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ABSTRACT

An interactive computer program (in FORTRAN) for the
variagre~covariance analysis of VLBl experiments is prescnted for use
in experiment planning, simulatlon studies and optimal design problems,
The Interactive wode is especially suited to these types of analyses
providing ease of operation as well ns savings in time and cost. The
geodetice parameters {nclude baseline vector parameters and variations
in polar motfion and earth rotatfon.

A discusslon of the theory on which the program is based pro-
vides un overview of the VIBI process emphasizing the areas of interest
to peodesy. Special emphasis is placed on the problem of determining
correlations between simultancous observations from a network of
gtatfons., A model suitable for covarlance analyses is presented. Sug-

pestions towards developing optimal observation schedules are included.
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1. INIRODUCTIOM

"A marriage of convenienca has been consummated betwean
the disparate fields of geodesy and radio astronomy. The
radio taechnique of very-long-baseline interferometry
(VLBI) promises to have a profour’ effect on studies of
the Earth, Whather such promises will be fulfilled
remains to be seen.,"

[Counselman and Shapiro, 1978b]

1.1 Background
The application of VLBI to geodesy, geodynamics, and geo-

physics 1is an outgrowth of developments in the fields of radio astron-
omy. In order to .“tain fine angular resolution in the study of the
structure and size of extragalactic radio sources, discovered by Jansky
in the early 1930's [Xraus, 1966], radio astronomers turned to inter-
ferometry. In conventional interferometry, two (or more) radio anten-
nas, acting as one impractically large single antenna (increasingly
finer angular resolution is roughly proportional to antenna diameter)
are connected by cables whereby signals recelved from a radio source are
compared instantaneously. The maximum separation in thia‘mode is 10~20
xm. With the development of very stable frequency standards and
wide~band tape recorders, the real-time link between the antennas could
be eliminated. Thus, the concept of very-long-baseline interferometry
where antenna separation of thousands of kilometers is possible. In

this mode, the received radio signals are tape recorded at each site

ek, R e 8 1, Ly O




[Broten et al,, 1967; Bare et al.,

P

and cross~corrslated later at a central processing facility to rezover

the VLBI "observables' described in Chapter 2.

VLBI measurements, bosides their radio-astronomy applications,
supply information about basaeline components and distances, radio

source coordinates, polar motion, UTl, precession and nutation, and

solid earth tides. However, except foy baseline distances and

radio~gsource declinations, all the remaining geodetically relevant para-

meters are non-estimable unless defined as variations (in polar motion,

etc,) as will be explained in Chapter 3. Anticipated observational accu-

racies, resulting from increasingly better instrumentation, and improved

mathematical models should make the monitoring of a global tectonic

plate motions, continental drift and crustal deformations feasible.

The astronomic applications of VLBI include the possibility of

classifying a number of radio sources as fixed, in order to define an

abgolute extra~galactic coordinate system., A list of such sources has
been proposed in [Elsmore and Ryle, 1976]. There are presently several
hundred known radio sources. With the Mark I recording system less

than 20 sources were of sufficient strength for geodetic applications.

With the state~of~the-art Mark II1 recording and processing eystem (see

[Ma, 1978; Clark, 1979a) for .. .uscription), this number should be

increased considerably, thereby improving the distribution of sources
in the sky.

The first VLBI experiments were conducted in the late 1960's

1967; Hinteregger et al., 19721,

Since then, many experiments have been performed by groups in the

United States (the "East coast" and "West coast"), Canada and Europe,

2




too numerous for all to be described here., At presont, baseline
lengths of up to several thousand kilometers have been measured with a
repeatability of under 5 cm [Shapire, 1978}, A 1.24 km baseline vector
has been determined with approximately 5 mm repeatability from VLBI
observations [Rogers et al., 1978]). Measurements of the same baseline
by conventional geodetic techniques compared encouragingly well at the
few millimeter lavel [Carter, 1979]. A 42~km baseline measured

with portable VLBI antennas and conventional methods compared to within
a decimeter in length [Niell, 1979], Variations in polar motion and
UT1 have been estimated at the decimeter and millisecond levels respec-
tively. In a series of experiments, polar motion results agreed well
with IPMS and Doppler results, but a systematic difference was detected
with BIH values [Robertson et al., 1978]. From the same experiments,
VLBI and BIH UTl results were found to differ by . .ut 0,002 rms.
Fanselow et al, [1979] reported measurements of earth rotation para-
meters at the 0Y0l accuracy level that compared well with lunar laser
ranging (LURE) results. Although the accuracy of VLBI parameter esti-
mation is not yet completely clear, the above results are good indica-
tions that "promises will be fulfilled." Recent VLBI-satellite laser
intercomparison experiments using the Mark III system will provide inde-
pendent checks on accuracy and hopefully point to unmodelled systematic
errors. At present, the primary limiting factors on accuracy are clock
behavior and the propagation medium, particularly the wet component of
the troposphere. Other factors include uncalibrated instrumental
errors, iadequate modelling of geophysical and relativistic effects,
source structure and gravitational flexure of the larger telescopes.

3




i v e T T R TR

Besides 1its excellent angular resolution and impressive accu~
racy, VLBI provides several other advantages. VLBI measurements are
independent of the Earth's gravity field, 1In addition, since the
anten.\s receive microwave radiation, VLBI has practically all weather
capabilities. On the other hand, the necessary equipment is expensive
and the availability of permanent antennas is limited. The latter
problem can be remedied by the use of portable antennas such ag those of
the Astronomical Interferometric Earth Survey (ARIES) system [MacDoran
et al,, 1978]. An interesting list of radio interferometry "advancages
and disadvantages" as well as for Doppler, satellite laser ranging and
lunar laser ranging techniques is given in [Mulholland, 1978].

The next decade will see VLBI move iIinto tha »perational stage as
the following examples illustrate., The NASA Geodynamics Program will
concentrate on the detection of crustal movements by VLBI and satellite
laser techniques., A Crustal Dynamics Project has been established at
Goddard Space Flight Center for this purpose [NASA, 1979al. The Polar
Motion Analysis by Radio Interferometric Surveying (Polaris) project is
planned for the early 1980's [Carter, 1978]. 1Its goal is to establish
and operate a three-station VLBI network to monitor polar motion and
earih rotation on a regular basis. It is anticipated that small port-
able interferometer terminals, receiving signals from Global Positioning
System (GPS) sacellites, will yield several millimeter accuracy for
baseline lengths up to several hundred kilometers, These systems, oper-
ating on the same basic principlee of VLBI as described in this theslis,

are now being developed. They include Miniature Interferometer Terminals

b s 5
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for Earth Surveying (MITES) [Counselman and Shapiro, 197:a) and Satellite
Emission Radio Interferometric Earth Surveying (SERIES) [MacDoran, 1978].
For a detailed history of VLBI davelopment as well as an exten-—
sive bibliography, see [Benjauthrit, 1978a andb]. A list of the various
agencies participating in VLBI development and a description of several
of their experiments are found in [Campbell, 1979]. Fanselow [1978]
gives a summary of completed as well as current VLBI programs. The
proceedings of the Radio Interferometry Techniques for Geodesy con-
ference contains the most up-to-date description of the present status
of VLBI [NASA, in press]. Other valuable references, especially for
geodetic applications, include [Thomas, 1972a and b, 1973; Whitney,

1974; Robertson, 1975; Dermanis, 1977; Ma, 1978; Shapiro, 1978].

1.2 Purpose of the Report

A VLBI covariance analysis Interactive Program (VIP) is pre.«
sented for use in simulating and planning VLBI experiments. An explana-
tion of the theory and mathematical models on which this program is
based is intended to provide an overview of VLBI for those interested in
applying the VLBI technique to geodetic activities.

VIP provides an upper limit on accuracy attainable for the VIP
parameter set given the planned station configuration and source
schedule of a particular experiment and the a priori noise estimates of
delay and delay rate measurements., Only random errors are assumed and
there is no provision for systematic effects except for a simple
two-term polynomial to model errant clock behavior. Therefore, it is

not expected that this type of analysis will reflect the actual
5
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performance of a particular experiment which may be several times worse
than the a priori numbers indicate. Nevertheless, a covariance analy-
sis 1s useful in comparing the relative effects of different station
locations and observation schedules. Ultimately, the geometrical
strength of a given experiment is of primary importance in optimal para-
meter estimation.

The choice of parameter set was influenced by studies of dif-
ferent observation schedules for the Polaris network mentiomed above.
Therefore, the main emphasis is on estimation of earth orientation para-
meters including variations in polar motion and earth rotation as well
as on baseline vector parameters.

At its early stages of development, VIP was run in the batch
mode. It was decided to modify the various routines to run in the
interactive mode using the Time Sharing Option (TS0) and Tektronix ter-
minals at the OSU Imstruction and Research Computer Center (IRCC). 1In
this mode, the user is able to simulate an experiment, view the results
in real-time, and rerun through the program with the option of changing
any or all of the initial input parameiers. This process may be
repeated as many times as desired with one loading of the progran.

Thus, the interactive mode is found to be ideal for this type of analy-
gsis, offering case and flexibility of operation as well as savings in
time and cost.

In all of the modern geodetic "space'" systems, the geodesist has
moved further away from the actual measurement process. In VLBI we are
presented with » list of "observables," themselves estimated by a com-
plex procedure requiring sophisticated instrumentation developed by

6




S — .

<l 0t
5

electrical engineers and radio astronomers. It is Important to obtain :
familiarity with this measurement process (summarized in Chapter 2).
With this background, the geodesist can address such problems as opti-
mal experiment simulation and planning, development of improved mathe-
matical models, sound statistical analysis of data and correct
adjustment philusophy, and, fina’l.', can apply VLBI data to geodesy and
its related fields. Thes= probl.m .eas will be Jiscussed and topics

for future research presented,

1.3 Organization and Scope

Chapter 2 covers the basic geometry of VLBI observations, the
necessary instrumentation, and explains the process by which the raw
observed data is transformed into the "observables" of the least
squares adjustment from which the geodetic parameters are estimated.
In Chapter 3 the mathematical models used in VIP are described as well
as possible model refinements. A summary of VLBI estimable parameters
is included. A medel, suitable for covariance analyses, is presented
for determining the correlations between simultaneous VLBI observations
at a given epoch. Singularity problems arising from coordinate system
definition, observability conditions and critical configurations are
enumerated. An approach to observation schedule optimization is
described in Chapter 4, This last chapter also discusses the prob-
lems related to obtaining correlations between simultaneous VLBI

observations. Appendix A includes a documented listing of VIP plus




explanatory tables and figures. Appendix B contains the hard copy of a

sample run as viewed on the interactive screen,




2. THE MEASUREMENT PROCESS

2.1 Introduction

In this chapter the basic VLBI observables are described.
First, their purely geometric interpretations are presented followed by
a discussion of the quantities that are actually measured. A brief
description of the VLBI hardware is given, as well as the process by
which the observables are estimated. This Qill be of a general nature
only and the technical details may be found in the references. Expres-
sions for the precision of the observables are included. Finally, sys-
tematic errors that affect the measurement process and, thus, the
estimation of geodetic parameters are summarized. Figure 2.1 (from
[Fanselow, 1978]) 1illustrates the measurement process and, therefore,
the contents of this chapter. The parameter solution will be described

in the next chapter,
2.2 Observables

2.2.1 Basic Observables

A VLBI baseline consists of one antenna at each end, simul-
taneously observing the random radio signals emitted from a compact
extra-galactic source (e.g., a quasar). A particular segment of a wave-
front will arrive at one antenna later than at the other as a result of

the difference in path length to each station. This time delay is

Hrosavon
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primarily a function of the location of the source in the extra-galactic
frame and the baseline vector fixed to the rotating deformable earth.

In Figure 2.2, from [Ma, 1978), we view the equatorial projection of a
VLBI baseline at two different epochs. The path length difference is
given by ct), and cT,, respectively, T, and T, are the time delays at the
two epochs and ¢, the speed of light. As can be seen in the figure, the
time delay changes with time, Its rate of change is called the tine
delay rate.

The time delay and time delay rate contain the geodetically
relevant information. Any phenomena that affects these quantities can
be theoretically parameterized in the mathematical model. The orienta-
tion of the baseline with respect to the "inertial" frame is affected by
polar motion and UTl variations. Therefore, the observables are sensi-
tive to these changes although not to the absolute orientation of the
baseline, as will be explained in the next chapter. The baseline vector
is affected by solid earth tides and geodynamic phenomena such as crus-
tal motion. The source unit vector is affected by precession and nuta-
tion. The estimable parameters will be defined in the next chapter, but
it suffices to mention here that the observables are sensitive to these

and other phenomena as well as to baseline vector and source coordirite

parameters.

2.2.2 Geometric Observables

In this section, the geometric definition of the observables are
presented under the assumption of perfect instrumentation and of radio

waves propagating in vacuum from a point source. The actual physical

11
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conditions are, of course, quite different making the measured observ-
ables vary considerably from their geometric counterparts. Some of
these effects may be modelled better than others but all serve to com-
plicate geodetic parameter estimation. They uare described in section
2.4. The measured observables, as will be seen in the next two sections
are estimated by cross correlation of the tape recordings of the
received signals.

The basic geometry for a typical baseline is shown in the

figure below.

sk SOURCE

N\

0O

Figure 2.3, Geometry of a Time Delay Observation

A certain segment of a wavefront arrives at antennma L at time t;

and antenna 2 at time t,. The station 1 vector at time t, is'fl(t;),

13




the station 2 vector at time tg, 'fg(tg). The station position vectors
are assumed for this discussion to be given in a geocentric Cartesian
reference frame fixed with respect to the radio sources (assumad to be

an inertial frame). From Figure 2.3
Di2 = =[Xa(t2) - Xa(t1)] * 8 (2.2~-1)

where 8 1s the unit vector in the direction of the source. The geo-

metric time delay is, therefore

- - - -?-u -

In the interval of time, Tg' station 2 has rotated by a small amount due

to the earth's rotation. Since Tg is small (its maximum value is

approximately 0.02 sec) we can write as a linear approximation

Xe(t2) = Fa(ty) + BEEL o (2.2-3)

From (2.2~1) - (2.2-3)

T Va(r1) * 8

__B(ty) s, g -
T - + ~ (2.2-4)
where
Bia(t) = Xa(ty) - X;(ty) (2,2-5)

is the instantaneous baseline vector at epoch t; and

Vo) = L8 27 5 () (2.2-6)

Q, the earth rotation vector (at t;). Notice that Va(ty)/c multiplied

by the frequency of the received signal is the Doppler frequency shift.

