
G - ir h sthdro bet-mean radit extendinv- to the

stti'.~naLi device :'rom the sphere canter

3,.1nu s '~d -,:-.- -,7

C-, x - -rm. is rtorncdlj r el. uxxjt1rt~ ter rvinoe tin -

2

R
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NO0 G2'oo PKtOJECT'I- Geod~etic SELCOR-
T'TIH: OF rbital Mw'I( Sielito TPo'Aion
(FATI* U()RX I);ta Pcot-usng IDENTiVI(AT1ION- Program GSORJ3
COD)~E; 1 OWf A N G;:;_ C DC 1 604
IPROU)(1N -\. I Ell: D01111is Wi lson
I5L'RP0SE TIo isv input, iijection vector-s to,-pxedict- the- satellite po~sition-

at( Litoes found on th& irerote site ES-tape. An output- tape 4n, the
foriat of he simultanoois miode ST., talk, is, produced.
I'SA;Y-

11) Orbital etubiio at
CO I (E,?17- 1. 3X'

FM!)-~~ 4(E]l7i1)~X
X 0. FMASS, EA- 120. 2 (E-17.-10. 3X)
(TIhis set of cards is input-only once arid is generally
left alt tched to. the dock)

h' TViCl Card (I0A8)
(~Times (for ES tape)

First time (If. MM1 S. 'Is)

(.1) rndiea Lor -card(11)
(I . Ntiniiber of uinknowniistationi-stilly- 4).

2. Numrberi of- saniples-1to- skip

t"enths- of seco nds - .i teg ra tioii-a :uid:rec ti fib ation-
intervals-

15. Slope -forI oe
l16. Electcdn densityj- I. oe

(41) Station Loea Lion- Ca rd 3(L-17. 10, 3X)A.A5
(5) IrijCeLiOr. t In 11C MI,.I S. NIS) 115- -

(6 ) Injection powsition vector (EQ coord.): '3 (E 11. 10, 3X)-
Mi Injection velocity v~ctor -(EQ coord,.) 3 (E -7. -1 Q. X)
(8) -Calibrition constants -3(FXj7. 10-. 3X)

Range, 1C. 'time (§eonds)-
(!'- oethan one dlme interval repeat ca rd s J-8) -

2. MagnLc- TqPe -_As pguent
One ES tjx for the uinknowni station oni -logical unit 1.
Onie otput tape (PES) on -logical- unit 2.

3 Printout
,1 LislinLg of he-Inu ad
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(1) SN I
A currulaItive Count of samples

[(2) Time
Si(3) Latitujdc

Predietci iat~tud~e of- the satellite

(4)
J) redlfeted 'WOSIL longitude of the saicilite

(5) ]IJGT

Predictpd lheighL if Satellite above spheroid.
(6) 11C.1 o te ukno n satin. The range frdm' 1the predChted. satel lite point

(7) ':

vhc i~ul of' the prcdlctedi salchlile pit
wYith rpetto the Unknown statio'n.

(8), EL.
The elevation o' the predicted satellite jx)Int

w, ith resipect to the unknown station.
(m) IIIC

The predicted range rate at- the -unknown station.
C. Patre 2 _

(1) SAMI1-'L
(2) TImie

ivibasprcd 1Lngc -from i1he-unknw~n-statiqui in
meters coi-retcd',for ionospheric effects. VropQspheric- r~cract ion, trans it-
tie, and calibration.

Th'le differeunce beCtween the measuredl and

predicted ranles

(s) RI)
The mneasure~d ronoserie atretheikon staretioi

in %eterg'se
is ~ ~ (6 RI)M-R46dDroCte

iwedictcd~~~~~~~~~~~~ -33~-Tedifrneletwc h eau n h



k 'The ionospheric coy rectlon fro m th&, ,inalytic
mlode~l hiU ipOttes 1~iV~if 4stibtracted from the range),

(10) -(N)R
The trojxbspherkc xrefiaction correction.

((o've~tion is subtracted from the range.)
.1, ()utpLLzqap Format -

-See PASS ;5'desrriptioii. Sufficient data Is packed in
this folmInat' to al low use by PASS-1.1

1. - L'n-s are degrecs. meters. and I'leters Sec.
Th f1 i rst tinle for tile ES tape riust exceed-the injoctionl'ime.

T-34-



VO: G510 PPOJECT:, Geodetic SECOR
TITLE: inverse 'Geodetic 'Problem
Ckm~oult utility IDE1TIFICATION: Subroutine dbSIC
CODE: 'Fortran 63 CDC 1604
PflOGP.AR'4: DNnnis Wilson
PUROSE: To use 'the :tatitd and longitude for-two points on the earth's-

su .Vace given withi respect to some ref~erence, spheroid to coMpute
the geodesic,, A 1, A 21 whe~e A iiis the azimuth. from i to J.

USAGE:

-CI 2.DIC ;!,~Xurl XLONGi, XLAT2, XLONG2i A121 A21, 301) ln;iue

degre)
-A12- 1A21 -azimbths~degrees CW from north )fSGD Geodesic mebs

I.. The jr.ethod as outlined in- the- foli-owipg referenice was u.-ed':

Sodanoi E. M-i, G'eneral Non-IteratiVe -Solution of the--Injre q
Drect Gitic 'robeinsv esearl "d hi 1

'T-3
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Nh:' G511 PROJECT: Ge&etic SILC0R
'ThE: Direct Geodetic Problem

CA'T-1 4RYs, Utility IDENTIFICATIONts Subroutine DIRECT
I40E: Fortran 63 CDC 1604
?IfOQRAIt4SRi: Dennis Wilson
flJR-OSE: To compute the latitude and iongitude ofCa point on the earth!e

surface with respect to some- reference spherdid from the latitude
and longitude of the othei end point, th jiedesic,.-and the
azimuth.

USAGEt

1. Calling Sequence

CALL DIRECT (XLAT1, XLONGI, A12, S, XLAT2, XLONG2, A21)

2. Parnmeter. Lst

XLATI, XLONGl latitude and longitude of point 1 (,east
longitude, degrees)

A12 Azimuth (CW from jno th) from point 1 to point 2

S Geodesic -(meterj.

XIMAT, XLONG2 latitude, -and' lorgitude -Ot" -point 2 (east
longitude, degrees)

A21 Azimuth ( W from north) -rom point 2 to p6lnt 1,

1. The method as outlined in the- foilowing reference w69- used:

Sodano, E. M., General oo-IteratW 'c66ution o 'the Inve re and
Direct Ge6detc Piz 4' ; R4s'4arch and. a lyie
Division, U.S Ar Engineei' (GIMRADA},Ft. Belvoir

L~rginid; Aprilj, 3,963.'

T-36

DCW:kkb



No. G 5oo PROJECT: Geodetic SECOR

vTr: G~od ti6 'SCOR Line Crossing
CAtiEGO1Y:: ,)at- Processing IDNTIFICATION: Program GSJI140

L0DE Forr~n635 CDC 1604
-fRcGRmmm- Dennis Wilior

~2 fPURPOSE,:. To ~determine the geodietic distance between two points using

a satellite line crossing.

LUSAGk;;h' 1. Card Inp~ut

(l) Title - 80 columns 10AB
(2)' Indicutor Card 1615

SNDI Spar. lingth
M\D2~- Stetion #1.
INDS -. Station'#k ~

IND4 Pr~in nteprmediate results 1=yei, 2-no

Loc, ateit;,tion

(-)F .tm (1i, M,S,,Ms), Las t i215.
time (Hiy4,3,143 D ta time

On S ap n oi'm sun itne rDlstd

"'h inpt a'thae lsatel.ite slutio.aaabu h

21of~f no rosingoccurs, the output will ba meaningless.

KrWw



o. G515 *R.tCT: Geodetic SECOR
- 'UTITLE Deteirmine Line Distances _

l ~ O,'M;GORY: General IDETIiIATONl: Frogr~rn LINS
Foi~ rtran -65 '= 1604

PRORAIMMR: Dennis Wilson
FUVC3': Tro provid*.e a listing of~ th6 geodesics between points

on earth' s suri'ace using the GDSIC, subroutine.

USiAG.,: Ca-rd Input

P'airs of~ station locnition caiids.
Lhlltlcet Iongltide, height, station namne Z(EJ.I0,5X) 4AS

FrIn tout

input cards, geodes.1c, fizimnuths

I.. :,-her Clak ca- initernational spheroids may be
jaued by e.-:ang-lng the sibroutine GD.310G.
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SNO. 41!-0  
PROJECT: SH!1RA NTITLE: -Lttude, Longitude, Radians .to Meters and-Azimuth

/ CATEGORY: General TDENTIFICATION: Subroutine INVERS[fCO0: Fortran 63a

P. ....... ER: Robert Ebert DATE: March 19, 1964PURI,'OSE: TO compute azimuths a nd base line given the latitudes and

'longitudes of base stations.