14
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In the remainder of the thesis, the speed of light will be set
to unity so that the time delay will be expressed in units of distance.
From (2.2-4) the time delay is saen to be composed of two parts. The
first term is the projection of the instantaneous baseline vector (at
t)) in the direction of the source. The second term is the motion of
station 2 during the wave transit. It is of small magnitude and can be
accurately calculated based on a priori information. Therefore, it can
be neglected in developing the mathematical models in the next chapter.

The time delay which is now in distance units will be expressed there as

d " 4E;(cj) '8 (2.2-7)

13k k

h

where the subgcript i refers o the it baseline, k to the kth gource

and j to the jth epoch of observatios.
The time delay rate is then
. dB, (t,) _
d “.,.»—..i'.._.l«oa

1k dt, k

(2.2-8)

assuming that Ek = 0,

2.2.2 Measured Observables

The velocity of electromagnetic radiation passing through the
atmosphere (a dispersive medium) can be divided into two categories,
the group velocity and the phase velocity. Therefore, measurement of
the difference in times of arrival may be of two types: the phase delay
difference (called simply the phase delay) or the group delay difference
(group delay) ([Shapiro, 1978). Theoretically, the phase delay could be

calculated by dividing the phase difference of the recorded data streams

15
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(called the fringe phase) at a particular epoch by the (angular) fre-
quency of the incoming signal. However, the fringe phase is ambiguous
to some integer multiple of 2w, thereby inflicting closely spaced ambi-
guities on the phase delays which are difficult to resolve. The group
delay, the derivative of the fringe phase with respect to angular fre-
quency can be, theoretically, estimated unambiguously by measuring
fringe phase over a wide band of frequencies. A simple example, based
on a discussion by [Molinder, 1978], will illustrate thes¢ points.
Suppose that ¢£! and ¢f2 are the fringe phases at frequencies f, and

fa. Then

¢g (t) = 2mfyT + 2mm
! (2.2-9)
¢£z(t) = 2nfaT + 21N
where T is the time delay, 2mm and 2mn the ambiguities, m and n inte-
gers. If the uncertainty in the slope of fringe phase versus frequency
is less than 2w/(f2-f;) then the ambiguities may be resclved and the
time delay is given by

g, = b,

Thus, f; and f; must be spaced close enough so that the ambiguities may
be resolved based on a priori information. A third frequency f3; can
then be spaced at an interval larger than f2 - f; because of the more
accurate slope uvailable from the previous determination. This proce-
dure can be extended over several frequency bands, thus, the bandwidth
synthesis technique [Rogers, 1970; Whitney et al., 1976]. The wider the
bandwidth, the more accurate the measurement of group delay. In the

16




Mark 111 system, 28 narrow frequency bands, each 2 MHZ wide, are dis-
tributed over a total of up to 400 MHZ [Shapiro, 1978].

Thus. the group delay is the measurad time delay. In practice,
the group delays do have ambiguities but these can be eliminated by
examination of their residuals from an initial least squares adjustment
[Robertson, 1975].

The fringe rate is the second, and less important, estimated
cbservable. It is the time derivative of the fringe phase. We will
deal with the phase delay rate which is the fringe rate divided by the
angular frequency. The phase delay rate is the measured time delay
rate. One advantage of the phase delay rate (or the fringe rate) is
that it can be determined unambiguously without resorti g to bandwidth
synthesis, and therefore requires relatively simple equipment., How-
ever, it suffers from several geometric disadvantages described in
section 3.2.4 and is much less precise compared to the group delay.

From this point on, we shall use the terms delay and delay rate

for the measured observables.

2.3 Data Acquigition and Observable Estimation

The Mark TII field system (scc Figure 2.4 taken from [Ma, 1978])
is the state of the art in VLBI data acquisition hardware. This system,
in conjunction with a radio antenna and environmental sensors, consists
of basically a receiver, a frequency standard, a recorder and a phase
calibrator. The entire system is run by the VLBI controller, an HF 1000
mini-~computer. Using schedule input, the contr.ller sets the recelver

and recorder configurations, directs the telescope to a particular
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source, starts and stops the data drives, monitors the asystem's func-
tions and logs all necessary information [Ma, 1978].

Local oscillator signals, derived from the frequency standard,
are mixed with the received radio-frequency signals. Several or all of
the 28 possible channels are selected at all stations and are sampled,
one channel per record of tape. The resulting intermediate-frequency
signals are converted to video signals which are recorded on
magnetic tape. For each tape record, the time epoch, derived from
the frequency standard, is recorded. See [Whitney et al., 1976] for
a detailed description of the system components.

The phase calibration system is used to reduce the dispersive
effects of the instrumentation and te measure the timing cable length
[Whitney et al., 1976; Thomas, 1978; Rogers, 1979].

At each station environmental sensors record temperature,
humidity and pressure. A water vapor radiometer, if available, measures
water vapor path delay [Claflin et al., 1978; Resch et al., 1979; Moran,
1979].

The tapes from the participating stations are sent to a central
processing facility for cross correlation. This involves reconstructing
the radio-signal transmission process. A model delay ; is computed to a
good approximation based on a priori information. The data streams from
two tapes are offset by ; and the signals are multiplied together. The
theoretical cross correlation function is given by

«©

I Xy(t)Xa[t + (vrt) Jdt (2.3-1)

-0
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where X, and Xp are the signals received at station 1 and 2, respec-
tively. Over the integration period (typically 3 minutes) the model
time delay is approximated by

A ~

k4
T =T+ Tt (2.3-2)

where ; is a constant delay and : is the delay rate. Maximizing the
correlation function with respect to ; and ; results in the maximum
likelihood estimates of dslay and delay rate [Whitney, 1974]. The
actual cross correlation process is described in [Thomas, 1972a,b;
Whitney et al., 1976]. The statistical model for the estimation of the
observables is developed in [Whitmney, 1974].

Precision estimates for the delay and the delay rate can be com-
puted as a function of the system characteristics. However, they do not
include error sources such as the propagation medjum, instrumental
effects and modelling errors ull described in section 2.4. The pre-
cision for delay is given in [Counselman et al,, 1979] as

1
Afs

o(t) = (2.3-3)

S
pN
indicating that it is inversely proportional to the spanned bandwidth

Afsp and the signal-to-noise ratio (S/N) where

\ 1/2

N 3 Tg, % 1

i o) = 3.2 x 10” | =122 173 seconds (8) (2.3-4)
t D1D2(€1€2) " F

where

20

T ST R




D1 the antenna diameter at the ith station (m)

Afsp spanned bandwidth (Hz)

Nt number of tape-recorded and cross correlated samples
T81 the system temperature at the 1th site (°K)

e1 the antenna efficlency at site 1

F the correlated flux density (Janskys)-(that fraction of

the total flux demsity from the source that "survives'
cross correlation)
0(¢) is the uncertainty in the estimation of the fringe phase, ¢, from
each of the narrow separate bands. As an example for a typical Mark III

3-minute observation,

D; =Dy = 50 m
F = 1 Jansky
T = T = 100°K
8) 82
Af = 400 MHz
8p
N, = 14(7.2 x 10%) bits (based on a 4 mbit/s sampling rate

per track)
we arrive at o(T) = 6.4 picoseconds (ps).

At the present state of the art, the delay precision ranges
below the cm level for a 3 minute integration period. It can be seen
from (2.3-4) that an increase in the spanned bandwidth will allow
deployment of a smaller anterna at one of the sites and not incur any
loss in precision. The precision of delays is inversely proportional to
the correlated flux density. However, on long baselines many of the
compact sources are partially resolved since angular resolution improves
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with baseline length. This results in a decrease of F so that sources
which show strong fringes on baselines of a few hundred km become very
weak on intercontinental baselines.

An expression for delay rate precision is

o(t) = .’1‘28 s/s (2.3-5)

“* N

where t is the total integration time and Wy is the root-mean square of

the sampling frequencies [Whitney, 1974].

2.4 Deviations from the Geometric Model

The product of cross correlation is a set of estimated delay
and delay rates, and their precision estimates. The geometric observ-
ables have been described in section 2.2,2. It is left to describe
those physical effects that cause the group delay and phase delay rate
to differ from their corresponding geometric counterparts. These arise
from instrumental imperfections, source structure, the propagation
medium and other factors, all described briefly in this section. For
more detalls, appropriate references are given.

The frequency standards located at the various sites must have
short- and long-term stability. The former insures that the relative
phase of the signals can be accurately recovered through cross correla-
tion. The use of hydrogen masers effectively eliminates errors of this
gsort. The long-term stability of the clocks is necessary in order to
keep accurate time and prevent drifts in the relative clock behavior.
This stability may falter at intervals of time as short as eight hours.

In this time period, if the long-term stability of the clock was
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~1% " as can ba achieved (or better) at present in

approximately 1 % 10
the laboratory, this would lead to an error of 0.3 nanoseconds (ns) in
time delay corresponding to an error of several cm in baseline length
depending on the baseline chosen,if not corrected. Hydrogen masers,
moreover, have bean found in field work to be influenced by atmospheric
conditions and other environmental factors. Systematic patterns in the
least-squares residuals may indicate poor clock behavior. The usual
remedy is to model these errors by polynomials as done in the next
chapter. Other techniques include differencing of observations
[Robertson, 1975] and the use of "clock stars' {Shapiro, 1979]. Anti-
cipated technical improvements in frequency standards and improved
models will substantially reduce clock errors. See [Robertsomn, 1975]
for a good example of how errant clock behavior is handled. The per-
formance of hydrogen masers is discussed in [Vessot, 1979] and
[Reinhardt et al., 1979].

Other instrumental errors are caused by retardation and disper-
sion of the signal as it passes through the cables and receiver compo-
nents. These effects which can be of the order of several tenths of
nanoseconds can be reduced significantly by phase calibration and cable
measurement systems [Rogers, 1979].

Source structure introduces unwanted noise (from the geodetic
point of view) into the observables. The radio-sources are not gener-
ally point-sources as assumed in section 2,2.2, and may exhibit compli-
cated structure. Source structure maps are developed by radio astrono-
mers which can be used to define a reference point for the source
coordinates. Most of this information is derived by examining phase
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closures around a triangle of stations since all other systematic

errors cancel out. See [Hutton, 1976] and [Cotton, 1979] for more

details on source structure,

As in most geodetic systems, the propagation medium is the ulti-
mate limit on accuracy. The effects of the ionosphere can be virtually
eliminated by observing enough sources in two widely spaced frequency
bands or by choosing a relatively high center frequency for which the
ionospheric effects would be small [Whitney et al., 1976]. These
errors can be reduced to well under 0.03 ns in delay [Counselman,

1976]}. The dry component of the troposphere which introduces an error
in the time delay of up to 7 ns at the zenith can be modelled quite
well based on recordings of surface metereological data. In additionm,
it can be parameterized by a zenith distance thickness parameter scaled
as a function of elevation angle [Ma, 1978]. The wet component of the
troposphere poses the most serious problems though its effect is less
than 1 ns in delay. The water vapor in the troposphere changes with
respect to time and direction of observation. It is hoped that with
water vapor radiometry the total uncertainty in tropospheric error can
be reduced from about 0.1 ns for the zenith direction to 0.03 ns. These
errors map particularly into the vertical compunent of the baseline.

As the accuracy of VLBI observations increases and especially
for longer baselines, relativistic effects must be considerad. Electro-
magnetic waves are deflected by the gravitational field of the sun
according to Einstein's theory of general relativity, thereby affecting
the time delay. For further details, see [Thomas, 1972], [Robertson,

1975] and [Gourevitch et al., 1979].
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Another effect includes the gravitational flexure of large radio
telescopes which changes the location of the VLBI antenna reference
point [McGinnis et al., 1979]. For example, in the comparison of the
Haystack-Westford baseline vector measured with VLBI and classical geo-
detic methods there was a difference in the vertical component of 19 mm
as compared to 2 and 4 mm in the two horizuntal components.

By correcting for the gravitational flexure of the Haystack antenna the
discrepancy in the vertical component was reduced to 6 millimeters
[Carter, in press].

Inadequate geophysical modelling will also introduce systematic
errors into the estimation process. These include errors in nutation,
precession, UTl and polar motion as well as incorrect earth tide and
ocean loading models. These effects will be discussed in more detail in
Chapter 3.

The adequate modelling or elimination of systematic effects will
determine the attainable accuracies for geodetic and related parameters.

This is especially crucial for the detection of geodynamic phenomena,
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3. MATHEMATICAL MODELS

3.1 Introduction

In this chapter, the various mathematical models used in the
VLBI Interactive Program (VIP) are described. In section 3.2, the mathe-
matical models for the VLBI observables are derived. In section 3.3,
singularity problems due to coordinate system definition, observ-
ability conditions and critical configurations are summarized. Finally,
in section 3.4, the radio-source observability equations are given,

The choice of a parameter set for VIP was influenced by optimi-
zation studies related to the Polaris network. Therefore, the stress is
on earth orientation variation parameters. Of course, baseline para-
meters are also of primary interest. Source coordinates are needed in
order to develop a reasonably accurate catalogue from which more accu~-
rate geodetic parameter estimation will follow. Clock parameters,
though of no direct interest here, are necessary to make the analysis
more realistic, Atmosphere parameters, though not included in VIP, may
be useful if metereological data is not sufficient [Ma, 1978}, Smaller
effects that require long observational campaigns {(e.g., geodynamic
phenomena, precession, nutation) have not been parameterized.

The adjustment philosophy has been to avoid weighted parameters, rather
to define estimable parameters which implicitly supply the minimal con-

straints needed for invertibility of the nurmal matrix. All parameters
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are estimated from the observations themselves without resorting to

external information,

3.2 Least Squares Adiustment Mathematical Models

3.2.1 Introduction

In section 3.2.2 the "ine~tial" and terrestial coordinate sys-
tems are defined. The mathematical models for delay and delay rate
observations are presented in section 3.2.3 and 3.2.4, respectively.
For each obsgervable, the eatimable parameters are defined. Section
3.2.5 is a description of the least squares algorithm. In section
3.2,6 a simple model, suitable for covariance analyses, is presented
for computing the correlation between delays observaed simultaneously at
a given epoch, from a multistation configuration. Possible model

refinements are discussed in section 3.2.7.

3.2.2 Coordinate Systems Definition

In analyzing VLBI observations an "inertial' and terrestial
coordinate system need to be defined. In practice, a '"nearly"
inertial frame is defined with its origin at the sclar system bary-
center, The first axis is directed towards the mean vernal equinox at
some reference epoch, conventionally 1950.0 and the third axis is per-
pendicular to the mean equator and positive northward. The second axis
completes a right-handed Cartesian coordinate system. The theoretical
calculation of delay and delay rates are performed according to the

laws of general relativity in this coordinate system [Counselman, 1976].
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Expressions for these observables are derived relativistically by
[Robertson, 1975]. Since arrival times are measured by atomic ~locks
at the various stations, they must be transformed to coordinate time of
solar-system barycentric coordinates [Robertson, 1975, appendix B].

The transformations from the geocentric origin to the solar-system
barycenter is done using a planetary ephemeris. It should be noted
that the use of the above coordinate system implicitly includes the
effects of annual and diurnal aberration [Ma, 1978]. The reason for
this coordinate system definition is to be able to easily combine VLBI
observations with spacecraft tracking and interplanetary radar data.

In VIP, it 1is assumed that the source positions have been
updated to their true-of-date coordinates at the initial epoch of
observation (precession and nutation corrections are not applied in the
program). In addition, it is assumed that the observables have been
corrected for aberration and for relativistic effects. Therefore, the
"inertial" coordinate frame is taken as a true-of-date geocentric sys-
tem defined at the initial epoch of observation.

The terrestial (earth-fixed) coordinate system is defined with
the X-axis directed towards the Greenwich mean astronomic meridian
determined by the BIHN., The Z~axis is towards the average north terres-
tial pote (the CI0 pole). The Y-axis completes a right-handed Cartesian
coordinate system, The origin of this system is arbitrary since the
mathematical models only contain baseline coordinate differences. 1In
the VIP experiments the station coordinates are taken in NASA's Space-

craft Tracking and Data Network System (STDN) system. In practice, the
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origin is usually defined by the adopted coordinates of one VLBI
antenna, given in some terrestial system.

The reference orientation of the baseline vector with respect to
the true-of-date system must be defined externally at the initial epoch
since VLRI observations are only sensitive to the relative orientation

of the baseline vector as will be discussed in the next section.

3.2,3 Time Delay Model

The geometric delay was defined by (2.2~7) as

diji = By(ty) © 8y

h

which represents the inner product of the it baseline vector in the

th source unit vector transformed from the

terrestial frame and the k
true~of~date system into the terrestial frame at epoch tj. Remember
that the delay is given in units of distance. Adding a two term poly-

nomial, whose coefficlents Aco and Acli correspond to a relative off-

i
set and rate, respectively, between the two clocks at the ends of the

ith baseline, the delay can be written as,

.....Ir —
d = —Binz(-ﬁj)Rl(—-nj)Ra(ej)sk+c[Acoi+Acli(tj-to)] (3.2-1)

ijk
where ej is the Greenwich Apparent Sidereal Time (GAST) at
epoch t
Poct %y
gj,nj are the components of polar motion that relate the true

celestial pole ("instantaneous" rotation axis of the
earth) to the average terrestial pole at epoch }J (EJ is

defined as positive along the CGreenwich meridian and N

J

along the 270°fE meridian)
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¢ the speed of light

to the initial epoch of observation (in VIP taken as 0 UT

of initial day of observations)

The R1 matrices represent (right-hand) rotations about the subscripted
th
i

axis by the angular argument in parentheses [Mueller, 1969].

The
GAST, ej can be rewritten as follows
- + W, UT1
= g, + wd[TAI-(TAI--UTC)--(UTC-UTJ.)]J (3.2-2)
+ Eq. B,
where 0, GAST at 0h UT of the initial day of observations
Eq. E. equation of the equinoxes
TAL international atomic time
uTC coordinated universal time
UT1 observed universal time corrected for polar motion
"d

converasion factor from universal to sidereal time.

In practice, UTC~UTL is interpolated from BIH Circular D five day
values. For purposes of brevity, let us denote

KJ - (UTC--UTl)J

at the jth epoch. Since Ej and nj are small quantities, expression
(3.2~1) may be rewritten as

1 0 Ej cos8, sind

y 5 0 cosékcosak
dijk"-[AxiAyiAzil 0 1 --nj -sinej cosej 0 cosGksinak

“gj nj 1 0

0 1 sinGk
+ c[Acoii-Acli(tj-to)]

(3.2-3)
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where Axi'AYi'Azi are the coordinate differences of the 1th baseline
in the terrestial frame
“k’sk are the true right ascension and declination of
the kch source, respectively,

Equation (3.2-3) expresses the functional relationship between
the delay observations and the parameters listed above., Of direct geo~
detic interest are the baseline coordinate differences, Axi, AYi’ Azi
(from which the baseline length can also be determined) and the earth
y K

orientation parameters, Ej' n + The smource coordinates, L §

3" k
are of astrometric interest. Eventually, their accurate datermination
will provide a catalogue of well-distributed sources resulting in more
accurate geodetic parameter estimation. The clock parameters, Acoi’
Acli are nuisance parameters, defined in order to make the mathematical
model more realistic, We will now examine which of the above para-
meters are estimable. By estimabllity we mean that there exists a para-
meter estimate which is unbiased, i.e., that the expected value of the
parameter estimate should be equal to the parameter itself (E(%)-'X).

In other words, the parameters can be estimated directly from the
observables without introducing external information (for example, para-
meter weights). It follows that for an estimable parameter set (i.e.,
each parameter 1is estimable) the normal matrix (see below) is
invertible. It is enough for one parameter to be non-estimable for the
normal matrix to be rank deficient (singular), thereby preventing para-

meter estimation. Using these properties, the estimable parameters cor-

responding to the VIP mathematical modelswill be determined.
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The normal matrix is by definition
N = ATPA

where A is the design matrix and P, the weight matrix of the observ-

ables. The elements of A are the partial derivatives of the observable

with respect to the corresponding parameters of the mathematical model.

In this case, the observable is the delay and the parameters of interest

are
Ax1 AYi, Azi, EJ, nj, KJ. s 6k. Acoi’ Ac11

as described above. Equation (3.2-3) can be rewritten

dijk - -Axi[cosskcos(ej-ak)4-Ejsin6k]
+AYi[cosGkain(ej-ak)4-njsin6k]

(3.2-4)
-Azi[ain6k~'chosskcos(ej-ak)-njcosﬁkain(oj-ak)]

+c[Ac°i+Acli(tj'~to)]

Taking the differential of dijk with respect to the parameters listed

above

d(dijk) = AAXidAxi + AAYidAYi + AAzidAZ1
+ A dE, + dn, + A dk
€, 3 An h | Kj A (3.2-5)
k Gk k
+ AAC d(Acoi) + A c

0l Ac 4

+ A do, + A, dS
%

d(Acli)

where the A's are the required partial derivatives of the time delay

with respect to the subscripted parameters as follows
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A - ~con6kcoa(0j~ak) - Ejainsk (3.2-6)

Axi
AAYi - cos&ksin(ej—ak) + njainak (3.2-7)
Anzil"4“1“6kf‘Ej°°“5k°°°(ej”“k)"“j°°’5k““(03‘“k)] (3.2-8)
AEj --wﬁxisinﬁk + Azicoaskcos(ejnak) (3.2-9)
Anj - Axisindk + Azicossksin(ej-uk) (3.2-10)
A = W.cosd, [AX,sin(0,~a ) + AY cos(0,~a, )
IR it e S I 1 Tk (3.2-11)
- AZiEjaiu(ijuk) + Azinjcos(0j~ak)]
Aﬂk -WAKJ/wd (3.2-12)
Ask - sinﬁk[Axicos(OJ~uk)-*AYisin(9j~ak)
«Azig,‘cos(ej-ak) - Azinjain(0j~ak)] (3.2-13)
~cos§k[Azi*'AX1€J-AYinj]
A me (3.2-14)
Acoi
AAcli"c(t:j - t;o) (3.2~15)

If there exist linear relationships between the coefficients listed
above, the column rank of the design matrix will not be full and the
normal matyrix will consequently be singular~-implying that not all of
tie above parameters are estimable. Neglecting the terms containing
Cj’ nj and Kj, being negligibly small, the following linear relation-~

ships are evident among the partial derivatives

AE; = AxiAAZ - AZiAAx (3.2-16)
i i 1
An. - ~AY1)AA2. + AziAAY (3.2~17)
3 i 1
Ao ™ wd[~AY iAAX + Axi"‘m ] © o (3.2-18)
] i i
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A =AY A - AX, A = ~A /W (3.2~19)
ak i A)(:l i AY1 KJ d

Therefore, it is not possible to estimate all of the parameters of
interest from VLBI delay observations. In order to circumvent these
rank deficiencies, a set of estimable parameters, closely related to
the set listed above is defined which will allow the normal matrix to
be inverted without the use of external information.

Before defining this new parameter set, it is useful to present
the geometric interpretations of the rank deficiencies, as expressed
analytically by equations ¢3.2-16) to (3.2~19). The first three equa-
tions show a linear dependence between various combinations of Axi,
AYi’ AZ1 and EJ, nj, Kj. These indicate a rank deficiency of three due
to lack of absolute orientation of the baseline with respect to the
true-of~date frame which cannot be sensed by the obaervablea.' The
origin of the terrestial system is arbitrary since the mathematical
model 1s expressed in terms of coordinate differences. The scale,
defined implicitly by the adopted speed of light, is inherent in the
observables. It is left to account for the rank deficiency expressed by
(3.2-19). This is due to a lack of reference direction (origin of right
ascension) for the true-of-date frame--the observables are insensitive
to any absolute direction in inertial space. Thus, it can be seen that
of the initial 10 parameters of interest only six may be estimated
simultaneously (see 3.3.2). Notice that the clock offset and rate para-
meters are differences and not absolute. Therefore, any common errors in
the epoch setting of the station clocks will be indistinguishabie from
corresponding variations in earth rotation [Shapiro, 1979].
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let us then define an estimable paramater set related to the
original set. The earth orientation parameters will be redefined as
follows. The total interval of observations is divided into several
adjacent periods to be referred to as earth orientation steps (or steps)

[Dermanis, 1978]. The three earth uvrientation parameters Ej, nj. K

h|
will be rewritten as
Ez =&, + (52-51)
ng =Ny + (nz-n,> (2>1) (3.2-20)
Kg =Ky ¥+ (kg=K'y)

where £ refers to the zth step. The reference orientation of the base-
line is defined by three parameters £,, n,, K, referring to the average
values of polar motion and UTC~UTl, respectively, over the first step.

For each subsequent step, a set of three earth orientation parameters

Ag,g = ER« - E';l
Anl,Q, = "z -n, (3.2-21)
Ax

1 - Kp T Ky

are estimated. They are interpreted as variations in earth orienta-
tion relative to the absolute orientation (implicitly provided by the
first step) averaged over the interval of time encompassed by the kth
step. These are the estimable earth orientation parameters and their
estimates are influenced by the interval of time spanned by the first

step and the number and spread of observations. By not including ¢,,

N1, K1 in the parameter set, the linear relationships expressed in
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(3.2-16)~(3.2-18) have been broken without resorting to external infor-
mation. This eliminates 3 of the 4 normal matrix rank deficiencies.
The earth orientation variations can be added to &;, n;, K, determined
from other sources, for example, BIH Circular D interpolated values.

For the purposes of VIP we can assume that
Ey =Ny =Ky =0,

although other values may be asrigned in the program.

A similar formulation will circumvent the fourth rank defi-
clency. The right ascension of one source will be constrained implicitly
to its initial value by not including it in the parameter set. We can

write
o =0y + (ak~al) (k>1) (3.2-22)

where o, is the fixed true right ascension. This value will provide
the reference: orientation of the origin of right ascensions. The cor-
responding estimable parameters are the right ascension differences
given by Oy = 0. Source right ascensions are non-estimable parameters.
The declination of the reference source should be nearly equatorial to
provide a strong definition for the reference direction. This can be
seen by an examination of (3,2~12) since the right ascension partial is
a function of cosGk.

This new set of estimable parameters is free of the rank defi-
ciency of four exhibited by the initial set. Although the normal
matrix is no longer singular, the estimation of baseline components is
biased by any errors in the four parameters of orientation o, El, Ny
Kk, as will be shown below. From this point of view, the baseline

1
36




components Axi. AY 40 AZ 4 are non-éstimable parameters and again we shall
resort to defining a corrasponding set of estimablcones.Ti. ﬁi' 01
[Arnold, 1974], respactively, according to the following derivation. Let
us rewrite (3.2-5), using (3,2-20), (3,2-21) and (3.2-22) in terms of the

estimable parameters discussed above, neglecting terms containing £, n

and K

d(dijkﬁ) -A’ti[dAX1+AY1dal *AZidE WdAY dky]

+ A, [dBY, - AX da +AZdn +W AX, dK,]

i
A_[dAZ, +AX . d§ - AY dn, ]
o, i i 3 (3.2-23)
A(K i )d(k -K )+A(E £, yd(Eg-t )+A(n£_n‘)d<n£~nl)
+ A(u -a, )d(a -0 )+A6Kd6
+ AAc°1d(Ac°i)-PAAC‘id(Ac‘i)

where the partial derivatives (the A's) correspond directly to those

given in (3.2-6) to (3.2-15). The partial derivatives of Ty €y Oi

correspond to those of Axi, AYi’ Azi, respectively. The differential

relationships between these two sets are given by the bracketed terms

in (3.2-23)
dr, = dAX, - AzZ,dE + AY,dB
de, = dAY, + AZ,dn - AX dB (3.2-24)
do, = dAZ, + AX dE - AY,dn
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where

dg, = da; - W,dx, (3.2-25)

implying that these two rotations are inseparable. The differential

relationships between the parameters can be re-written in matrix form

as
ar, | [anx, ] axX,
de, | = day, |+ Rz(dsx)Rx(dn:)Rs(dsl) AY,
do, | [anz, | ' az,
ax ] [ o a8, -ag,][ax, (3.2-26)
- lany, | +|-a8, o an,|[ay,
asz, | | g, -an, o []az

where dEl, dnl, dB1 are errors in the initial reference orienation
assumed to be of small magnitude. Ri are the rotation matrices
described earlier. Of course, the smaller these errors the more

closely Ty €» O will "resemble" the baseline components. The

i
importance of accurate initial orientation parameters is especially

apparent for long baselines. For example, from (3.2-24), for a base-

line with AX, = 4000 km, an error d&, = 0V00l will contribute to a

i
change of 2 cm in the "estimated'' AZ component (see Appendix B.l).
Baseline lengths, on the other hand, are estimable quantities

being unbiased by the errors in the reference orientation. This can be

shown by writing the baseline length, li as

o iy 2 2 2,1/2 _
£, = (AKX, + &Y 7+ Az %) (3.2-27)
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Then,

dki

" AxidAx1 + AYidAY1 + AzidAZ1

i

(3.2-28)

Substituting (3.2-24) into (3.2-28) yields

df

%

+ AY,(de, +AX da, - AZ dn, - W,AX, dky)

1
~ = OX (dr - AY da, +AZ dE, + WY, dK))

+ AZ,(d g -AX dE, +AY dn))

thus,

dg

1
21 Axid'ri

+ AYidei + AZ

do (3.2-30)

171

Comparing (3.2-28) and (3.2-30), it follows that li is unaffected by

errors in oy, £, Ny and x; which is obvious since distance is invari-

ant of coordinate system definition.