USAGE: 1. Calling Sequence- CALL INVERS(-FEi,FE2,F-l-,F2.,Al2,A2£ S )

2. -Arguments:
FEI - Latitude at site,1 (Eastern)
FE2 - Latitude at site -2 ,*iest6en)
F1 - Longitude at site I ,(Eastei )
r2 - Longitude at site 2 (Western)
A12 - Azimuth from aite 1 to site 2 (South to East)
A21 - Azimuth from site 2 to site 1 (South to West-)
S - Distance between sites

3, Inputs: PEI,FE2,Fl,r2
4, Outputs: A12,A21,S
5. Routines, Called: None

IMETHOD:

REMARKS: Units are radians and meters.

1'
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NO. G600 PROJECT: Geodetic -SECOR
TITLE: Punch Equaorial Coordinates on Cards
CATEGORY: Data Processing IDNTUICATION: Program SPUNCH
CODEr Fortran 63 CDC 1604
PRUGAA :~4 Dennis Wilson
PFuROSE: To read a satellite position tape and 'punch onto cards aid list
OSAGE: satellite -position in Equatorial coordinates.

1. Card Input
(i) Nuiber' of sanples to skip (15)
(2) First tine (H, MI, S, AS), last time -(H, M-f S, MS),

delta time (H, "M, S, MS) (1215)

2. Gard Outpt
(1) Injection vectors -- fme, X , YE, ZE 4(E17.10,3X)(2) ,, Tnec~ - .... E, E, z
,(2) Injection vectors -- X , Y , Z. 3(E,17.6,3X)
.(3) Satellite position- ime. Xp. YE' Z; 4(E17.IO,3X)

3. P-intout Foriqzt
(8ane as 2)
The number of inputa samples is outpu- 'at end.

i{.ENARKS:

ff

'4 4
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10: G605 PROJECT: Geodetic SECOR
TITLE: Punch &quatorial Coordinates aid Velocity Onto Cards
CATEGORY: Data Processing IDENTIFICATION: Program VUNCH
CODE: Fortran 63, CDC 1604
PROGRA1M. Dennis Wilson
PURPOSE: To read a satellite position tape and punch onto cards and

list satellite po.ition and velocity in equatorial coordinates.
USAGE:

1. Card. IpDut
(1) 'u~b6br of samples to skip (15)
(2) First time (H, M S, MS), last -time (H, M, S, MS),

delta time (H, M, S) MS) (1215)

2. Card Outvt(I ~r--~. X,, ....tio Y. E)Z E  4(EI17.10,3X)

(2) Injection Vectors-- , YE, Z. 3(E17.!O,3X)
(3) Satelllte position -- tiqe XE: YE, ZE 4(EIT.IO,3X)
(4) Satellite Velocity - X ., .f ZE time 4(E17.1O,3X)

..... (3nd (4) repeated to Ias i'Ze)

3. Pritout Format
(sae as 2)
The number of input samples is output at end.

24Ai RK S:
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: *. '0>9 PRCJiCT: Geodetic SECOR
.'ITLL: Compute V'ravitatiortal Acceleration
A'rE6CRY: General Puirpose IDENTIFICATION: Subroutine GRAVITY
COD: Fortran 63, CDC 1b04
I-RO -G- - : Dennis Alison
PUIGSi: To compute the gravitational acceleration at a point above the

-earth's surface using zonal harmonics. Constants of Y. Kozai
are used for the computation.

USAGL. 1. Callini- Sequence

C.L GRAVITY (Fi, ?, AC)

hP -A 3xI array consisting of the unit vector from the
earth's center to the point;

rP() = cos cosX
i.e., FP(2) = cos s sin X

L

2 - The range from the center of the earth to the point.

AC - it 3xl array consisting of the equatorial components

o.' the acceleration.

RE1.OKS: 1. Units are feet.

2. Two versions of the subroutine:
(1) the total acceleration is comouted
(2) the Mirst harmonic (i.e., I/r ) te m is deleted so that

only the perturbations to a two-body iield are retained.

. The inputs are referenced to the international -spheroid.

4i

I
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No. 3~400 PiROJI'C Geodetic SFIGOR
TItT U: Unknown Station Solution -3, 3
CATi GCR: DatLa Processing I~TFC~Q:Program PA33 432
OUjDt: Fortran 631, 0'DC 1604

PURPUci: To compute the position of r ~inr~ now.n fouith station from
two spans of' sateliLe position .nd range daLa.

(1) Title Garr' - bL. co~lumns I0A8
(2,6 "'lne Gard3: firs-t time (fli,i,3,M3) 1215, 15X, 15F ~~ttine (11,M,3,MS), delta time-

MS p,1a tu,.>- number
1: i2, 5)

:k ,,gitude, height)

2. ~intc h~A.1~rw

One or t-wo- 3IF tiape-: nssigne& tc IMl, and/or

ID curreapnding ic tims cerds.

ZJvq Urjknc.qi sta-r-4i, pcs-ton Is coiputed with eAch
succeeGii4g set of two 8L]..t c~s-,iof. The results
of encih zomput1cor Fire listt-di wjith The dvi!]tP~r frox~ the

rIjpuL IZS~tICn f~." 'le rVerge s02UIjC-.. Ths ir ;.recedad
by' a z-,rL-w, y ~f~L1f~in-,t eaua, sverage devia".on from the
survey do,,3 Uis n -I error.

I. Th ? shc'rta-t of the thr'es spons'~tr1 the -number of

P. Twc spiz.. Tiv-~ be taken ofl on~e 3F t~ape as .or~g as thef earlitest rspnn timewise is ill the Jack first. -
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NO, G321 PROJECT: LRSS
TITLE: Two Range and Height Solution
CATEGORY: Utility IDENTIFICATION: Subroutine TWBASEC
CODE: Fortran 62 CDC - 1604
PROGRAMMER: Dennis Wilson DATE: July 22, i963
PURPOSE: To compute the location of.a target, given the ranges from two

knon trackers and the height of the target.

USAGE:
1. Calling Sequence: CALI. TWBASEC(ECB, RANI,RAN2,11,SIGN',POST)
2. Arguments:

ECR - A 3x2 array consisting of the two trackers' geodetic
latitude, longitude(wast), and height

RAN1,
RAN2 - The Panges from the two trackers to the target
SIGN1 - The sign associated with the solution
POST - A 3x1 array consisting of the target'ls geodetic latitude

longitude (west), and -height
3. inputs: POS, RAN1,RAN2, H, SIGN
4. Outputs: POST
5. Routines Called: MTXP, MTXT, QUTS, ECGD
6. Linkage: None

( METHOD: See LRSS "Program Description Document FADAC," by Autonetics

REMARKS: All units are-meters or degrees.
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NO.. 4,15 PROJECT: CGeodetic SEGOR
11ITLE: Compute Two-body Predi ction in inertial Coordinates
CATEMORY. Trajectory IDENTIFICATION: Subroutine TdBVIN
CODE: FORTRAN 63 CDC 1604, 3600
PROGRAMMUR: F. C. Forbes, Jr. _ DATE: 3-31-64
PURPOSE: With the injection vectors RE V. . and a time interval given,

predict the position and 'velocity vectors based onKenlerian
two-body Liotion at a time increment DT forward of -II VE.

USAGE: Calling Sequence: Call TWV!N (RE, VE, DT, RI, VI)

Inputs: RE(3), VE(o3) = position and velocity vectors of a
vehicle in freefall expressed in
earth centered, equatorial coordinates
and in units of feet and feet/second.

DT= time interval in seconds over which
the two-body prediction -is to be performed.

Gutputs: 1i(3), VI() = predicted position and velocity vectors
of a vehicle expressed in a non-rotating,
space fixed (i.e., inertial) earth
e'ntered coordinate system and in unitm
of feet and feet/second.

Routines Called: None

Linkage: Explicit transfer

Mf HOD: Kepler's equation of mean-motion is iterated to give the change
in eccentri," anomaly, which in turn is used to compute integration
constants 'and' then the deired forward' predicted Vrectors,

REMARKS: The iteratior. of Kepler's ecuation is based on a convergence test
gi-ien b y

1+1El -AE0

where K = ').0000001,x ZE

2IE = change in eccentric anomaly.

A variable K allows control of truncation and maintenance of
prediction accuracy., This routine is very accur(.te and is used
-primarily in conjunction with ENCKE's method of trajectory
6,rediction.