However, baseline lengths as well

as components will vary due to earth tides and geodynamic phenomena, and

therefore these phenomena may be parameterized as will be discussed in

section 3.2.7.

In VIP, the baseline length standard deviations are estimated by

propagation of errors from the baseline '"components" Ty» €49 O

L The

mathematical model is given by equation (3.2-27). The

variance-covariance matrix for distances, 221 is given, using the nota-

tion by [Uotila, 1967] as

CI G
21 71951’01
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where G is the matrix of partial derivatives of %1 with respect to each
component. ET € .o is the full covariance matrix of the baseline
1°7171
"components" retrieved from their corresponding elements in the
variance~covariance matrix of estimated parameters,
It is appropriate to summarize the previous discussion by

listing the estimable parameters recoverable from delay observations

T40€4004 baseline ''components" contaminated by errors in the

reference orientation

21 baseline distances
Gk source declinations
0y =0y right ascension differences

Agxg’Anxz polar motion variation components
AK:& UT1-UTC variations

Ac“i,Ac‘1 relative clock offset and rate, respectively.

3.2.4 Time Delay Rate Model

The geometric delay rate was defined in section 2.2 as the time
derivative of the geometric delay. Including the clock parameters the

delay rate is modelled

. dB (t,) _
dijk = -3 * 8 + cAcli (3.2-32)

Differentiating (3.2-4) with respect to time

dijk = mecOSGk {Axisin(ej-ak) + AYicos(ej~ak)
- AZi[Esin(ej-ak) - ncos(ej-ak)]} (3.2-33)

+ cAcli
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where

wg = 52 = [7l

is the spin rate of the earth, { thc instantaneous earth rotation vec-
tor. The magnitude of the terms containing £ and n in (3.2-33) are
negligible, indicating that the delay rate is effectively insensi-
tive to the AZ component of the baseline. It follows that only the
length of the equatorial projection of the baseline can be estimated.
In addition, the delay rate is unaffected by clock offset variations,

Ac Furthermore, examining (3,2-32)

ol’

df - -
'a*EQXB

is orthogonal to Q and, thus, the origin of declination is undefined
[Counselman, 1976] as well as the right ascension origin. The discus-
sion of the parameters estimable from delay rate 1s identical to that of
delays except that in this case AZi(oi) and Acﬂi are deleted, and decli-

nation differences 6k—61 replace § Thus, an expression similar to

k'
(3.2~23), corresponding to delay rates

[4AX
1
+ A LAY, +Az,dn, = 0X,d8,]
* -
(+ & dAZ, +AX,dE, - A%, dn, )) (3.2-34)

—AzidEl+AYidBl]

d(dyy ) = A [dAX,

AT T A g AR FAq iy y3NgT)

+ A dw a)+A

(6 -8 )d(G -8 )-PA 11d(Acli)

(a ~0,)

*Negligible.
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From (3.2-41) it 1s evident that the delay

where 6, is the declination implicitly constrained to its a priori

value by not including it in the parameter set. All the other terms

have been defined in section 3.2.3, The partial derivatives of the

delay rate with respect to the subscripted parameters are
A,ri - wecoaﬁksin(ej z—ak) (3.2-35)
Aei - waconskcos(ej l_o'k.) (3.2-36)
(o, = ~Ugconb [Eain(8) -ay) - nycon(e, -0 ) 1)

2
A(“g""x) - u cosék{Axicos(e“-uk) - AYi“n(oj[(’k)

(3.2-37)
= 82 [gcos(0, ma) + ngein(e, o)1)

MEgrgy) ™ TUaS088,82 81n(0, -0 ) (3.2-38)
A(ng'"x) = wecosakAzicos(e“-qk) (3.2-39)
A(“k-al) - -A(Kg’—lcl)/we (3.2-40)
A(Gk'sx) - -mesinGk{Axis:ln(e”-ak) +AYicos(en~ak)

(3.2-41)

- AZ:l[Ezsin(ejz-ak) -nzcoa(e“-ak)]}

Ape,, = (3.2-42)

rate is insensitive to the

declinations of sources near the equator,

The delay rates are less important than the delays because of

their relatively lower accuracy and reduced estimable parameter set.

including 52 and nz in (3.2~
partials,

*
Negligible - not included in VIP as well as all other terms
35) - (3.2~42) and similarly for the delay
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However, delay rate observations do have the advantage of being
unambiguously estimated and, thus, may be estimated with rela-
tively simple equipment. In addition, Fanselow [1978] states that
the delay rates aid in reducing correlations between certain

parameters.

3.2.5 Adjustment Algorithm

The adjustment algorithm used in VIP is the standard method of

observation equations of the form [Uotila, 1967)

La - F(Xa)

where L. is the theoretical value of the "observed" quantities, delay
and delay rate, related functionally to the theoretical values of the
parameters. The function F is given by equations (3.2-3) and (3,2-33)
for delay and delay rate, respectively. The non-linear function F, in
each case, 18 linearized by retaining the first-order term of the Taylor
series expansion about the approximate values of the parameters, X,,

such that

OF(X )

a
La = F(xo) +“-*§-i‘;- (Xa xo)

= Lo+ AX

where Ly = F(X,) is the vector of approximate values of the observed
quantities based on the approximate parameter vector, X, and computed

frem equations (3.2-3) and (3.2-33). The design matrix of partial
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OF(X )
derivatives A = -5§£~ includes the elements given by equations
a X, = X,

(3.2-6) = (3.2-15) and (3.2-35) = (3.2-42), X = X, - X, is the vector
of parametar corrections to be applied to the approximate parameter
estimates, xo, to yield xa. the adjusted parameters. The theoretical
observable, Ln can be separated into the actually observed quantity vec~-
tor, Lb (in this case group delay and phase delay rate estimated from
the cross correlation process) and the vector of residuals, V, rerulting

from observational errors., Then,

Lb +Vm L° +AX

V=AX+L

Where L bl Lo - lobo
By minimizing the sum of the squares, VTPV, the least squares estimate

for the parameter correction vector, X is

X = ~atpA) " 1aTpL = N7y

where P is the inverse of the variance~-covariance matrix for the observ-

ables, sz scaled by 03, the a priori variance of unit weight.

The a priori covariance matrix of the parameters is given by,

Iy = o2 (aTpay1
a

The Zx matrix is the basis of the VIP covariance analysis. The

a
a posteriori covariance matrix is given by
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I, = oeATem™!

a
where

T
52, Vry
O n=u

A
03 is the a posteriori varlance of unit weight, n is the number of

T

observations and u, the number of paramaters. The scalar V' PV can be

computed from

vipy = 1TpL + X%

therefore, there is no need to compute each residual. However, in
practice the residuals usually contain information on systematic
effects, especially errant clock behavior., Since VIP is mainly
intended as a covariance analysis program, the residuals are not com-
puted when the least squares solution option is specified.

The VIP least squares algorithm uses the equations listed
above. The normal matrix, N is filled in a sequential manner and in
upper triangular form in order to conserve on storage requirements,
This is crucial on TSO where the limit is 256K. Triangular storage
requires u(u+l)/2 storage locations as opposed to u2 in the full case.
No attempt is made to exploit normal matrix sparsity patterns although
this may become necessary for larger parameter sets. VIP is dimen-
sioned to accept a parameter set of size 62 although this could be
increased up to the storage limit of 256K. In order to simplify dimen-
sioning all matrice: are stored in vector form using the SSP subrou-
tine LOC for bookkeeping purposes [IBM, 1970]. The SSP routine, DSINV
which handles matrices stored in upper triangular form is called to

invert the normal matrix. 45
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Since simultaneous observations from several stations to a given
source at a particular epoch j are correlated (as described in the next

section), the N and U matrices and part of VTPV are filled epoch by

epoch as follows

E o
Nw ZA7TPA
AR
E
T
U= T AL
s Tat
T T E g
viey » XU + I L,0P.L
AR I

where E is the number of simultaneous observation sets, each set con~-
taining the observations of one epoch. The Pj portion of the weight
matrix is block diagonal, each block having its dimension equal to the
number of independent baselines observing simultaneously at that epoch.
This will become clear in the next section. The above summations

assume that observations at different epochs are uncorrelated which is
in accordance with the VIP mathematical model. In practice, such obser-
vations may be correlated but only as a result of unmodelled systematic
effects such as those resulting from the propagation medium.

After inversion of the normal matrix, and multiplication by the
variance of unit weight, the estimated standard deviations of the para-
meters are computed by taking the square root of the diagonal elements
of the resulting variance-covariance matrix of parameters. In additiom,

the correlation matrix of parameters is computed from
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0
) xixl

P
X, X 4]
Xy

1% "'xi

where oxixj is the covariance of parameters x1 and xj and ax1 and GXj
are their respective standard deviations. The correlation matrix
describes the interrelationships among the parameters. A value of
]pxile close to unity indicates that the parameters are highly depend-
ent while a value of unity indicates a singularity and complete linear
dependence. High correlations may result in ill-conditioned matrices
and thus unstable systems whose solutions are circumspect.

I11 conditioning of the normal matrix is reflected by the ratio
of the largest and smallest elgenvalues. They are comp:ted in VIP
using the SSP routine, DEIGEN, which outputs the eigenvalues in
descending order of magnitude. A relatively large ratio will indicate

ill-conditioning possibly resulting from a critical geometric configura-

tion (see Section 3.3.3).

3.2.6 Weighting of Observations

VLBI observations are usually performed simultaneously from all
participating atations‘unless mutual source visibility makes this impos~-
sible. In accordance with the VIP mathematical model, simultaneous
observations to a particular source at a given epoch are correlated. A
simple model, suitable for covariance analyses, for computing these cor-
relations will be described below. This formulation assumes that the
delays are all observed with equal precision, a reasonable assumption
for covarlance analyses. Typical precisions are 0.1 ns (3 cm) for

delay and 0.1 ps/s (0.108 m/hr) for delay rate.
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The following discussion will address a triangle of stations for
the sake of description but can be extended to any closed configuration.
As described in Chapter 2, the raw observables are the bits recorded on
magnetic tapes at the three sites. The dc.ay (and delay rate) is esti-
mated by cross-correlation of the tapes. Denoting the time delay
between stations i, j as 113 it follows from the mathematical model

that,

le + Tz, + Ty ™ 0. (3.2"‘03)

Thus, any one of the delays is linearly dependent on the other two. In
other words, if two delays have been estimated then, theoretically, the
third one is completely determined (Shapiro, private communication) and
does not provide independent information. In this example, there are
three possible combinations of two independent delays. Regardless of
the chosen combination, the parameter estimates should be identical
since all three sets of tapes, containing the same information in any
case, are required. If the correlations between the observables, at
each epoch, are neglected, there will be three different sets of para-
meter estimates, one for each combination.

The delay, conceptually, is the difference in times of arrival
of a given portion of a wavefront at two antennas. Therefore, in tri-

angle 1-2-3 the delays for one epoch can be written as

Tyz ™ty = &,
Tog ™= tg - to (3.2‘4’0)
T

"t~ ts
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In matrix form

(3.2~45)

Assume that L, the variance~covariance matrix of the "observed' times
is a diagonal, i.e., that all observations are of equal precision. Let
us further assume that it is the identity matrix since at this point we
are interested solely in the correlations between delays. By propaga-
tion of errors, the variance-covariance matrixof observed delays for

one epoch of observation is

(3.2-46)

However, the determinant of this matrix (of rank 2) is zero and thus cannot
be inverted. This is just a restatement in mathematical terms of the fact
that the three delays are dependent. Clearly, parameter estimation is
impossible in this case and one delay must be eliminated. It makes no dif-
ference which one since, using this model, the parameter estimates and
their variances will be identical using any two of the time delays. Let

us choose T2 and Tz3. Then, for one epoch of simultaneous observations

1
2 -1 1 -"2—
Z_l_ - =
1
-1 2 -5 1




— - -

disregarding the scale factor for the moment. Scaling this matrix to 3 cm
precision inunits of distance (equivalent to 0.1 nanosecond) and thus

replacing T by d
0.0009 ~0.00045

4 1-.0.00045 0.0009

This matrix is then inverted and the first element (upper left-hand
corner) is scaled to unity, the scaling factor being the a priori
variance of unit weight, a%. The complete weight matrix in this

example 18 2 X 2 block diagonal

- .
1 -1
2 0
,% 1
2"1 »
P = ogr " . (3.2-47)
‘ 1
1 -3
0
1
! 21

where 0% = 0,000675. As with all other arrays, the weight matrix is
stored in upper triangular vector form.

Correlations between simultaneously observed delay rates are
computed in the same manner. In analyses involving both observables it
is assumed that delay and delay rates are uncorrelated. As mentioned
earlier delays at different epochs are assumed to be uncorrelated, and
similarly for delay rates.

The above discussion indicates the importance of including the
proper correlations among simultaneous observations. Otherwise, para-
meter estimation is not unique and it is meaningless to perform a
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covariance analysis. Using a diagonal weight matrix (neglecting the
correlations) with all three time delays will yield a unique get but
with parameter precision estimates that are overly optimistic. This
may not be significant in the triangular configuration described
above. In general, however, for an N-station configuration there are
N(N-1)/2 possible baselines (tape combinations) but only N - 1 inde-
pendent ones. For example, In a six station configurstion there are
15 possible baselines, only 5 being independent.

The weighting procedure described above is highly simplified
but appropriate for covariance analyses. In analyzing real data, the
XT matrix is much more difficult to determine and the weight matrix is
taken as diagonal. However, unless the true correlations are known,

the least squares estimates may be quite misleading especially in

larger networks.

3.2.7 Model Refinements

The mathematical models described in sections 3.2.3 and 3.2.4
are suitable for the type of applications for which VIP is intended.
The parameter set chosen for VIP was influenced by studies of the
Polaris triangle, i.e., monitoring of earth orientation variations.
Other effects such as nutation, precession, crustal movements, earth
tides and ocean loading were not included. In the handling of real
data, though, these other phenomena must either be parameterized or

compensated for by a priori information in order to correct for their
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influence on the observables. Otherwise, the estimated parameters would

be contaminated by their effects.

Robertson [1975) has estimated the precession constant, the rate
at which the Earth's spin axis rotates about the ecliptic pole, from
VLBI observations spread over approximately four years., In simulation
studies, Dermanis [1977] defined three rotation angles to model the
total effects of precession and nutation. A step approach similar to
that described in section 3.2.3 for earth orientation was used since
only relative variations may be sensed by the observables.