! IT -4I 5
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NO; TP006 PROJECT: Bluerock
TITLE: Net Perturbations
CATEGORY: Impact Prediction IDENTIFICATION: Subroutine NETPT
CODE: Fortran 62 CDC - 16011
PROGRAMMER: L.Bruce Palmer DATC: June 1964
PURPOSE: To compute acceleration components of vehicle in free-fall, given

position and velocity.

USAGE:
1. Calling Sequence: CALL NETPT (RO,VO,AC,KP)
2. Arguments:

RO(3, - Position vector in equetorial coordinates
VO(3) - Velocity vector in-equatorial coordinates
AC(3) - Acceleration vector in equatorial coordinates
KP - Code: KP 1 Add drag and lift effects

KP 2 Do not add, drag and lift effects
FMD - Table of drag coefficients vs. mach. speed
NO - Number of values in FMD array

CO - Fit coefficients used in determining acoustical
velocity

FMASS - Masq of vehicle (lbs)
EA - Eff itive cross-sectional area of vehicle (FT2)

3. Inputs: RO, VO, KP
4. Outputs: AC
5. RodrinesCalled: GRAVITY, EQGD, ADENi ACVEL, DRAG
6. Linkagg: COMMON/PERrJMD(20, ),NO,FMASS,EA,CO(4,6)

METHOD:

REMARKS: Units are in feet and seconds.

-4-4 4
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NO. TP 005 PROJECT: Bluerock
TITLE-: Predict Free-fall Position and Velocity with Perturbations
CATEGORY: Trajectory Prediction IDENTIFICATION: Subroutine TBWPT
CODE: Fortran 62 CDC-1604
;R' RAMXER: Fred C. Forbes, Jr. DATE: January, 1964
PURPOSE: Given injection .ectors predic.t the position and vilocity

vectors of a vehicie in free-fall at a future time.

USAGE :P, Calling Seqdcence: 4ALL TBWPT(RQ,VQ,CT,DT,RN,V4,KP)

2. Argu-ments:
• RQ(,3),K 'QC3) - Vehicle injection vectors in equatorial coordinates

CT .-Time interval between re':tifications of acceleration

DT -Time, to be predicted ahead

YN(3) - Vehicle position and velocity vectors at time
DT ahead of injection in equatorial coordinates

XP - Code: KP=l Lift and drag effects added to

acceleration
KP=2 Lift and drag effects not added

3. Inputs: RQ,VQ,CT,DT-
4. Outputs: Wi,VN
5. Routines Called: TWBVIN,NLTPT
6. Linkage:

METHOD:

REMARKS,: Units are feet and seconds,
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N~. 0400PROJE~CT: Geodetic 36COR
jTIT L: -Unicnowh St,-itibn Solution 5, 3

QATSG0RX':. Inata I rocessingi IDENTIFICATION: Prograin PiUS 4
CM,,: -For~tran, 6&', CDC '1604:
?RHGI1,111/18A Dennis 41llc
PUPdOShE: *To compute the positLion o1' in unknown f'ourth station fromi

-three 6p8fl3 of satellita''position and range data.

USAGE': -1. Card''Invut

()Title Oard - 80 columns, J.iA

(2,3,4) 'Pime Cards: first time (i,,, 3. 27-5, 151', 15
Iast 6=me (HMI,3iMS), -delta time

3-M) Logical tape nxumber
1( -2,3')

(5) Unhknown staition location (latitude, Ui.O,3)
longitude, height)

2. ?panetic Tape 'Assiginerit.

Two or three ;F tapes -assigned to il~1. HD2, and/or

HD3 Ccorrespondinkg to time- cArds.

3. Pr in tout

Th~re iny w to position isd coYuta werroeac

~o 1.Tec shomtesti a hetre ispns cotrohedvitisr the nme I
- x solut i ~inanded aeae.luin hs sppeS.:rosa inc b takng o-i n datap asv nge dvaso th oth

- earliest span timewise is in th6 deck first.
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NO. PROJECT. Geodetic SECOR
SL ist Packed Geodetic DECOR Tape

CLTrEGORY: Data Processing IDMTIFICATION:. Programn EXAffK
GODS: Fortran 63, CDO 1604
FF.CGRAlEit: Dennis Wil ion
FURPOSE: To produce a Listng of one or more 6ets of station data fr6m

a packed tape.

USAU- 1. Card Input

(I) Title - 80 colunmns, IQA

(2) Indicators 1615

IN!Di-IND8 Desired data
-,es., 2=no

IND9- No. samples te skip

2. Magnetic Tape Assgmmnent

One input tape on logical unit one.

3. Printout

The listing is by station with the station name (from the tape)
at the top : the page and 55 s-vrples. One such page is output
or each zt~±tior indicated.

• K 3 1. Frograi,, begins listing with the first sa'.ple on the tape
and terhip tes when the end of file is encountered.

(_
V- -
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1O. G600 VROJYCT: Geodetic SECOR
TITLE: Time Synch and- Pack ES Tapes

CATEGO1RY Data Processing MDENTIFICATION: Program PACYMS
CODE: Fortran 63, CDC 1604
PROGRAFR: D-nnis Wilson
PURPOSE: .To input two to eight G'eodetic SECOR ES tapes and produce

one or more packed output tapes. Data from the stations is
time synchronized as'it ik backed.

USAGE: 1. Ccd,,'n

(1) Title - 80 columns 1OA8

(2)- Indicators 1615

INDl-IND8 = input tapes used.;-
-2=no, l=yes

IND9-No. sarples to skip
INDl0-No. output tapes

(3) Time Card 1215

First time (H,M,S,MS)
Last time (H,M,SM$)
Delta time (1,M,S,Ms)

(4) - (i) Station Calibration Cards 3(E17.10, 3X), 12X, A8

Range Calibration

IC Cal:ibration
Time Calibratioh (sec)
Station !ra, e

2. 1agnetic Tape. Assloinent

Any logical unit 1-8 may be used for input as indicatd& on

indicator card. The output tapes are mounted starting or.
logical unit Q.,

). F-rj.ntout

Input cards are listed-along with belV-explanatory indicatiuf's
of tape synch.

TAPE 'FOPIMAT: The generated outat tape record consists o: eight bl'cks
of data. Each blorck is "orirAted identically and consists
o. data fromr di. 'erent. input tapes..
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1. 'DATA CODt. I dati, o dita
.STI0N NAME -1 60/1, WD 8 characters

2 RU 'afll

. ONTH
I :5. DAvY

4 4 6. Ti (Decimal> Seconds)

7. RANGE - itedand smoothed;

". RANGE RAT E
. 9. SROOTKING RESIDUAL

10., -/ASURED I0
7

-_1 ii. RANGE - w

Z, 12. OA',IBRATIOll -- from edit

.13, Wvr COM -C.TION
14. 1 ACD-ACCELERATION

15. NOT: USED

r, AvS: 1L, Data blocks not containing data are zeroed except, for te.
• irst word wbich contains 'a fiopting point 2.

2. Thl output tapes are terminated with an end of file.
.,. If the fir3t Aa;npIe is bad, the range calibration will be an

error by -9.0.

4. If the IC is o t 7locked, an erroheous iC calibration may ir6sult,.

5. The maxijum numbLer of samples which may be-recorded low density

5XOu d- -1 mm of de La 4 i0 snmpl-s/sec_,

T -
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NOW, tY' 113, -FCF PROJECT. Fi'.ow1.F cAlT.-GGRY:' Genoratl IDENTiriCATION:- Program IONITR
CE-- Fortran 62', F683 -CDC-1604
PROGRAMMER;- rred C. Forbes, Jr.

nSg(1 2euane Codgr: UcOL6NlifCtiroe

NSO112 ~d: NSOL()4l if cMaira bate'NSOL(31)=Q if notulcalibation
NSOL(2)X:O 1 f -FKAi is ot,calibrated

'NSL()-O -1 6slopi clirto
(3) R,H,DRm,IrCONT' 3(t17.1693X).,1515M

R- Range# in meters
H --Height in mtr

DRH 4a lohosphieric-correct-ion
-Z ~ICQN1u~C~de: fCON.tsl ed o fda,

ICOK*O'continue ditanput

N lHD t~tnej Called: VN,NT NRMjAKX HX n/rsoe

M ETHD: Lest sq adi!! 4jutment of ;%C , with alibitior~j n/q~1

--REMARKS:.
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N{O. 041l2 PAOJECT: General
TITLE: Compuib-'Pre0se- Trajectories And Orbits frb..f it to 'Equatorkal

Coordinates I D~FITI F!CATTON:i Program PCHFTJ,
CATEQ0R?: Traj ectorv
CODL: rartran, 02" -COC4l60'; DATKE,, 2-1-64
PROGRAMMiER: £i'eclC._ rorbeii Jr.
pukpmSE Compute' precise -trajectories and orbits 'WdtT compensation for 'and,