Robertson [1975]) was able to estimate the Love number, h,
related to radial displacements caused by the tidal potential. Since a
time delay can be estimated every few minutes, this provides ideal con-
ditions from the point of view of earth tide analysis [Bonatz et al.,
1978].

Geodynamic phenomena may be estimated from VLBI observations,
by observing relative changes in the baseline components. When involved
in a long observational campaign many data sets are generated. Although
baseline components are non-estimable, the adoption of one reference
baseline orientation for all the data sets at least will insure that the
estimated 1, €, 0 parameters will refer to a comsistent coordinate sys-
tem. In this case, errors in reference orientation will cancel out.
Otherwise, the differences in these parameters due to the varying
reference orientation will look like time-like variarions, although in

reality they will only be due to inconsistent coordinate system defini-

tion.
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3.3 Singularity Problems

3.3.1 Introduction

In the least squares process, when the normal matriv has rank
less than its dimension it is singular and cannot be inverted, thereby
preventing parameter estimation. In the VLBI case, more specifically
using the models of VIP, singularity problems may occur for a variety of
reasons. In this seqtion we will review these problems. First, it
should be noted that by defining the estimable parameters in 3.2.3 and
3.2.4, singularities due to coordinate system definition have been elim-
inated. As discussed previously, the origin of the terrestial system is
arbitrary and the scale is inherent in the observations themselves. The
reference orientation of the terrestial frame with respect to the
true~-of-data frame must be specified and this is done by parameterizing
the earth orientation parameters as variations relative to the values
assumed for the first step. In addition, the singularity due to.lack of
a reference direction for the true-of-date frame is eliminated by esti-
mating right ascension differences relative to one fixed right ascen-
sion. For delay rate observations only, the origin of declinations must

also be specified.

3.3.2 (Observation Singularities

In least squares estimation the number of observations must, of
course, exceed the number of parameters. In VLBI, these observatioms
must be distributed correctly over a minimum of three sources, other-
wise a singularity will occur. This can be seen from the following

analysis that has been performed previously by Robertson [1975] and
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described very clsarly by Shapiro [1978], both for a smaller parameter
set than included in VIP.

Equation (3.2-4) can be rewritten as (dropping the subscripts)

d = Kycos(6~a) + Kpsin(0-a) + Ky + K,t (3.3~1)

where K; = (-AX + AZE)cosd

K2 = (AY + AZn)cos$
Ky = (-AZ - AXE + AYn)sind + cAcy
Ky = cAcy

For a given baseline the K terms are constanis to a first approxima-
tion, but vary slowly with respect to time due to polar motion varia-
tions (as well as precession, nutation and earth tides). The terms
Kjcos(6~a) and K;sin(6-a) are Soth diurnal sinusoids, remembering
though that 6 is affected by UT1-UTC variations (the Kk term). The
amplitude of these sinusoids given by K, and K, ave functions

of the baseline vector, and the source declination. The two
curves are shifted in phase by 90° since sin(6-q) = cos(6~u-%9. The
angular frequency of the sinusoids is given by the rotation rate of the

earth. This can be seen by expressing

0 =0 +twt
e
and, thus

0 -a = (6g~a) +w t
e (3.3-2)
-¢+met
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where ¢ is the phase of the sinusoids relative to some initial epoch,
W is the rotation rate of the earth, and 6 is the Greenwich sidereal
time. The sum of these two sinusoids is again a sinusoid of the general

form

Kcos (¢ oma t)
where ¢, is the resulting phase and K, the amplitude. Thercfore,
d = Kcos(¢°+wet) + K, + Kt (3.3-3)

which represents a straight line added to a diurnal sinusoid.

Assume that delay observations are performed from one baseline
to one spurce. From the discussion of section 3.2.3, over the first
step the following parameters are estimable: Tyr €59 Oy 6,. Ac,,.
Bc,,» & total of 6 parameters. An examination of (3.3-3) indicates,
though, that only 4 independent parameters K, ¢° (or we). K, and K~ can
be estimated from at least 4 observations to one source. Three addi-
tional observations to a second source will enable 3 more independent
parameters to be estimated, another set of K, ¢°. K,--a total of 7.
Note that K, is common to observations of all sources. Two new para-
meters, Q,~a, and 62 will be added to the set of interest--a total of
8 parameters. Thus, observations to two sources still yields a singu-
lar case with respect to the parameters of interest. In a similar
manner, 3 additional observations to a third source will allow estima-
tion of ten independent parameters. In this case a,-a,, 63 will be
added to the set of interest--a total of 10 parameters. Thus, over the

first (earth orientation) step we are able to estimate
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Tys €3 Oy G0y, Gp=0, 8, §,, 8,, Acgy, Acy,

from at least 10 observations distributed as described above to 3
sources. For each subsequent step, we can estimate‘che 3 eartl orien~-
tation variations AE:R’ Anlz, AK:& as described in 3.2.3. As shown in
the next section, only two of three of these parameters are estimable
from observations from one baseline. In this case for each extra step, i
two more observations per step will be required to any of the three :
sources observed over the first step. In multi-baseline configurations
all 3 earth orientation parameters may be estimated. In addition for
each extra baseline the parameter set increases by five, 11. ei, 01,
Acoi’ Acxl’ Thus, observations to the minimum 3 sources must be
increased accordingly. Of course, for the sake of redundancy the number
of observations always exceeds the minimum number required (increase in
the degrees of freedom). In addition, for improvement of the geometric
strength of the observations, more than the minimum three sources are
observed.

For a similar analysis of delay rate observations, see
[Robertson, 1975]. It is important to note that the addition of these
observations do not add any independent information whereby the number

and distribution of observations could be reduced. As mentioned

earlier, delay rates have a reduced parameter set associated with them,

though adding redundant information but of relatively lower quality.

3.3.3 Critical configurations

There remains one additional category wherein the normal matrix

is rank deficient and this can be classified as critical
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baseline configurations. Baseline orientation approaching these special
cases will result in high correlations between certain parameters and
ill-conditioning of the normal matrix.

It will be shown here that observations from a single baseline
are sensitive to only two of the three earth orientation variation para-
meters, AE, An, AK. To understand this let us first examine the pos-
sible critical configurations of the one baseline case. Consider a
baseline parallel to the earth's axis of rotation observing a source at
"infinity." Examining the partial derivative (3.2-11) it is evident

that since Axi - AY1 = 0 (and neglecting the terms containing E and n)

AAK

= A =90

K
and, therefore, che delay (and rate, see (3.2-37)) is insensitive to the
UT1-UTC parameters. Atte~pting to estimate these parameters will result
in a singular normal matrix. Consider a baseline parallel to the equa-

tor whose midpoint is situated on the Greenwich meridian or at 180°

longitude., 1In this case Ax1 - Azi = 0 implying from (3.2-9) that

so that for this configuration the delay (and rate, see (3.2-38)) is
insensitive to the AE parameters of polar motion variation. Similarly
for a baseline parallel to the equator and whose midpoint is at 90°E

or 270°E longitude from (3.2-10)

A

An "~ An =0
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and the delay (and rate, sea (3.2-39)) is insensitive to the An com-
ponent of polar motion. For example, continental United St.tes
east-west basaline observations are hurdly sensitive to the An para-
meters. It is now evident that observations from one baseline can be
used to estimate only two of three earth orientation parameters inde-
pendently since a change in the orientation of one baseline is com-
pletely described by two distinct rotations. The choice of which two
to choose will be dictated by the orientation of the baseline and
examination of the magnitude of the partial derivatives of (3.2-9),
(3.2-10) and (3.2-11). Note that the addition of any number of parallel
baselines to any of the critical configurations listed above will not
eliminate the rank deficiency. However, observations on any two
non—parqllel baselines will allow estimation of all three earth orienta-
tion variation parameters (over each step--except the first) since a
change in orientation of a plane in space is fully described by three
independent rotations., An exception to this is given in the next para-
graph.

A baseline parallel to the equatorial plane (observing delays)
constitutes another case of a critical configuration. In this case,
AZy = C and from the partial derivatives (3.2-6), (3.2-7), and (3.2-13)

the following linear relationship is evident

+ AY A, ) (3.3~4)

A

i

agsuming the terms containing £ and n are negligible. This w’ll result

in a rank~-deficient normal matrix. In geometric terms, the origin of
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declination is not sensed by the observations since the basaline is
orthogonal to the instantaneous earth rotation vector, . This is
similar to case of delay rates described in 3.2.4., Therefore, for such
a configuration, the parsmeter set must be modified by introducing
declination differences as parameters instead of declinations. It
should be noted that for any number of east-west baselines the con-
figuration will be critical when estimating the regular delay parameter
set described in 3.2.3. 1In practice, baselines parallel to the equa-
torial plane are not very common; however, observations from a baseline
approaching this configuration may result in an all conditioned system
and high correlations between certain parameters. The ratio of maximum
to minimum normal matrix eigenvalues is a good indication of an
ill~-conditioned system. For typical "non-critical" VLBI baseline con-
figurations this ratio is of the magnitude 105 or 106. For a
near~critical configuration this ratio will »e several oriers of magni-

tude larger.

3.4 Source Visibility Equation

In planning an observation schedule the first factor to be con-
sildered is which sources are visible at a partigular epoch and from
which stations. This information is displayed in the visibility matrix
computed for each source., The dimensions of each matrix are N X 24
where N is the number of stations and the columns refer to the epoch of
observation at one~hour intervals. The elements of tbe matrix are out-

put by VIP as zenith distances when the source is visible, a double

asterisk when not. An example 1s given in Appendix B.
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The source unit victor s in the inertial frame is given as

cosf coso -
8 =} cosd sing

gy
The station unit vector X is given in the terrestial frame as

[cos¢ cos)
X =

cos¢ sin)

luin¢

¢ and A , the geodetic latitude and longitude of the stationm,

respectively. The zenith distance is given by

z = cos—l(i'a) (3.4-1)

where 3 corresponds to 8 rotated into the terrestial frame by Ry(6),
0 being the Greenwich sidereal time (see eq. (3.2-3)). Polar motion
has been neglected. Any cutoff angle may be specified for the accept-
able zenith distance which is usually taken as 80° (or less) because

of the large .efractivity effects for observations near the horizon.
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4. CONCLUSIONS AND FUTURE RESEARCH

4.1 Summarv and Conclusions

A VLBI covariance analysis Interactive Program (VIP) is pre-
sented in Appendix A as a tool for experiment planning, simulation
studies and optimal design problems. Explanatory tables, figures and
the recessary JCL are included for ease of adaptation and operation.

The sample session included in Appendix B, consisting of two experi-
ments, 1llustrates some of the capabilities of the program and the
advantag.« of working in the interactive mode. The program itself is
well documented in case the user wishes to incorporate his own modifica-

tions (e.g., expanding the parameter g2t). By an explanation of the

theory on which the program is based and of the mathematZcal models which

it incorporates, an overview of the VLBI process is given.

The introductory chapter touches upon the past, present and
future aspects of VIBI as well as its applications to geodesy and the
related fields of astronomy, geophysics and geodynamics.

Chapter 2 opens with a description of the basic VLBI geometry
and of the quantities that are of primary interest--the time delay and
time delay rate. Their estimation requires expensive and sophisticated
instrumentation used for data collection and cross-correlation of the
recorded tapes. The basic components of the system have been described

(in broad terms) as well as their functions. The point is made that to
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arrive at geodetic parameter estimates, a two-stage estimation proce-
dure is required, The first one results in maximum likelihood estimates
of group delay and phase delay rate and their corresponding precision
estimates from cross-correlation of the recorded tapas, The basic
observables in this stage are the raw bits recorded on the various
tapes. The second adjustment, by least iquares, incorporates the above
estimates as observables to estimate the relevant geodetic parameters.
Of course, if the full covariance matrix of the "observables" (delay and
delay rate) is available, there are no problems with this two-step
procedure. However, in practice, this is not the case (see Section
4.3). 1In addition, unmodelled systematic effects further influence the
estimation process and tend to reduce the reliability of the final esti-
mated parameters. Clearly more research is needed to improve the mathe-
matical models and for a more rigorous statistical treatment of the
data,

In Chapter 3 the mathematical models used in VIP are described.
The parameters estimable from delay measurements are derived. Except
for baseline lengths and source declinations all estimable parameters
are variational in nature, relative to the initial orientation of the
inertial and terrestrial frames. These parameters include baseline
components that are contaminated by errors in the reference orientation,
polar motion and UT1-UTC variations. The importance of adhering to a
standard reference orientation when combining several data sets is
stressed so that all parameters will refer to a unique coordinate sys-
tem. The delay rate model includes a reduced parameter set. The third

"component" of the baseline is non-estimable and only declination
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differances may be estimated. Next, the VIP adjustment algorithm,
the sequential observation equation method, 1s described. A model
is presented for determining correlations between simultaneous obser-
vations used to formulate the variance-covariance matrix of the
obgservables, It is suitable for covariance analyses and illus~
trates the importance of developing a model to handle real data.
Next, possible model refinements are indicated including parameteri-
zation of precession and nutation, earth tides and geodynamic phenomena.
Finally, singularity problems associated with the models described in
this report are summarized. These occur from incorrect distribution
and number of source observations, and from critical baseline con-
figurations.

In the next two sections, two future areas of research will be
discussed. Each one will make use of VIP and are actually the impetus

for its development.

4.2 Optimal Design Problems

VIP is intended as an aid in VLBI simulations by providing
a priori lower bounds on the expected variances of haseline and earth
orientation parameters to be estimated from a given experiment. These
simulations may include first- and second-order optimal design problems.
Design problems, in general, may be approached from philosophically dif-
ferent but related points of view. In experiment planning, a parameter

(or set of parameters) is required at a certain level of accuracy and
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the problem is to determine the conditions nscessary for this require-

ment to be met, if it can be met at all, In experiment simulation,
given a set of preliminary concitions we wish to determine the upper
bounds on accuracy for a given parameter set. VIP can be of help in
studying both approaches although it is more directly amenable to

experiment simulation.

VIP was developed while studying the proposed Polaris triangle
(Westford-Ft. Davis-Richmond) of NG5 to be dedicated to the monitoring
of earth orientation variations. Therefore, the description of
first~ and second-order design problems will use this network for
explanatory purposes. First-~order design may be defined, generally, as
the selection of station sites for the "optimal" estimation of a given

geodetic parameter set. The criterior for optimality (in any sort of

design) may vary, one example being the minimization of the trace (or

partial trace) of the variance~covariance matrix of parameters. T
First-order design may be approached according to one of the viewpoints ;

described above, for example:

1) Suppose we wish to determine 24-~hour averages of polar motion

and earth rotation variations to the 10 cm and 1 ms level respectively.

What are the minimal conditions necessary, e.g., number and choice of
stations (given a source catalogue) for those accuracies to be met? Or l

alternatively,

2) Suppose there are five available stations for the Polaris

network but only three may be chosen. Which three would allow the
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"best" overall determinations of earth orientation variations? Obvi-
ously, the first question is more difficult because of its absolute
nature, while the second one requires only a relative answer. The
presence of unmodelled systematic effects in the actual measurement
process (particularly at the present VILBI state-of-the-art) may make
good a priori accuracy estimates (via covariance analyses) difficult to
obtain, especially for question 1 above.

Ma [1978] studied the first~order Polaris network design prob-
lem from an experiment simulation point of view. He introduced the
effects of typical systematic errors by including model error para-
meters in the covariance analysis. The first-order design problem has
not been of primary importance since antenna availability in conjunction
with economic and political considerations have almost totally con-
strained its solution. However, with the development of portable
antennas and allocation of greater resources, this problem assumes
greater relevance. Dermanis [1977] derived parameter sensitivity vec-
tors in studying first-order design for earth orientation and baseline
parameter estimation.

The second~order design problem may be defined as follows:
Given a network of stations, a radio-source catalogue, and an interval
of time of antenna availability, optimize an observation schedule for
the estimation of, for example, baseline and earth orientation para-
meters. This problem can als¢ e approached in two ways. It can be

asked whecther required earth or:.mtation variation accuracies mentioned
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above can be resolved in an eight-~hour daily shift :r whether continuous
observations are needed, the answer being of obvious economic signifi-
cance. In a similar vein, Moiinder [1978] reported on a method to com-
pute required antenna time to achieve a given baseline accuracy.
Alternatively, Ma [1978] searched for a scheduling strategy to minimize
the haseline component variances. The second~order design problem has
been somewhat constrained in the past by the low number of sources
acceptable for geodetic applications (up to 20 with the Mark I system).
The new Mark III system will enable more sources to be observed
resulting in a better sky distribution.

Hints to a possible solution of the design problem are pre:-
sented below. The partial derivatives of the observable with respect
to a particular parameter constitute the elements of the deaign matrix
A that forms the normal matrix N = A'PA, whose inverse yields the
a priori covariance matrix of parameters. In VLBI, the partials are
diurnal sinusoids, the baseline vector and source declination deter-
mining the amplitude, the source right ascension and epoch of observa-
tion, the phase with respect to OhUT (for example). For second-order
design, the station locations are given which leaves variable the
choice of sources and their epochs of observation. The magnitude
of a particular partial which rcflects the sensitivity of an observation
to a particular parameter determines its numerical contribution to the
normal matrix. Assumir. 1o carrelations between parameters (and obser-
vations) a dfagonal normal matrix would result, and in this case the
larger the diagonal elements, the smaller the parameter variances. In

this ideal case, the solution to the design problem would be to cbserve

66




e

Ly

the sources when they would maximize the partials with respect to the
different parameters. However, the parameters are correlated, and Ma
[1978) found that this approach does not yield optimal results for base-
line length recovery. Therefore, a particular source must be observed
not only at the epochs at which the partial derivative sinusoids attain
their maxima. How then should the observations be distributed? Since
the partials enter the normal equations squared, the sinusoids are com-
posed of two equivalent 12-hour half-cycles, it is reasonable to assume
(although correlatiun: hitween parameters may iuvalidate this assump-~
tion) that observit:..:: ::a both half-cycles are unnecessary from the
point of view of added sensitivity (though they do add redundancy~--on
the other hand from a systematic error modelling viewpoint, Shapiro
[1978] suggests observing high declination sources ("clock stars") over
a large fraction of the diurnal cycle to correct for the effects of
long-term drifts in the clock behavior). Observational constraints
(described below) may limit the availability of a particular source to
the quarter-cycle. It will be tested by simulations whether the sensi-
tivity of the observable to a particular parameter can be adequately
exploited by observing sources throughout 2 half (or quarter cycle) of
the corresponding parameter partial, in such a way that the sinusoid is
adequately represented. In this way, the sensitivity of the observable
to a particular parameter may be fully ewploited. [Ma, 1978] found that
the strategy of maximum sources is not optimal. According to the above
hypothesis this is due to inadequate sampling of the sinusoids since

less observations are available to a particular source while at the same
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time antenna slew time is increased. Therefore, it would be advan-
tageous to observe less sources; Ma suggests ten for geodetic pur~
poses.

Until further results are available, the following two-stage
procedure is suggested. iInthe first stage, the sources to be observed
are selected fromthe available source list as follows. Suppose we are
interested in the optimal estimation of earth orientation parameters. By
an examination of the partial derivatives it canbe seen that for a parti-
cular station configuration, estimation of the elements of the parameter
set are sensitive to either low, mediumor high declination sources [Bock,
1980]. Further suppose that it has been decided to cbserve twelve sources
over a 24-hour period. Thus, for each parameter we can chooge four sources
whose right ascensions are distributed fairly evenly over 24 hours., These
sources can be chosen by sorting through the available source 1ist and
choosing for each group those sources that provide the largest partial deri-
vative values (a function of source declination). Once the sources are
selected, the second stage will involve choosing the corresponding epochs of
observation according to the hypothesis cuggested in the previous para-
graph.

There are problems with the ahove procedure. In a multi-baseline
experiment there are several baselines to consider. The source sort is
then performed according to the "best" baseline for the estimation of a
particular parameter determined by comparing the sensitivities of the cor-
responding partial derivatives. Inaddition, low declination sources are
visible for shorter periods of time whichwill require their more judi-

clous selection. Finally, and most important, this procedure does not
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consider the correlations between parameters, Clearly, more research is
required into this problem area to translate the above suggestions into
mathematical form, or to search for other more rigorous optimization
techniques. Observation scheduling is quite a tiresome chore and an effi-
cient algorithm that could provide an "optimal" schedule is needed.

In developing an optimal schedule algorithm several constraints
must be considered. A source must be observable from all participating
stations at a particular epoch of observation. VIP contains a routine
that outputs visibility matrices for each source over a 24-hour period
as described in Section 3.4. An example is given in Appendix B.

The slewrates of the station antennas are other factors tobe con-
sidered. Slewrateis a function of the size, steering mechanism and mount
geometry of a particular antenna. With equatorial mounts, slew time
between any two sources is constant over the entire day, although high
declination sources are difficult to track. The equatorially mounted
Ft. Davis antenna has an hour angle constraint of 5-1/2 hours on each
side of the meridian. For az-el mounts the slew time between any two
sources is a function of the epoch of observation. In addition, there
is a blind spot at the zenith as well as cable wrap problems.

Robertson [private communication] has suggested a function that would
weigh cost, corresponding to slew time, against benefit to the objec~-
tive function of some optimization techmnique.

Another constraint is dead time which is the time required for
nonobservational matters such as the switching of tapes and water vapor
radiometry. Economic constraints may include the availability of only

one eight-hour shift per day.
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4.3 Observation Correlations

In Section 3.2.6 a model suitable for covariance analyses was
developed for determining the correlations between simultaneously
observed time delays (and time delay rates) in an N station network.
The model is a formuiation of the theoretical time delay definition--
the difference in times of arrival of a given segment of a wavefront at
two antennas. However, since delays are not measured in this manner,
rather by the cross-correlation procedure described in Sectiom 2.3,
this model needs to be modified for application to real data. Neglect of
the real observation correlations (or a suitable approximation to them)
in the second adjustment mentioned in Section 4.1l may alter significantly
the geodetic parameter estimates.

In this context, an experiment was performed at the Goddard
Space Flight Center with the aid of Jim Ryan and Chopo Ma. Two good
data sets were edited to retain all good simultaneous observations from
the Haystack, OVRO (Owens Valley) and NRAO (Greenbank) stations. Least
rquares estimates of baseline and earth orientation parameters using all
three baseline observation sets (a dependent set, see Section 3.2.6) were
compared to the results of each of the three two-baseline independent
combinations. Theoretically, the two-baseline combinations should yield
identical estimates when the true observation correlations are con-
sidered [Shapiro, private communication]. The three-baseline case
includes only two independent baselines and therefore will yield overly
optimistic estimates. In practice, due to inadequate knowledge of

observarion correlations, a diagonal variance-covariance matris of
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observables is assumed. 8ince the NASA software cannot accommodate
off-diagonal elements for the variance-covariance matrix of observ-
ables, the experiments were performed with a diagonal matrix.

The data sets were divided into three intervals of time. The
first set makes up the first interval of observations of approximately
25-hour duration. This entire interval is used for the first earth
orientation step, thereby providing reference orientation for the polar
motion and earth rotatlon parameters of the subsequent steps, as
described in Section 3.2.3. The second data set is divided into two
approximately 20-hour steps. For aach of these two steps, three earth
orientation variation parameters are estimated relative to the initial
orientation provided by the first step.

The experiments were run in the "unweighted" and "weighted"
observation modes. The unweighted mode involves the original time delay
observations with their estimated standard deviations as they are
recovered from cross—-correlation of the tapes. The weighted mode uses
observations that have been scaled after an initial adjristment to reduce
the a posteriori variance of unit weight to unity. Fach baseline is
scaled differently, the scale factors computed by a numerical procedure
[Robertson, 1975]. It is felt by those involved that this scaling
tends to compensate for unmodelled systematic effects as well as for the
neglected observation correlations. This writer is not aware of any
statistical justification for this scaling.

The results are presented in Tables 4.1 and 4.2. It can be seen
in both tables that the baseline "components" T, € and 0 may differ by
as much as 50 cm from one solution to the next, and in some cases these
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discrepancies do not fall within the astimated ncise levels. Baseline

distance estimates, on the ther hand, are well behaved differing by not

more than 6.6 cm and are within the noise levels, The polar motion
variation parameter estimates, Ac g and Anjy are very erratic, while
Axyg variations are well behaved. Of course, in the three baseline
configuration, the standard devintion estimates are lower than in the
two-baseline combination cases, but not significantly., However, these
differences should become more pronounced as the number of stations is
increased. Finally, there seems tv be little difference compared to
the discrepancies of the weighted mode, some increase and sgome
decrease. Therefore, at least in this experiment, the "weighting" pro-
cedure is ineffective in genzrally redicing the discrepancies.

It is planned to study the effect of including observation cor-
relations using these data sets. It is hoped to be able to reduce the
discrepancies in this manner. However, systematic errors may be & more
important factor in causing these differences than the random nature of
the observations. In order to test whether correlation neglect is sig-
nificant, the simplified model of Section 3.2.6 must be at least
expanded to handle time delays of varying precision. A substantial
reduction in the discrepancies will indicate a good correlation model,
while remaining differences will be due to unmecdelled systematic
effects. The latter need to be reduced by better instrument calipra-

tion and by improved mathematical models.
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APPENDIX A

VLBI COVARIANCE ANALYSIS INTERACTIVE PROGRAM (VIP)

JCL, Explanatory Tables and Figures, Documented Listing

A.l1 Introduction

In this appendix a documented listing of VIP is presented, as
well as the JCL and explanatory tables and figures for the user's ease
of adaptation and operation. The program, written in FORTRAN, must be
loaded with the FORTRAN Library (FORTLIB), the IBM FORTRAN Scientific
Subroutine Package (FORTSSP) and the Tektronix Graphics 2 package
(TXGRAPH2) to achieve 1ts full capability. The FORTSSP is called for
normal matrix inversion (DSINV) and calculation of the normal matrix
elgenvalues (DEIGEN). Thus, any other routine that performs the same
functions may be substituted, though it must be able to handle matrices
whose upper triangular elements are stored in vector format. The
graphics portion of VIP may be skipped so that TXGRAPH2 is optional.
Consequently, the program may be run on any Time Sharing Option (TSO)
compatible interactive terminal, |

YIP is mainly intended as a covariance analysis program as
explained in Chapter 3. However, it is also possible to perform a
standard least squares estimation of the parameters and their standard
deviatioﬁs (a posteriori) but only for simulation purposes. An example

1s given in Appendix B. The program 1is not equipped to handle recal data.
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A.2 Job Control Language (JCL)

All the VIP JCL listed in Figure A.l is given in the form of a
command procedure (CLIST) of the IBM 0S/VS2 TSO Command Language [IBM,
1978]. In this case, the program is stored in a sequential data set
called BOCK.FORT. The CLIST, stored in BOCKLIB.CLIST, allocatea the
necessary files, compiles BOCK,.FORT and loads BOCK.OBJ with
SYS2.TXGRAPH2, SYS1.FORTLIB and SYS2.FORTSSP described earlier. The
contents of each file are listed in Table A.l. The ¢..i.ire procedure is
initiated by the following sequence of commands:

enter: EXEC BOCKLIB.CLIST

terminal response: ENTER POSITIONAL PARAMETERS DSNAME

enter: BOCK, FORT
It may taken from a few seconds up to a few minutes until the program
is compiled and loaded depending on the system status. The first pro-
gram prompt to the user will be

DO YOU WISH TO DRAW MAP?

At the end of the session, the object module, BOCK.OBJ is deleted. The
program (2770 card records) and the other necessary data files occupy

approximately 35 tracks of disk space.
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Table A.l. VIP File Allocation

File No. Content
Format
3 Station file followed by Radio Source file
first record ~-
ellipsoid equatorial radius : . (unformatted)
inverse flattening
for each station record -
station number I2
station name 3A4
latitude (D.M.S.) 13,12,F6.3
longitude (east) (D.M.S.) 14,12,F6.3
ellipsoidal height (m) F10.2
for each source record ~
source number 12
source name 3A4
right ascension (H.M.S.) I13,12,F6.3
declination (D.M.S.) 14,12,F6.3
4 Digitized map coordinates
(optional)
Format: standard digitizer card format
6 points per card (8X, 12F6.3)
5 TSO terminal input file
6 TSO terminal output file
7 Line printer output file (may be VERSATEC)
8 Card punch file (not used in program)
9 Planned observation schedule (filled prior to runm)
(optional)
Format: Source number ~ one per record unformatted -

to be used only for simultaneous observations
from all participating stations at even

intervals of time

or Format:

of time.
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Source number, hour and minute of observation -
one set record unformatted - to be used only
for simultaneous observations from all
participating stations at uneven intervals




Table A.l (continued)

10-15 Simulated observation files - one per baseline - filled in
(optional)order of baseline salection, e.g., 10 -~ first baseline,
11 - second baseline, etc.