3rd and 4th. tonal harmonIcs of the, earth, atmospheric drag, and, lift'.
Optional initlal cohdi'tions of tdime, position and velocdity vectors
or two p-;s.-ti6ns and apoge~e height Are provided' as well as provision

for iterative least 'squairos fft, (ith or without weighting-) to the,
veh icle position coardinatos. Equator-ial co-ordinates a~re listed and
,topoceltric coordinares ,%re- cinputed'and listid' ifith respect, to iny,
nuniber of' site',s 6n the es'th'-s 'Surface. The- -final orbital pa&ramters
4re adjusted~ to Inputequatorial coordinates,

USAGL:. CARDS DCdCRIPTIONz tORNAT-
Ilnputs: 7T)T tle A716-Holleri4

!OOTN ilnit'iAl cod'itions option.
001 -time w!(ih two" psit'ionsI PP

and apogee height
902 -tie.with .equatorial

position and velocity veciors-
NO number of input posit-w ectors

-to be fit by iterative, least
squares NO0 200'

ITER :ibter of iterat ions of the -fit
KP perturixition option Indicator

001 drag and lift
,102 -no dra' and 11iftI

YSWT l'eJst -squares weighti-ni option-
JOI ;. input weighting
)02 - no waighting

IDTI maximum Interval bketen recti-
ficat low in perturbavlon comqputation

Option 1 (3) tI tilie Of epoch G
Op-tion1 (1) C. Idtitdeilongitude1 height of _,epocbh Ut1l7,10,,UX)

OptiO6 1 (5) I zatitudo, longitud-,- hei'"ht, of second
point 6 rjcoy -i71*k

'Option: 1 (6) AL =apog.eeight (AL is located
between, CO' and-, CL) E17.1.0

Option 2 03) TTI,,RE~time- and pofIition vector at
epoch where;, RE -is the e4quatorial
coordin:t 6 4E20.10

unis r se(3)) ocd
IUNITS unt-code of input injection -vectors _ o cd ID).



Op joh '2d 4)t~ e-ao~il viot:cmioet5_

At. epi- s - -Orin2-4) 3E0

dr coefficienfts- 4,(Ei7,10$:)4
F'R=di 1191 - 231 table, of curve. fitting

Coe fficieks - 4(17 .10 , 1x)
KP 01 i4 141' FXSS EA iO2E71O3x

N number'of coeffidienOg
NOT in tabl.r -flASS -Vehicle -mass, bn pounds

CA vehicle, c;ross isectional
area 'In, Tt2

(2, T TRJP trajectory-points for fitting 4 U100
N f-i-ne in secondsK T -1RJP -Xr.c Z ofthi

1 6 Same as '29 until. NO (se e ii- 2) are
ipt

-KW~01 (7) 'COIT 1ltitude-, longitude,, height of
local origin for error propagation ,3(E17.i0,3x)

NW~Ol 28 'EQSITE 3X176, 3(E7.l0,3x).
I IEQU equipment-selection code-

001 range
-002 =-height
003 =, Ldirection coinfe

F ~004, M directilon' cosine,
05 azimuth

006 felevat-ion
SITE latitude, longitude, and height

KWT~O1 29)of, equipment, iite
&E0 (9. M, ICONT-4 errebr model -5 ti1.3

- -ENi)* equipmen. error
EM(2) ;troposphesric refraction
EM(3) -~ cale factor

- E(,4) site survey
E-)-onospheric:.refraction f or

baseline length for L. and M,
cqN, -ontin -uation - c ode-

Ic0Nt(O= coni nuq in~put of EM
ICONTMl)- indicates Ielst kite input

YKWT3O01l -30), (31) as a 2IQW) atid 1290- for, All. -traqki ng
equipenit,

12) -TO, DT, Tr tivnes for forwiard- 3E17.1O,3x)
predictions

-TO first time
-DT tfime- interval[-tF final time of Predict-ion

-%IT-TO)_ /DT -,1i00) per un')
~(33Y IPUNCH-, IUN4ITS 213

'IPUNCH, apunch -output code
'000 = no p'unch output
001 - 'punch- output

UNITS output units code
-001 feet-
002' meer
'003- statute miles (528011
001;~ nafut-idal mniles (6076.'lq333'1 ')5

-005 yrd



.46. 01.1t Cont.

-(3 6) TITLE ite--name card A80 |iollerith
4 -,37) CS = latitude, longitude, height of

points on- earth -to which trejictory

points -wil. be'referred'. 3'(Ei-7-.l0',3k)
110,1 (39.) -Sme. as (-and,(37) for all

desired sites.

Output: Frem" Fitting.:-
'All input data ar6 dIimpei f r-r'.eference. On. succeaive

ite'ations, the adjusted 464et"on vectors, as well as -the-
differede zbetween exch pricIte '.int and the -o6rropondlo g
input data-are lise&'. The differ -,'C -between: the two-body
predictibn of posltion and veloc ty and the total field-pradi,-ti-cn vatucs -are listed. The error prOpagation (Inverse
weighting) in-the XYZ coordinates are also listed When,
-weighting is called out.

In -Equatorial 'Coordinates-:
,Point ,number, hours,, minutes, seconds, total seconds-,

XYZ, XYZ, latitude*,, longitude, heignt, and, associated titles.
In Topocent ic Coordinates : coo

Point number, hours, minutes, seconds', XYZ, XYZ, in .
local east-north-up coordinatesi slant range, surface range,
range, rate,. azimuth ,. elevation angle, and height AMSL vith'
titles.

Me'thod: Trajectory predictions are computed by a ,ethod based
on computing a reference trajectry with closed form two-
body equations,,and then adding n umerically integrated
perturbation terms.-

'In the- least s4uaros fitting, unity weighting or weight-
ing based on -the propagation of major sources of observai6nal-
errqr into ppsition variance and covariance, are optional.
See -program GENEPQ No. 6i7 FCF, for method of rtor poa-
t ion.

Remarks: All input Is expressed in feet, seconds, digrees, and

ratios. iln the, errdr propagation refraction in 'input as the
rat io o-' the residual err'or to, the total (mean, atimosphere)
correction (ie., 5 +esidual would be Input .as 0.05) Scale
factor, baseline length, and site survey are ratios. 'An error
in sift survey of -1 PNM, would be input as 0.O0000l.6

;f punch output i desi-ed, the source deck should be

iiodified to gi.4e the d~sired) output.
Reference Should be,-made to -the:program listings for all

necessar7 subroutines and memory usago.
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L ~lO. 402k. PRO XT: F1l30BO4
~Tit~:Prediet Tw-Body, Position, Vealocity,. ?'irtia,& DeriEVe

0A.TiMO: Trajec tnry fl)VFTrCATION: Subioutine- TBFViJ.
CO - Fortran!62, 63 CDC 164 3M

~PR~E: F., C'. Forbes., DATE: i4-b-2
FURPOSEO Fired ict two- boid posltion and veloctty. vectors and -optional11Y

tie. (5x6) iat'rix of' two-body partia±l arivaittves- with -rospect-to
psi'9on- expres sect b'. uriits of feet, f'o~t/saconk, and In &n

IitLZt1 -cooixiifnlte Bys9tom.

: USAGE:
1, CaI ng 3,q-4Fcn CALL~ TBPVS (TO, TMi VEC, ITNOTE)
Z. Arfni;ents,:

IN1PUTS1": ITG Li of opvcth :Pr injection In seconds
TM i:~ of ir~rdpredl,:.td. d4ata, In -econds'

G2i~UT:VEC(t~ airy of' position and velloc-Aty coippne.nti in
Iiiertial codiRtsan'if ei-!1eet/second i

FKt ISCN pairtisl JeritvAtive-9 of
o o predited- ~poion yector

*w U. _. - -iheetto injectitoh

NOTE optLn nstr I

4.2 c)mpute VEC anid'

3.Routines Called1: M11X'-, ,,rxT
.- Lk~g Jubroutlne TWIK or, TRJK-X

COMtMONARJCNTS/d7J(3) FP0(6), RO, Al, AIS, AS A~fA

; LMiNV(3)
FISTH&J. Itera4A K,-pierls equrition btised on the, time of pred Lcti.oh -t comnpute-

the chav#e In tho et'cent-ha anomn, 1y. Integrttion constants are,
then1 co~lputod hhd used to -form~ th6 predicted qqafitf.ties.

-R~.4lK: hi r'tno is used in 'c.)ninctlo. wi-1h subroutine ?TRJK or, TflJX,

Whi~h oomputes. all necessary 1poiisants. 110 In T B PVS 'TBPVS- 1:
usei1 in tr31ect: y flitting,, orror propti7,qtion, and simunltipn '

PrT-57 f-5-
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100, CO 413 FCF PROJECT: Geodetic SCOR
T .TLz: ajust Range and Velocity to input Trajectory Points using Precise

TrAject:or Predictions IDENTIFICATION: Subroutine PTRJFT

CATLGORY; Trajoctory Prediction
CODL: Fortran 62 DATE:
PPX1,A-,,'ErR: Fred C. Forbes, Jr.
PURPOSE: To predict a trajeccory path using initial injection vectors.

USAGE:
1. J.ling Sequence: CALL PTRJFT(TOROVO,NOT.,TRJPITERKP,KWT,DTI)
2. Argumenrs:

NO - No. input position vectors to be fit by iterative
least squares NO< 200

ITER - No. iterations of the fit
KP - Perturbation option number: 001 = dra,7 and lift

002 = no drag and 'lift
KWT - I,east squares weighting option:O01 = input weighting

902 = no weigh4ting
TRJP - batitudc, lon itude and height above mean sea

level of vehicle
TO - Firs time for prediction

DTI - Time interval
TM - Time of forward predicted-data in seconds
RO - Adjusted range injection vector
VO - Adjusted velocity injecton vectorI, .. ,.o vco

3. Inputs: N0,1'ER,KP,KWT,TRJP,TO,DTI ,TM
4. Outputs: RP,VO
5. Routines Called: EQCOOR,TBWPT,TBPVS,,MTXT,MTXP.,GEP, MTXA,INSS

METHOD: Trajectory predictions are computed with closed form two-b6dy equations addl I

ing numbrically integrated perturbation terms.

REMARKS: Input is expressed in feet, seconds and degrees.

/A
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NO. C0412A PROJECTt Gcokletic S1EGOR i

TITLE: CQ11 in brag Coefficients
CATEGORY Trajectory IDENTIFICATION: Subrovtine DfGCOF
CODEs F62, 6i
PROGRkQ4~: F. C. Forbe3r Jr. -DATE

-PURPOSE: To read in dra,0 coe±'fioionts
USAGE:

1,~ 'CalingSequfece: CALL DRGCOF(KP)
2.0 Arguments K? uOption indicator

'l1 re~d in oefficients

2used as a dummy routine

5.Rotinos Called: noneL 6, Linkaget COMO/ERT/M(2O, 2), NO, FMASSE CO(49 6)

REMARKS:

FCF/)kkb
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~~io. R3 PIJECT: Geodletp S OOR
rIT.14: List 3at3.ite Positioni 2p
"1L~iW Jpcel poe IDIENTlFICATION: Program XAS

GODE: Fortrain 65, CDC 1604

PUFWE03: To 118t all or, part of' the dsts on -a- Oeodetic SE0OR SP tape';

(1) Title -60 columns 10A8
2.~ incicater Card

TLU11 no. srimrples to .skip S315
D 112 - ri t ion 1 1 ye

1,'.X print option 2 2 no

(3) T:mes - first ime (Hl, A4,., , 1215
io't time- (H, M.', 5 4
;Ielta time (H, MA, , MJi)

2. ia;ne tc ilaue A~ifnt

Pr Pr.Ttout

0.'1 rput dritt -

t2)ilhel, S~tsellite position,
t),Uz 1: riange data f-rcmr efich s -*t ion

-- t) 4~o 2i : Pa.-Muted solutions

1. Tha two prin-t options may be included or 'ict independently.

/wj
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TITL, quad Tect eor thw Azimu~th from~ 1,%ort.; to East[1cmTGOflY: utility I Mt. TI I C-,J6N Subroutixw (OUTS'
(XTL~t 'Fortrnm 1- CDC0 1604

- R0R.'f~:Fred -Vorbos D 4 6- 28-65

I a n Sqe.a CL JS-X 'Y'l A)

2-. Aruiznta :X-X

3'. Inputs: Xn

I& ~THOD:

T63



IIC. :U2PRC JEjCT:
TI'vh.% Form- U'. it Vector

0 ~~.RY: Utility IM~TIFI AT)3N Subroutine UTVT
%^10'L: Fortran 11 C- 16O4

~i;'2. ':Fred Focrbes XI:2-83

C~1 . Cal1in Sequence-: C .M UTM (A, 11" 1)
2. lrgtrnonts: A V Vctr

I -
T otal elenents

3. 1 nput; A,
4. Output: 8
5. Routines CilleO:- 14onie

.-, T H 0 L

T- 64



,-'U NO 3 POCT rTI Tl,': formn t he S um~ ot- the Sqtuaraa
CAtLJO0RY;. Uti'iity iDPNTIFICATICN: Subroutine SMSQ

CDE- Fortran 11 -- 104
IR&AWGERR: F'red- Forbes DATI,4: 2-1-2-

1. Ciing Saqueaoe:* -C L SU/SQ (.A, rl. I)
2., Awuments g -A -Vector

-r I TtAIeletments

-~ ~ ~ ~ 4 OutIfput:~ B~~0: :

K - - -6-5



11GW. P FO J --,'C T
TrTLB: Form Soslir I.fttri-x Product

C T~it~~Utility I DiTIFILATTON.. Subroutin M
iDE: Fortran 171 CM. - 10
?z1{(jh.M1A.-i: Fred rcrtes DT& t 2-12-63

I.. -ai nd Sequence, CALL SCMT (A,, C, I)
~2. Ar-jumentm: A -Socaler,

C -AOB

IfpU8 U!IZ To::r (flmehnt$

-T-66



- lV1L1s czpact an Nrray into -a lairger Arra

PATEGORTa Utility IMi'NTI1FICATION4: 'Subrdutins, C
COtDhE, " ortr~n I-I CDC - 1604
PROGR 41Rl: Fred' FVorbas Th: -2

1.Calling Sequenae: C'11, MT.XC (A. B, 1A~, 113, 1c, m,4 i13)
2.Arguoiu A -Ccmositio jcrray

IC -'A olum elontsto skip to firnt Boelement

3. Input:

-~~~~ ju - -Sgurno ara



C ~ NO U- !0 16 ?RCOJiCT:
T! i tls MLIAjidtdo OV -fk vfstor-
6CA'rLGOIIY- Utility IVFTIFICA7[~i- Subroutine MGV?
CWD14 Fortrin 1I. r - 1604

ZO)R!)WLRJ: Frsi 'Forbas 'DATI 6-28 -6S3

1.Ciinp Soqutinee: CALL Mf;t (A' B, 1)
P. MAriuaonts: A - Vector

-1 - Toal olementa;,

3. Input- A, I
4'. 0 utpUt: B
Fj. Routines (Cia16d.: N one

6.L1kA4:D1:NICVAl

- lbE

6 f



UC. 7' A)R0Jl,CT:
TItIA'.: Watri-x Addition

.C~f~~OR: UtlityItJTIFICATICN': Subroutin6 !ATX-ACo:6: Portrah If CDC0 1604
IPR0(.iM1k'R. Frad For bes fCATh: 6-26 63

1.Ca-11iig Sequence: Y4L 1'XA (A, -B, Cj 1),
'.Argumo~nts XA t e; tix

.- at rix
C *A

I -Total elements
3i Input- A, Bi, I
4. OJutput: C
S. Routines Called: None

I4i



* N O . ~U 8 POET
~Eh:Matrix Subtractioz POJCT

cx.~~c U tility 'IDTIP1CTl, '!t Subroutine MTXS,
(~L:Fcwtran II CrBf - -160j4

PP'jV',FMR: Fred Forbva -E,~: 6-28-63-

USA
t.-C,%l1In. Seuno: C411, )MTX.3 (A, B, c, I)-
~.Argwuonts: A -- Matrix

lot- itl-aiaments
3. Input: A, D,
4;, iUitput; C

5.Ruiai %ld n

6. Linat-i:)3(-l*,T-7O



L " °NO. U 9 PROJECT:
fTITLE: Matrix Transpose
CAT'GORY:, Utility IDENTIFICATION:: Subroutine MTXT
CODE: Fortran.62 CDC - 1604
PROGRAMMER: Fred Forbes DATE: 28 June ]963

.PURPOSE:_ To trcafnspose :a NxM. matrix to a MxN matrix.

USAGE-:-I. Calling Sequence: CkLL MTXT '(A, B11 N, M)
1. -Argumentst A-- Matrix, (NxM)

B - -Matrix (MxN)'
N-- Rows of matrix A, columns of matrix B
M - olimns" of matrix A, rows of matrix B

3-. Input: A(NxM)

5. Routines Called: None
6, 'Linkagei DIMENSION A(), B(l)'

- METH0D:

REMARKS:

CO



'4NO. U1 10 PROJECT:

'I TITLE: Matrtx Product IVENtIFICATIONt Subroutine M1TXP I
[ CATEGORY: Utility

CODE: Fortran 62 CDC 1604

PROGRAMMER: G; Rutherford

PURPOSE: to multiply Matrix A by 3 and store -results in C.