Format
each record -
baseline number I5
gource number 15
Format

hour of observation relative to 0h uT I5

of initial day
minute of observation 15
delay (m) (zero if interested in F20.10

covariance analysis only)
delay rate (m/hr) (zero if interested in F20.10

covariance analysis only or delay
observations only)

index - only for nonsimultaneous observa- I2
tions (when not all participating
stations chserve at each epoch)
C - next baseline observation at same epoch
1 - next baseline observation at next epoch

Use these files for the following cases:

when entering observation prior to program run, and/or
when entering a schedule of non-simultaneous observa-~
tion
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A.3 Explanatory Information

Table A.2 provides, for easy reference, an index of the various sub-
routines and their respective purpose. Figvre A.2 1llustrates the flow
of the program and the interconnections among the subroutines,

Table A.3 contains a listing of all data that needs to be
input by the operator at the terminal (and, optiomally, prior to the
program run)., The operator is prompted to supply the information by
messages on the screen. Some of the input may not be requested depending
on the program options as indicated in the table. In Table A.4, the VIP
program options are listed. These are chosen by the operator inter-
actively in response (o pregram prompts.

There are certain program parameters that may need to be modi-
fied depending on the user's needs. These are indicated at the appro-
priate locations in the program and are summarized here. In the main
program, the variables NSTAT and NQUAS refer to the number of stations
and number of sources respectively, stored on file 3 (see Table A.l).
The values specified in the program are 6 and 47 respectively (see VP
112, in the listing). A greater number will necessitate increasing the
dimensions of the appropriate arrays (see VP 520 - VP 980). Remember
that the maximum available storage on TSO is normally 256K (default
value - 192K).

Subroutines ﬁAPDRw and BSLN assume that the coordinates of the
United States are digitized, at a scale of approximately 1 : 10,000,000,
as well as the station locations of Westford, Owens Valley, Goldstone,
Ft. Davis, Greenbank and Richmond. Any deviation from these assumptions

will necessitate minor modifications in these routines (see the listing).
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0f course, the user must supply a set of digitized map coordinates

of his area of interest and may need to redefine the screen and virtual
windows (see VP 1740 -~ VP 1790) to take into account the map scale.
However, the graphics portion of the program is optional so that
digitized map coordinates are not a necessity.

In the interactive mode the user inputs data at the terminal
when prompted to do so by the program. All input is accepted after the
RETURN key is hit. If an error is made before RETURN, simply hit the
BRFAK key and re-enter. If RETURN has been specified, the program will
usually provide additional chances, immediately or at a later stage,
until an acceptable response is made. However, certain erroneous
responses will cause the program to abnormally terminate. Therefore,
it is good practice to examine your responses before hitting RETURN and

to follow directions carefully.
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Table A.2 VIP Subroutine Index

Main Program

MAPDRW
(optional)
BSLN

SIDTIM

GRESID?
JULIA?

STATNS

QUASAR

SIMULT
FLAGS

WEIGHT

PARTDR

AMATR

FAMIR

Purpose

Administers the following:
MAIN 1: Baseline configuration display
MAIN 2: Mutual visibility outliner
MAIN 3: Schedule simulator
MAIN 4: Least squares estimation

Plots digitized map coordinates, station locations and
station symbol selection menu.

Inputs station and baseline selections and displays them
on map.

Inputs time information and outputs ("7 of initial epoch
and chosen interval of olkservations.

Calculates GST of initial epoch.
Converta Universal Time to Julian date.

Inputs station information and computes baseline coordi-
nate differences and baseline lengths.

Sources are displayed and selected. Computes mutual
visibility matrix® (optional).

Simulates cbiervations for chosen schedules.
Inputs experiment flags.

Inputs observation weighting information and computes
weight matrix of observables.

Calculates partial derivatives of observables with respect
to parameters.

Fills design matrix (A) with calculated partial deriva-
tives for delay and combination of delay and delay rate
observations.

Fills design matrix (A) with calculated partial deriva-
tives for delay rate observations,

lAdapted from [Dermanis, 1977].

82




Table A.2 (Continued)

P
|
tf Name

FILL

SOLVE

STDLST

DEGMS

MATPV

T T T e

LOC

FRAME
UNITS
RECT
EQUITR

CIRCLE

Purpose

Fills normal matrix (ATPA) and U matrix (A?PL) sequen~
tially.

Computes variance-covariance matrix of parameters
(a priori and a posteriori), parameter correlation matrix
and normal matrix eigenvalues,
Computes and outputs estimated standard deviations of
parameters (a priori and a posteriori) and outputs cor-
rections to approximate parameters.

AUXILIARY ROUTINES
Converts angle in degrees, minutes, seconds, to radians,

Mrforms opposite function of RAD.

Performs matrix multiplication for matrices stored in
general or triangular storage.

IBM SSP routine-matrix storage manipulator.
PLOTTING ROUTINES

Frames a screen window,

Converts centimeters to virtual coordinates.

Plots a square.

Plots an equilateral triangle.

Plots a circle.

TR e
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MAIN
FRAME
{ MAPDIW & —1 unrTs
MAIN 1
. - B RECT J
BSLN —
\ EQUITR
CIRCLE
SIDTM I ~—{ GRESID JULIA
\ "~ o
MAIN 2 ——{ STATNS X DEGMS
QUASAR | — | RAD
‘ oiabre ¢ S g ety e
MAIN 3 SIMULT
FLAGS e
,,,,,,,,,,,,, L0C
WEIGHT - .
: DSINV
PARTDR
| FAMTR
— ]
AMATR MATPV
————— _ ~‘—4-——-v—-—-1~—-1
FILL STDLST
- ~ T —
SOLVE -+ --{ DEIGEN
*ssp

Figure A.2 Program flow.
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Table A.3. VIP Input Parameters

Variable Name

IN
TNB
187!
NEX

Symbol Selection®

IYFAR, IMO, IDAY
THOUR, IMIN, SEC

JYEAR, JMO, JDAY
JHOUR, JMIN, SECJ
IQUAS!

ZNTMAX?

IPFIX

I64T

SFNC!
?Mx‘ , 2
PMY‘ ’ 2

pMzt*?
DT

IFILE?

Description Subroutine
Number of stations BSLN

Number of baselines

Station selection

Experiment number

Operator moves cursor to choose station
symbol.

Initial epoch of observations (UT) SIDTM

Final epoch of observations (UT)

Chosen source numbers QUASAR
Maximum source zenith distance

Reference right ascension source number

Number of steps for earth orientation MAIN 3
Final epochs of earth orientazion steps
Approximate step values - ‘irst SIMULT
component of polar motion 'E)

Approximate step values second
component of polar motion (n)

Approximate step values (UTC-UT1)
Time interval between observations

Storage files for observations - one (or MAIN 3)
per baseline
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Table A.3 (Continued)

!sriuggc Nama
K!

K, IHOUR ,MIN?
FLAG1, FLAG2
FLAG3, ¥LAG4
SIG1

8162

p1?

K

or

K, THOUR, MIN

NB, IP, IHOUR,
IMIN, ps?,
FRNG®, IEND?

Description Subroutine

Scheduled Observations ~ source number
(when DT is specified)

Scheduled observations ~ source number,

hour (relative to initial epoch), minute
(when DT not specified)

Program flags (see Table A.4 for details) FLAGS

Delay standard error (m) WEIGHT
Delay rate standard error (m/hr)

Covariance matrix of obsgervations ~

upper triangular and diagonal elements

scaled to unity (one N x N block ~ see
Section 3,2.6)

Prior to Program Run®

Source number - see Table A.l, file 9 for details

Source number, hour and minute of observation

Baseline number, source number, hour of observation
(UT), minute of observatioa, delay, delay rate, end
of observacion index ~ see Table A.1, files 10~15
for details

"Aree o,

‘Optional.

JMay be set to zero for covariance analysis.
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{8pecified by User Interactively)

j Table A.4., VIP Program Options

Variable Option Subroutine

E MAP = 0 Baseline configuration map is not displayed - MAINL
| subroutine MAPDRW is skipped - graphics
’ display terminal not required - file 4 ig empty

MAP = 1 Digitized map coordinates from file 4 are 1
plotted on graphics screen + baseline configura- |

tion - option to terminate program if only map i

;

!

visibility matrix by specifying last source on
1ist as last chosen source -~ may terminate
program at this point if only visibility matrix

L 18 desired
i GG = YES' Change time input from previous run MAIN2
GG = NO Keep same time input as in previous run
D
i IFY = 0 Skip source mutual visibility outliner - choose  QUASAR
, sources directly
; IFY = 1 Compute visibility matrix ~ pletted source by
| source on screen until specified number of
; sources chosen ~ can generate complete 1
b

is desired 1
FG = XESl Keep same earth orientation step input from MAIN3 ;
previous run
FG = X0 Change earth orientation step input

GG = XES Skip subroutine SIMULT -~ store schedule inror- MAIN3
mation (and optional observations) on files
10-15 prior to progran run (see Table A.1l) - one
baseline per file

GG = X0 Call subroutine SIMULT - either store schedule
information on file 9 previous to run or input
schedule interactively (see Table A.l)

IFLAG = 1 Enter observation schedule at terminal SIMULT

IFLAG = 2 Input cobservation schedule from file 9

DT = O Time Interval between observations 1is variable SIMULT
DT = X Time interval hetween observatlons is X minutes i
' IPASS = 0 Ohservations scheduled ever DT minutes. SIMULT j

TPASS = 1 Observations scheduled at uneven intervals
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Table A.4 (Continued)

o Variable

IFRNG = 0

) 101 - 0

ISIM = 1

FLAG1
FLAG1
FLAG1

FLAG2

FLAG2

FLAG3
FLAG3

FLAG4
FLAGA

ICODE
ICODE
ICODE
ICODE

FLAG2 =

FG = XO

GG = XES
GG = XO

TFING = 1

FG = XES!
FG = X0

N = W N =

W

1
2
1
2

FG = XES®

WM

Onticn

el e )

Simulate delay observations only
Simulace delay rate observations, too

All observations are performed simultaneously
from all participating stations

Opposite of ISIM = 0, when mutual visibility
makes observations from all stations at a parti-
cular epoch impossible

Keep same flag input as in previous run
Reinitialize program flags

Delay observations only
Delay + delay rate observations

Delay rate only

Multi-baseline configuraiion

One haseline -~ estimate first component
of polar motion variations (&)

One baseline - estimate second component
of polar motion variations (n)

Covariance analysis only
Complete least squares estimation

Estimate all parameters
Delete clock parameters from parameter list

Keep same observationweight Iinput as in previous
run

Input new observation weight data

Rerun program with new data input (see ICODE)
Terminate session

Change station input (but not source}
Change source input data (but not station)
Change both station and source input data

Change other imput data (but not sourceor gtation)

Subrovcine

SIMULT

MAIN4

MAIN

FLAGS

FLAGS

FLAGS

FLAGS

MAIN4

MAIN4

MAIN4

-

lFor prugram rerun only
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A.4 VIP Documented Listing

Most of the information presented in the tables and figures are

also described in the program documentation. The VIP documentation con-

sists of a heading at the beginning of each subroutine and other commeut

cards interspersed throughout the program for added detail. Each

heading includes the following information when relevant:

1.

2.

Subroutine function (title)

INPUT parameters ~ passes to the routine through the parameter
list or via common blocks

READ parameters - read within the subroutine using file number 5
WRITE parameters - written from within subroutine using file
aumber 6 or 7

OUTPUT parameters -~ output for use in other parts of program

by the parameter list or via common blocks

OPTIONS -~ subroutine options

SUBROUTINES ~ called by routine

is listed on the following pages.
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VIP ~ A VLBI INTERACTIVE PROGRAM

4%  PURPOSE t TO AID IN THE SIMULATION AND DESIGN OF VLBI

ok
E3

EXPERINENDS.

sk DESCRIPTION : VIP IS INTENDED PRIMARILY AS A MULTI-
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OPTIONAL COVARIANCE ANALYSIS PROCRAM ALTHOUGH 1T
IS POSSIBLE TO PERFORM A LEAST SQUARES ADJUSTMENT
ON SIMULATED DATA. TIE PARAMETENR SET 1TRCLUDES
BASKLINE. VECTOR PARAMNFTERS, VARTATIONS IN POLAR MOTION
AND FARTH ROTATION AVERAGED OVER EANTH ORIENTAYION
STEPS, SOURCE PARANETERS AND CLOCK PARAMETERS (SEE
CHAPTFR 3 FOR AN EXPLANATION OF 'THE ESTIMABLE PARA-
METER SET) ., 'vifE ANALYSIS i'AY INCLUDE DELAY AND/OR
DELAY RATE OBSERVATIONS,

VIP IS RUN IN THE INTERACTIVE MODE ON ANY
TS0 COMPATIBLE INTERACTIVE TERMINAL ALTHOUGH Tk
OPTIONAL CRAPHICS CAPARILITIES ARE DESICNED FOR
TRKTRONIX TERMINALS (E.G.TEKITRONIX 4012), IN THIS MODE
THE USER 1S ABLE 10 S1NULATE AN EXPERIMENT, VIEW THE
RESULTS TN REAL TIME AND RERUN THROUGH THE PROGRAM
WITH THE QPTION OF CHANGING ANY OR ALL OF 'THE PREVIOUS
INPUT PARANETERS THIS PROCESS MAY BE REPBATED AS MANY
TIMES AS DESTRED WITH ONF LOADING OF THE PROGRAM. VIP
PROVIDES EASE OF OPERATION AS WELL AS SAVINGS IN UiME
AND GOST RELATIVE TO THE BATCH MODE. VIP NUST BF
LOADED WITH FORTLIB,FORTSAP AND TXGRAPH2.
ViP* IS DIVIDED INTO POUR SECTIONS

1. BASKLINE CONFIGURATION DISPLAY
2, MUTUAL VISIDILITY OUTLINER

3. SCHEDULE STMULATOR

4. LEAST SQUARES ESTIMATION

WRITTER BY YEXUDA BOCK DEPT GEODETIC SCIENCE 1979

*
SRR N AR R AN AR R R R A A TR A RS SRS SRS S SR SRR R R RS R SRBR AR AR N o

MAIN PROGCRAM

ot ot et gt kot

0+ vt o et st

IMPLICIT REALEB(A~H, 0~-7)
REAL®4 XX, YY, ARAY
INTLROVIRS  INDEX

INTRECER
l‘lAX l Ny ﬂ
.é ' l"

3., 4
4‘5 "

‘PNB, FLAGT, FLAG2, FLAGS , FLAGY

NUMBER OF PARAMETERS ALLOWED BY DIMENSIONS
» BARELINES

QUASARS

BEARTH ORI ENTATION STEPS

CLOCK RATE PARAMETERS

6 CLOCK OFFsiy PARAMETENS
'rm- "POTAL NUNRER OF PARAMETERS SHOULD NOT EXCEED 62
INCREASE DIMENSIONS FOR A LARGER PARAMETER SET
NOTE: MAXINMUM STORAGE AVAILABLE ON TWO-2066K