USAGE:
I, Calling Sequence: CALLMTXF (A, B, C, N, M, K)
2. Arguments: A - Matrix (NxM)

B -. 'Matrix (MxK)-
C Matrix (NxN ): C zA *B
N *Rowls in Matrix A, rows. in Matrix C
M Columns in-Hati'ix A,rows -in'.Matrix. B
1- Colu~ns in Matrix. B, columns in Matrix C

3". input: A(NxM,), PB(MxK')
4. Output: CCNxK)
5. Routines Called:
6. Linkage: DIMENSION M11i, lI(l)-g, C_(1)

METHOD:

REMARKSi



No. UlI1 PlOJECz:, 2~
TITLEi Vector Multiprication
CATEGORYt -Utility IDENiTirICAT-i6NI: Subrputie VECMPY

-PROGRAHMEh: Dennis Wilson ofDATE: :ovember'20, l963-

USAGE: J . Calling Sequence*. CALL. V&CMPY (Rl',R2-,R3)'
2. Arguments: RI,R?,R3 - 3K]. arrays. for the thrie vectors
3. Inp ut: Rl,P.2

5. Routines- C'aled: None

METHCOD: R RIxR2I 3

~REM4ARKS:

,qe4



-NO. U 12 POET ILX
TITLE: Matrix Inveirsionwand Linear- Solution-
CATEGORY:' Matrix Operations IDENTIFICATION: Subroutine MATINV
CODE: Fortran 62 CDC - 1604
PROGRAMMERI: '(F'rom -the -UC§D Library). DATE:, 22 June -1963

PURPOSE': To invert a mnatrix up- to 2C-620 and' solve -the rmatrix equation
if desired.

USAGE:
1. Calling Sequence: CALL -MATIt4V (A,N,,,w)
2. Arguments; A ot- Equals-Ai inverted

N - The size of the-matrixk
B - Equals B. time$ K
out in, out,

- , - Control; 0O if B 'is not to be computed,
I if it is to- be -computed

U - The charactei-istic determinant
K-3. Input:

4. Outputo:

(METHOD:, A more comnplete'descriptien i -aVailable 'in the Univcrsity-of
California at San Diego write-up. A copy of this is avyailable in. the

-Master File of this- series.

REMARKS~ the Aaac should -be -reserved- as -9209N), 8 (20),, and- W(l).



L1. 13 PROJECTi- ODVARii- TITLE': Rotation 'Matrix
CATEGORY:, Utility CO 6' DNIA-IONt Subroutine.ROMX
CODE: Fortran 11 CC_-10
PROGRAMM'ER: Denhis- Wilson DATE: August 13, 1963

PURPOSEt -To foiimo rotation m trix given -the angle and th, axis about whichFto. rotate.
USAGE:

1. Call-ing Sit, mncei CALL ROTNX(IlOI-2 '3',ANGRAD, ROT)
2.Arguments: T1,213 lnd'icators~t i 0 axis about which rotation is

made
I 1 the~ other two axesK-ANGRA.' - The .anglei in radians

-ROT -A 3x3 rotat ton- mat-rix
H3. Inp uts:

41. out putc:
5i -Ruie ale:-Nn
.6. Linkage:l

METHOD:-
Examole: 'to rotate by an angie. Alpha about the Y-axis to forwm.-atrix A;

K ~~~CALL ROTMX (,4LH,~

-os0 1 jr6

Lsinw, 0 COSKj

REPARKS:

T-75



NO. U 14 PROJECT: ODVAR
TITLE: Quadrant Test -Polar Angle-
C:ATEGORY,; Utflity IDENTIFICATION:- Subroutine'QUAD
CODE: rortran II Coe - '160't
PROGRAMMER: Dohnii3 Wilson, -DATE: August 8, 1963
PURPOSE: To comp~te the polar angle (CCW from X-axis) from the X and Y

components,

USAQE,:
1. Calling Sequence: CALL QUAD -(k,YANGDEG,ANGRAD)
2. Arguments: X,Y - X arnd Y components in any system of units

ANGDEG - Angle .in degrees CCW 'from X-sviis
ANGRAD --Angle in radians.CCW from X-axts

3. Ounputs
4. 'Onputs:
5. Rou t~ie Called: N4one,
6, Linkige: None

METHOD: Arctangent function and quadranit test,.

REM4ARKS: X and/or Y may be zero,



PROJECT: General

iFURPOSUt Copteutra coordinates and topocentric to equatorial

rotation '.matrix from the geodeti'c Yat-itude, longitude, and

I'. USAGE:
1. Calling CAL.LEQCOOR (COOR* XYZ9 GD, MTT)

2.Arguments:
COQR -3 element array ~-geodetic latitude, east longitude in

degrees, And- height AMSL In, fe*et.
XYZ -3element array -- equatorial coordinates in mters or feet
GD -9 element array .o local east-north-up to equatorial-rotation

MTFT unt opfo on XYZ output

I meters
2: feet

3. In0uts: COOR, ?4TFT
4. >jOutt: XYZ, GD

METHOD: 'Siecoding.

AEMARKS:; The Clark'spheroid of 18366 is assumed for all computations.
Degrees a.nd feet are Input and feet or meters are optionally output.

T -77'



- NO. U 16 to PROJECT: truieEG

POR86:DensWlso DATE:- May l6, 1963'

PURPOSE:- To- use geoeptric-coordinates of,&a poinit to determine, the geodetic
latitude, lorllgitude and -height.

USAGE:
I. Call-ing Sequences CALL ECGD (X,Y,ZiSLATSLONGiHWT)
2., Arguments; XJY,Z -- Location -of a point in geocentric, coordinates.

X-axs isin the -oquitoria1 plane, and in through
th, prime meridian; 'the Z-axis Is along the m~inor
a) ie of the geode and passes through 'the north pole;.
, Y' is-chosen, to form & right -ihanded system.

H1 The geodetic coordinates of the point. -SLAT 'is the,
latitude (positive-north pf equator) in degrees.
SLONG is-,the longitude (vest l~ngitud#) in deilke~s.-
HT is the hegbt above the goods along the local
normfal,- in, metors.

3. InpUt: X.XYZ
4. -Output: SLAT,-SLONG,0 NT-

I. - S. RodutinesA Called: 46oe

METHOD: The -calculation-uses theluethod-described on pp.lS-16 of ASTIA
document #40538. This is an- iterative solution for determining l;atitude
sand'height. Constants for'the Cla-rk- Spheroid of 1866 were used.

REMARKS: Versions using-both Clark and-Internatilonal Spheroids arec---vailable.



140. -C0205, PRO4tCT; General
LI~E: "Invert 3x3 Matrix

CATEGORY: Ut'ili-ty; IDENTIFICATION: Subroutine MTXI
CODE: ortra ~62,Fortran '63, CDC-604- 3600

-PROGRAMMER: F.C.'Forbes Jr. DATE: January, 1964
PU RPQSE:' To invert -a 3x3 matrix$-

US.G1 ~Calllng Sequence: CALL MtXI (A,-B,DETERM)

- ~2. Argucents: -- 33arx

B() Twrbi- matrix of A.I.DETERM-. Dt rm inani of 'A
3. Inputs:A

'.Outotpts:' BtDTERM,
.5. ,Routlnes Called.' -None

: 6. 'Linkagi: -None

RtAARKS:

1>7~~ '.T,79



NO. CO 1114 FCF 'PROJECT: Fishbowl
TITIX: Compute Empirical Ionospheric Refraction
CATEGORY: General !DENTiriICATION: Subroutine IONO
CO.) r.: Fortran 62,, F63 CDC-16OUt
1IPG!AMMHLP: Fred C. Forbes, Jr DATE:
,PURPOSL:

USAG1;
1: Calling, Sequence: CALL IONO(RM,SIN,DRINO,FMAX,C,FREQ)Y

- 2. 'Argunents:
'R4 - Slant Range in meters

3 IN' - Sine of Eilevzitlon Angle
DFINO - Range correction in meters
rMAX - '.1aximun electc-on density in the F2' 'lyer

CK - Control constant.
FREQ - Carrier frequency in inc/sec

3. ;nputs: R.4,SIN,1NlAX,CK,FREQ
W. Outpuis: DPUNO
5. Routines Call~ed: None

METHOD;

-'REMARKS: 1/0 ln unit-s of meters with frequency in ac-/sec, FKAXxlOw12

T -80



NO., CO'203 FCr PROJEC T: General
TITLE: Compute Vector Dot Product
CAT 'kORY: Utility IDENTiriCATION: Subroutine CCXPD

CODE:-- Foft'rAh '62, F63, CDC-16O4-
PROGRAMMER: Fred C. Forbes, Jr. DATE-
PURPOSE':

1. Calling.Sequence: CALL CCXPD (RO,RI,COSV,VR,ROM,RIM)
2.:- :-Arguments:

RO - 3xl input- array--
RI - 34l inout array

*QM -- Magritude, of~ vactor -RO
RIM -Magiilude- of vector -R1
COSV- skin.-tef ie aiglie-ibistween RO *nd RI.
yR - Angle be*tween RO and RI -(cosl '(COSV-))

3. Inputs:' RO, Rl-
.Oitutd,: COSYyR RM RIM

5", Routines Called: None

METHOD-

REMARKS:



140, CO 307' 'FCF PROJECT: Irishbowl,Titl.E: Compute Rotation Matrix
CATUGORY .: eneral ID)ENTIriCATION? Subrouti'ne VECROT

CODE. rortran 62, F63 cDC-1604rPROGRAMMUR: TFred C. Forbes$ Jr. DATt:
pUpRPOSE~t Given vectors, compute rotation matrix by vector crosi product.

USAGE:
1. Calling Sequence: CALL VECR0T(RO,R1,VO,Vl,'jVR'Y
-2; , Argutnents:

RO *3x1 input aray.

VRI 3 x1i in put array-
Vo- 3,c'. input arraly
V1 - 3n input array--

3x 3 rotation matrix

3. Inputs; RO, R1, VO,,Vi
4. OuttutS? GVR
'5. 'Routines Called, TI MTXF,

METHOD:

REMARKS;



El- --

-
EC TME

t-g''C~vr ~sod to~ Hors input ts ind-seconds omdih

3. Jnpu)ts: Ts. CiFrot -'b~i

4. O ut: --T- ov reoio t o-hirM-iuo, an ood

- . tUtlines Caflnc: CALone( --
2. 'Aguet;'_^EC - kIPS-)

6. SECage nonetmei scod

jIM -,oc

MIN

'46itnes W.U,*A non
inimgt non



.40. /dA4 PROJX~T: FISHBOdL
?L:Predict Two-Body F,:siticnR, Velocity, Partial DerIvatives,

C A'?r3URY: Trajectory IDEN~TIFICATION: Subroutine TBPVS
CME~: Fortran 62, 63 CDC 1604, 3600
PROGMIMER: F. 0. Forbes, Jr. D~ATE: 1-10!-62
PWi P±'Q: ir--iict tworbody position and veloc'ity vectors, and optionally

the (3yx6 ) matrix of' two-body>,,partial derivatives with 'respect to
positLcon expressed in units of Leeot, 64et/sgcond, &nd in an
equatorial coordinate systen.

tJSA~G Z
±.Calling Sequenzce: CALL TBPVS (TO, TM, VOC, ?TL,,NOTEY,
2.Aretuments:

INPUTS: TO time of epoch -)r injection In-seconds-
TM t~me- of' forwa'i predicted data in seconds

OUTPUtS: VEC@6) array 61f position and' velo6city components In
equatorial coordinates and in f"eet anj feet/second.

a7x ax . __.6X

ax ay, To

PTL(13j= -_ '=partial ierivatives 'of'
0 o predicted position vector

3z z. with resfleat to injection -
] ax' - vectors R oV0

NOTE option Indicator
I =compute VEC only

2 comtute VEC- and PTL

3. Routines-Calledi. KT;~X"o M1XT
, ~nae:, 3ubrouti ni :TRJK- or 'EJKX

Common/TP.JKS/CU(-3j, Pro WE, R~v ?O(6), Ar, AIS, -AAISO
GAMC, BACO, EPC, OCO, DBG(6),p DAI(6t DGGo(-6)

MM1GD:- Iterate Kepleris equ,,ion based on the time of' prediction to compute
the change irn the ecdntric anomaly. inte'ration 'constants~ are
then comiputed' Gnd usei~to form the pre4,isted quantities.

t .6RX: This routiLne is used in conijunction with subroutine TRJK or TRJK,
whichn conaputes all necessary -constants used in TBPVS. TBPV, is
used' in trajectory fitting, error propagation, and simulation
progra~s.

T -84



90,_N. -CC) 406 -FCF PROJECTi -rihboitl
l~hd: PaCo'r-nd eto

-~ CATGRY PartliL3nd Vctor Subeoutine TUPY
CAEOt TrajectorY IDEN~iriFCATION:

ca . Fork V~ntran 024, F63 -CJ)C..1604-
- PRORA!*~& red C. Forbes, Jr DTE

1 aling', Sequence, CALL- TBPV(T,T-M,IVEC,P,NOTE),
,2 Argumints

L ' O-! Tie of epoch or injectionl in seconds
TM time: of forward prediated data-in seconds

VEC -Array of position and 'welocity components
-NOTE -.,Option indicator: I 2Colhpute VEC only

2, Compute VEC and, P-

- P(28)-a 303 array:

-~~W -
-a

I~~~~W [y '> .- -

L 
- ~inputi: TO sTlyNOTI;

-4. Outouts.: VE P
- 5 Rutine6s Calle4d: !4TXT, *ThP

-66- Linkage: CO14ON/TRJKS/CUf3), P1,Wt'ROPO(6),,,AI ,AIS,AAIS,,GAMOBDATO'g
£CCODB(6)DAI() ,GO(65)

- CRE!4ARKS: -



NO., 00405 PROJECT:1 Geodetic SEC-OR
TITLE: Computation ofr Trajectory Conetants
CATIEGOlYI -Utility IDENTIFICATIOMI uruieTJ
CODE: Fortran 62 CDO-1604 ~ DATrE-: June, 1964
PROORAMMi Fred C. Iorbes
PUROSEt T!o compute trajectcr~y constants and/or two body partials-given

position. and velocity' vectors in equatorial coordinates.

USAGE:-
1. Calling Seqi,.ncet CALL TRJX R, KE
2. Arguments:

RE(3),
VE(3) - Position and velocity of a vehicle in free-fall1

expressed in equatorial coordinates
CU(3) - Canonical units f'or length, velocity,and time
PIE' - Pi
WE Earth's rotational- velocity (radians/see)-

VRO(3) - RE, VE represented in infertial coordinates; and
in canonical units

BCe' Eccentricity qf'ellipse a
-O ecentric anoal 3  initial -tim iB

AAIS -Mean motion -/
AT l/a /

AIS .1/a,
GAM4O e iin E.
BATO e os E0

6D0 (6) -Tiio body partial.
3. iniputst. RE, VE
4. Outputs: CU()PiWRO') 1(3, Al, AIS, AAI3, GAMO p ,Bi BA0

BC, Xr DBC(6 DAI(65, DoQ(OY
5. Routines Called: QUTS-
6. ILinkaget QOMON/TRJXS/cU(3), HpIE Wj RAX RO(3) V0(,* A, AIS,

'AAIS, GMANG ATOp I~, Ip, DBO(6)j DAl(6), PGO('6)

R.04ARKSs LUnits art in feb"t-and seconda.

T-9,6
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'NO C006PRJCT Gnea
TILE Iner ; O O 'ttho 606 Matrix by Poftit'loning IS

CODE: F ortran CDC-1604-
PROGRAMMER:. r.C. orbes, Jr. DATE,,. January-, 1964
PURPOSE: To invert an orthogonal ,696 matrix.;

USAGE:
1,. lin Soquence: CALL INSS (A,9B)'
2, Arguments:

A(6) - 6x6 nput matrixi
~B(6) - Inverse omatrix-,of A

3. Inputs iA

5. Routines eallod: HTXT, NTXIi."TXP i WTXS
6. Linkage:

METHOD:

REMARKS:



NO. CO 417 FCF 'PROJECT: Geodetic SECOR"
TITLE: Adjust RO and VO io Fosition ,and Velocity
CATEGORY: ?rajtctory IDENTIFICFtION: Subroutine PVTRJF
CODE: Fortran 5-2, F63
PRSRAM!IER: Fred C. 'Forbes, Jr. DATE:

USAGE:
1. Calling Sequence:, PALL ?VTRJF(TO,RO,VO,NOTM,TRjP,ITER,KPL TI)
2. Arguments:

TO - Time of epoch or injpction in seconds
RO - Adjusted range injection vedtor
VO - Adjusted velocity injection vector
NO Number of' input postion, vectors to-be fit by,Itrativ e least squev.,es, NO'4200{
ITER -Num.ber of iterations
DTI - Time interval (seconds)

TRJP -Larude, longitude and height above mean sea level of
vehicle, 

fj

TM -Time of forward predicted data in seconds d
3. inputs: TaMO1,, IrER, DTI, TRJP, T14
4. Output-,.!, RO,VO
5. Routines Caled: TRJK, TBWPT, TBPV, MTXT, MTXP, MTXA, INSS

METHOD:

REMARKS:

i3

C



COE: Iota -6- -- -C-6

PNORMkE. PROdPlmrDA J e B1964oc
ToLE compute-est at Atitude-a -agienT) ttu

CODE xor Henh 63v~e -level1604

X iAir density- (lb/ft3')
CO Table of four coefficients for six third degre

- ~ polynomials
3.Inputi: HCO,

- 5. Routines Called: NoneI - - 6 - I4Ige-COMINERTN (2,2hcOMASEAC(46

[ - - -T-891



11.TP0 PROJECT: Bluerock AVT

1. Calling Sequence: CALL ACVEL -(H,X)
2. Arguments:

H =Height above -sea level (7T)
X = Acousical velocity (Ft/Sec)

z3. Inputs:- H
4.- OutputS: 'X
5. Routines'Called: None
6,-iLinkage-: None,

MEHOD: Evaluation of predeteriied 6urvo& fit to values.

REMARKS:-

rI -go
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-NO. TP02' 'PROJECT: Bluerock
TITLE: _Interpdlate for' Drag Coef f icent
CATEGORY:- iipaot' Predictiont IDENTIFICATION: Subroutine DRAG,ii 9DE: Fortran 62' CDC-1604
-PROGRAMMER: L.Bruce Palmer DATE:, Ju'he .1964

PUROSE: To determine the drag coefficient, for a given mach speed'.

1. Calling Sequence:v CALL DR.AG(DCOEF rFMACJN)
2. Arguments:

I DCOEF -Dr~ag coefficient
1F14ACH Mach speed

FMD -Table of drAg. coefficients Vs. Mach speed
NO -Number of eoefficients in rMD

3. 'Ipputu: F?9ACii !'MD, NO
4. 'Outputs: DCOEr
5., Routines Called:i None
6. Linkage: COMMON/PERT/FMD(20 2Y.,NO,rMASS1EA,CO(4j6)

METHOD: -Table look- jp.

REMARKS*.-

J, .9 1
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NO. 416 PROJECT: Gineral

TITLE: Compute Preaise Trajectories and. Orbits from fit to Equatorial
Coorinaes nd Vlocty DENTIFICATION; Program PVCMPT

CATEGORY: Trajectory

ODM- Fortran S2>'eW,61604 DATE: 2-1-64

PROGRAMHER: Fred C. Forbei, Jr,.
PURPOSE: Compute precise trajlictories, nd orbits, with cop |nsation f6r 2nd,

3rd and 4th zonal h rmonics of the earth, atmospheri c drag, and lift.
Optional initial cdnditi6ns of time, position and'velocity vectori
or ,two positions and apogee height are provided as well as provision
for iterative least squares fit (with or',without weighting) to 'he
vehicle position c&;rdinates. Equatorial coordlnates are listed and
topocentric coordinates ara computed and listed with respect, to any
number of sites on the earth's surface. The final orbital parametors
are adjusted to 'input equatorial coordinates-and-velocity.

USAGE: CARDS DESCRIPTION FORMAT-
Inputs: 7T- Title A VT-leritk

(2) IOPTN,NO,,ITER,KP,KWT,IDTIIUNITS* -513,15,13
IOPTN initial co4ditions opt ion

001 - time with two poitions
and apogee height

002 - time iith equatorial
position and vel p c4ty vectors

1 -NO =,number of input positi- vectors,
to be fit by iterativeeast
squares NO 200

ITER = number of iterations of the fit
KP = perturbation option indicator

OOl - drag and--lift
002 - no drig-and lift.

KWT least, squares weighting option
r001 -input weighting

002 - no weighting
IDTI maxtmum'interval between recti

-fica-ion In perturbation -coputat ion
times 10

Option 1 (3) II time of epqch
Option 1 (4) CO -= latitude, longitude, height- o epoch 3(ElT.lO,3X)
Option 1 (5- CI latitude, longitude,'height of second

point an trajectory 3(E17l10,3)
Option 1 (6) AL r apogeeb.gaht (AL is located-

between- CO' and CL). E1.lo
Option 2 (3) -TI,RE=timea4nd position vector a-

epoch where RE is the equatorial
coordinates :E20.10

*IUNITS z units code of input injection vectdrs(see(33) for code I AD)- -

T,9 2



.VN0., 4 16 Cont.

Option ,2 (-4) VE equatorial velocity components
at epoch 3 E20.10

KP=001 7);(16) FMD table of mach speed versus, -drag Coefficients 4(El7.103X)
KP=OOI (17).(2"3) table of-curve fitting

coefficients 4(17.iO ,3x)

KP=001 (241 NOT, FAASS, EA 120,2(E17.10,3x
N number of ,coefficients

in table
PFMASS = vehicle mass in pounds
EA vehicle cross sectional

area in ft 2

(25) TM, TRJP = trajectory points for fitting, 4 E20.10
TM fime in seconds

TRZP i Y- ZE o l 'X,, y of vehicle,

(26) Same as 2Y until NO (wee item 2) are
input

KWt:CjOl (27) COSITE = Iatlt.ide, longitude, height of
local origin for error propagation 3(E17.0,3X)

KWT--001 (28) IEQY, SITE 13,Xl7, 3(E17.10,3x)
IEQU e quipment selection code

001 1 range
002 =,height
003 = L direction ,cosine.

00 M direction cosine
005 =azimuth
006 = elevation

? " :SITE = attude, longitude, and 'height

of equipment ste
WT=OO1 (29) EM, ICONT a error model 5 E17.8,J5

EM() = equipment error
EM(2)- ; tropospheric refrAdtion
EM(3) = scale factor
E9(4)- site survey
EM(5') = ionospheric refraction for

range and' height equipment
EM(5)-= baseline 'length for L and, M

'ICONT = continuation code

ICONT(O)=-continue. input of EM
ICONT(l')= Indicates last site input

KWT=O01 (30:),. (338)Same 'as (28)' and 420.) for .ali tracking
equipment

(32.) TO, DT, Tr = times forvforward, 3(E7.10,0x )
predirdtlons

TO first time
DT time interval
TF final time of prediction

((T-TO) /DT-<1000) per run)

IPUNCH, IUNITS 2.3
IPUNCH,= punch, output dode

00 0!! no punch output
-001 punch output

'NI-TS = output units, code
001 = feet
002 = meters

063, = statiute miles (520')
064 i- nautical ,miles (6076.10333')

005 eyards 1-.93



PP NO ~iACont.

-(36)- TITLE site naie card ABO Hollerith
(37) ~CS -zlatitude, longitude, height of

points, on earth to~ilwhi'ch trajectory
points will be referred. 3(E17.10,3x)

'18), (39) Same as (36):,3nd, (37) for all
desired sites,

output- rrom ritt-ing:r
All input data are dumped for refere,,ide. on successive

ierations, the adjusted injection vectors, as well as the
dIfference between each predicted'point and the corresponding
input data are listed. The difference between the two-body
~prediction of position and vo1ocity and the total field
,prediction- Values are listed. 'The error propagation (inverse
weighting)- in the XYZ coord'inates are 'also lis ted when
weighting is called-out.,

In Equatorial Coordinates:
Point number, hours,, minutes, seconds, total seconds,

-XYZ,, XYZ, latitude-, longitude~i height,, and associated titles.

In Topocentric Coordinates:se
Point -number, hours, minutes-, seconds, XYZ_, XYZ, in

local east-north-up, coordinates, slant rangei-surfacei range,
range rate,,, azimuth, elevation angle, and height. AMSL witn

Method': Trajectory predictions are computed by, a method based
on- computing a reference--trajectory -- ith closed-form two-
body- equations ~and ,then adding numerically, integrated,
pqrturbation terms.

In the least squares. fitting, unity weighiting or weight-,
ing -based on the propdgatlon of major sources of observational
error into -position~'va riance and, covar-iance, are optional.
See -program GENEQ No. 61-7- -CCC, for method of error propaga.-

- -tion. ,I TV elocity

Remarks: All input is -expressed in feet, seconds-, degrees, and-
ratios. In-the error propagition refraction is input as the-
raio of the residual err6i &c the total (mean atmosphere)
correctioni(iie.,, 51 residual would be Inout as 0.'05)1. Scale
,4fractor, baseline iengthj. and site survey are ratios. An error
in siesurvey-of 1 PNM would b e Input as 0.000001.

-If punch outout ip desired, the s ourcq--deck should, be
modified to- ive 'the d~sired output.

Reference should- be made to the program listings -for all
neesary subroutines and. meinry usage.