ARRAY
ARAY

XX, YY
I8, 08, IS8T

FUNCTION SUBROUTINES
TRERMINAL STATUS ARRAY MAPDRY, BSLN
DIGITIZED MAP COORDINATES MAPDIW, DSLN
INDICES FOR CHOSEN STATIONS RSLN, STATNS
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[vizlvirivivivivisirivivrivicirivivividvivieiviola]

QG aOaaon GH

o]

]

sanacanecan Go

X, Y, Z

LAY AN
DIST

X¢, YU, 20
XTP, VTP, 2TP
RAR, DECR
K1, 12, B
EYEPR

LRDEX

1QUAS

IFILE

I‘EK. PMY, PN/

A

P, reLes
PART, G
AM, AC
e

W
U

NA

B, DM, FM
conn
SENG

PIMLENSION RACL2),

1), X(6),

Yi6),

CAITES 1AN STATION COORDINATEN STATNS
STATION UNIT VECTOR COMPONFNTS STATNS
BASEL INE DISTANCES STAINS, SOLVE
BASELAINE COORDINATE DIFFERENCES NTATNS, 8 INULT, PART
CHOSEN STATION UNI'T VECTOR COMPON. STATNS,QUASAR
QUASAN COORDINATES ON FILL QUARAR
QUASAR UNL'T VECTOR COMPONENIS QUASAR
TITLE FOR OBSERVABILITY OUTLINER  QUASAR
OBRSERVARILITY MATRIX QUAS AN
INDICES FOR CHOSEN QUASARS QUASAR
CHOSEN QUASAR COORDINATES QUASAR, SIMULT, PART
OQUTIUT FILKS FOR OUSERVALI'LONS sS1MULT
APPROX VALURS FARTH ORIFNTATION SIMULT
MISCLOSURE VECTOR PARTDR, FILL
WELGIT MATRIX MANIPULATORS WELIGHT, FLLL
PARTTAL. DERIVATIVES DELAY & RATE  PARTDR, AMATR
DESIGN MATRIX MANIPULATORS AMATR, F1LL
WORK MATIIX (BG=ATP) FILL
NORMAL. MATRIX AND I'TS INVERSE FILL, SOLVE
U= ATPA VECTOR I1LL, SOLVE
COINMBCTIONS TO APPROX PARAMITERS  SOLVE
PROPAGATION OF BASELINE DISTANCE  SOLVE
COMRBELATION MATRIX MANIIULATION SOLVE
STEE FINAL VPOCHS MAING
DC12), KEEPC24), 1QUARCLZ), INDEX(6,24), ARAY(6Q
Z00), TR(6Y, IR(H), IST(6), IPILE(G) . RAR(4?), DECR
2(47), EI(47), E2047T), ES(AT), KI'(6), YI(o), ZT(6), DPMX(4, PMY(4),

8 I'M44), XGL6),
4TI, GOI),

5YTR(6) ,
042) ,

ITR(G) ,
ALC12),

YG(6), Z6(0),
AMCI24) , CORR(GLRY,
ACC744} , DO(744) ,
SENGH)

BO108Y ,

DIST(H), W03, U(6d),
DH(36) |
prdy, PR,

FM(108) ,
XX(6),

RAC62), PAR
XTP(6) ,
YY(6), 11¢

COMMON ~/DRAWL/ EXA/DIAWZ/YX/DRAWSARAYACRD L/ X1 CROZ/ YIP/7CRIZZTE /0
TR RG/CRIGZYC/CRDOAZC/TTMEZ TMO, TDAY, TYRARZDEXTZ IR/DEXR/IS/DEX3/ IS
21/DEX4 NEX/SOUL-RA-SOUR/D-FLG-FLAGI , FLAG2 , FLAG3 , FLAGA/PDR1~PARTAP'D
SRL/G-ATIX, AN/ NI WAUTINNA U B8 END , KK

DEFINE TERMINAL BESPONSES

DATA XU, XS, XUIM, X1LEZ RO, YRS, " TERM® , "FILE'/

DEFINE PROCRAM CONSTANTS

NSTAT ~ TOTAL NUNBER OF STATIONS ON FILE (CHANGE IF NECESSARY)

NQUAS - NUMBER OF QUASARS ON FILE (CHANGE IF NECESSARY)

IF INCREASING NSTAT ANDZOR NQUAN CHANGE APLROFIIATE DEMENS JONS

DATA NSTA'T/67, NQUAR/ 47~/
CONV ~ CONVERSION FACTOR UNIVERSAL TO SIDEREAL TIME
ERAD — APPROXIMATLI BAWTIL RADIUS

€ = THR SPERD OF LIGHT IN METERS/NSEC
DATA CONV/1,002737909263D8, ERAD-6U7 1000, D0/, G0, 299710/
Plzd, DOXDATANA 1. DY)

RO ¢

CALL RAD (0,0,1.0,P,PD)
RO= 1. DO-DSINCT)

OMEGA 18 THE ROTATION RATE OF THE EARTH IN RADIANS/HOUR
OMG=1* 1%CONV~ 12, DO

INITIALIZE TERMINAL CONTROL SYSTEM
CALL INITLT Ct20)

MAINI

t BASELINE CONFIGURATION DISPLAY

0 at e 0 Yo b B (B A B S s AL N B R Do G0 P i A ol e I o I B i, VS it s 9000 S 0 O ok Bl

CONVERSTON IPACTOR FROM RADIANS TOQ SECONDS OF ARC

cagacoccocecaccoaceescecaicocaaecacoaacactaoceoeecoiaecounocaeosece

CHOOSE. PARTICIPATING STATIONS ARD PROVIDE
CRAPHICAL DISPLAY (MAIY) OF BACH LXPLILMIENT,
MAP IS OPTIONAL SO THAT THIR SFCTION MAY

PURPOSE
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R TR

C BE. RUN ON 4NY INTERACTIVE ﬂ(‘RF‘FN OR TFRMINAL VP 15350
[¥] AT IRCC AND NOT NECESSARILY A TERMINAL WI'TH VP 1360
¢ GRAPHICS CAPADILITY. VP 1870
[ OPTION T0 'I‘F‘RMINA'I’F PROGRAM AT END OF SECTION VP 1380
C WHEN MAP DISPLAY IS ONLY DESIRED OBJECTIVE, VP 1890
‘q SEL INDIVIDUAL SUBROUTINES FOR MORE INFO. 8; ::?3
g CALLS SUBROUTINES MAPDIRW, BSLN :/,:; {—:ég
((5 CCCCacicCociiocoreceoeeeeceooceececeeecoacaeoecacoeceeeeecesceeceee :’I}: ::gg
C ICODE=0 DENOTES INI'TIAL PROGRAM RUN (OTHFR 1CODES ARE PROGRAM VP 1460
C RERUN OPTIONS -~ EXPLAINED AT END OF MAIN PROGRAM) VP 1470
LCODE=O VP 14860
¢ VP 1490
c OPTION : MAP=0,MAP 18 NOT DRAWN VI* 1500
C MAP=1,MAP 1S DRAWN VP 151e
1 MAP=0 VP 1820
G ERASE SCREEN Vi 1530
GALL BRASYE VP 18540
(M MOVFE. CURSOR TO UPPER LEFT-HAND CORNER OF SCREEN VP 1560
CALL 1IOME VP 16560
M SAVE CORRENT STATUS OF TERMINAL CONTROL. ARFA VP 1870
CALL SVSTAT (ARAY) VP 1500
[ SWITCH 10 ALPHANUMEINLC NODL VP 1396
CALL ARMODE VP 1600
2 WRITE (6,3) v Vi 1610
H 'ORNAYT (° DO YOU WISH TO DRAW MAP') VP 1620
RFEAD (5.,4) F VP 1630
IF(E, NE, XES, AND, F, NE.X0) GO TO 2 VI' 1640
4 FORMA'T (Ad) VP 1650
CALL ERASE VP 1660
CALL 1OMIS V' 1670
TP RQ.XOY GO 10 B VP 1680
C FILE 4 CONTAINS DIGIT!ZED MAP COORDINATES~MAY BE EMPTY IF MAP=0 vI* 1690
[F lbonh NELO) REWIND 4 Ve 1700
MAR= VP 1716
C VIP 174
CALL RESTAT (ARAY) Vit 1730
[ DEFINE SCHEEN AND VIRTUAL WINDOWS VP 1740
CALL SWINDO (300.»00. 2o, 505) vi* 1750
%} VIRTUAL MAEPS 10 SCREREN lN 2:1 RATIO ~ DIGITIZED MAP TO SCREEN VP 1760
¢ SCALFE. CAN DE CHANGED TO SUIT PARTICULAR MAP SO IT FALLS IN VP 1770
C SCREEN WINDOW DY SULTABLE CHOLICE Of VIIVI'VAL WINDOW Vi 1780
CALL VWINDO (0.0,1320.,6.0,1010.) VP 1790
C VI' 1600
(] CALL MAP HANDLISR VP 1810
CALL MAPDRW (NSTAT) VP 1820
(] v 1830
G CALL DBASELINE ANDLER VP 1844
3 CALL BSIN CIN,MAP,NSTAT, ICODE) VP 1860
Cc VI 1460
CALL ERASE VP 1870
CALL HOME VP 1000
CALL ANMOIM: Vi 1890
6 WRITE (6,7) VP 1900
K FORMAT (' DO YOU WISHM TO RUN OR RE-RUN MAP DRAWING SESSION'/' ve {910
1O STATION AND UDASELINE SELECTION') VP 1920
READ (0,4) GG VP 19830
IF(GG.NL‘..XI'S AND,GG,.NE.X0) GO 'TO ¢ vIP 1940
(GG, KR, X0 GO 10 B VP 1950
CALL FRASE VP 1960
REWIND 4 vir 1970
GO ' ) VP 19§60
[ VP {990
4] WRI'TE (6,9) VP 2000
9 FORMAT ¢* DO YOU WISH TO TERMINATE, SESSIONY) VP 2010
READ (5,4) GG VP 2020
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TF(GG.NFL RES. ARD.GG.NF.XO) G0.T0 8 VP 2030
IF(GG.EQ. XES) GO TO 76 vt 2040
G VP 2000
C MAIN2 : MUTUAL VISIBILI'I‘Y OUTLINER VP 2060
C - e v 2070
C VP 2080
g CCCCCCCCCCCCCCCCCCCCCCCChCCCCCChCCChCCChCCCCChiCecCCearuceceeacote \VI}’ '2‘.0‘)0
' 2100
C PURPOSE : INPUT PARAMFITERS FOR CALCULATION OF MUTUAL VP 21160
C VISIBILITY OF QUASAR FROM ALL PARTICIPATING VP 2120
G STATIONS, VISIBILITY MATRIX OPTIONAL BUT INPUT ve 21490
( PARAMETFERS NECFSSARY FOR REMAINDER OF RUN. VP 2140
C IF VISIBILITY MATRIX THE ONLY OBJECTIVE TUERE Ve 2100
(¥ 18 OP'TION OF TERMINATING PROCRAM. VP 2160
(c‘. SEE INDIVIDUAL SUBROUTINES FOR MORE INFO. 8[‘ .“%130
© 2180
g CALLS SUBROUTINES SIDTHM, STATNS, QUASAR 8{: ?’égg
g CCCCUCacallouLllcteciiecliciltuiatilluLLutuiiieecceteucaceceea 3}; };gég
CALL ERASE Ve 22ie
CALL HoMu v 22460
CALL ANMODY, VP 2260
¢ Vi 2260
(¥ OI"T'1ON ‘1O RETAIN SAME 'l‘lME INPUT FOR PROCRAM RE-RUN VP 2870
IFCICONE. FQ.0) GO TO VP 2280
10 WRITE (6,11) vir 2uo
11 FORMAT (° DO YOU WISH TO CHANGE INTERVAL OF ORSERVATIONS®) P 2800
READ (0,4) GG VP 2810
IF(GG, NE, XER, AND, GG. NE. X0) GO 10 ¢ VIr 2826
IF(GC. FQ, X)) GO 'TO 13 VP 203360
c CALL TIME HANDLER vI* 2840
12 CALL SIDITM (1o, 11, 11) Ve 2U5e
C VP 28360
C CALL STATION HANDLER v 2079
Plil CALL STAITNS (X, Y,Z, X, YL, 27, DIST, 'Y, l(..ODE. NSTAT) 3;; gggg
c OPTION 'I‘O SKIP QUASAR SELECTION FOR PROGRAM RE-RUN viF 2400 ¢
LE( LCODE, Q. 1) GO 10 16 Ve 2410
14 CALI. FRASF. Ve 2420
CALL OME V' 2440
G VP 2440
C GALL QUASAR HANDLER v 24560
CALL QUASAR (X0, DUCR, RAR, 151, 162, BB, OMG, 'L, 1QUAN, KELP, INDEX, FCODE, IM VP 2460
a 1, IPFIX, NQUAS, THO, T, IN) VP 247
v a0
G OFTLON 10 TERAINATE SESSION 1F ONLY INTERESTED VP 2490
G IN VISIRILUTY OUTLINER VP 28500
15 WRITE (6,9) vir 2510
READ (5,4) GG VP 2020
IF(GG.NE. XFS, AND. GG NE.XO) GO TO 18 VP 2830
IF(GG, EQ, XES) 60 10 76 Vi 3040
G VP 20080
C MAING @ S(‘I{FDULE SIMULATION Ve 2860
O e i e e Ve abe
[y VP 2880
E CCelaceoccoaeccoococoeeccaoecoeeeerccaoocecceccoacccocacceceaaceceea z%: gbgg
1 ‘ 6
( PURPOSE : STMULATE CHOSEN VLRI ORSERVATION SCGHEDULES VP 2610 '
G TIME DELAY AND-OR TIME DELAY RATES MAY BE SIMULATED VI 2nle 7
¢ VARIOUS OPTIONS AVAILABLE- SEE SUBROUTINE VP 2640
[ STMULT FOR DETAILS., OPTION TO SKIP ODSERVATION VP 2640
G SIMULATION IF WORKING WITH SIMULATED DATA - IN THAY VI’ 2600
g CASE OUSERVATION FILES FILLED PRIOR TO RUN. 3{: %2?'3
G INPUT $OASTE  » NIEPS EARTH ORIENTATION STEEP FUNCTION Ve 26b0
G SFNC  FINAL FPOCHS OF FARTH ORIENTATION STEPS VP 2690
c Vi 2700
3
%
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WRITE ¢ ISTT,SFNC
CALLS SUBRUUTINE SIMULY
CCCCOCCCooooeceaecceiecceraecoococaecocceceacecceeeececeeueeeeeacece

CALL FRASFE
CALL TIOME
CALL ANMODE

OPTION 10 SKIP STEP IN'UT - FOR PROGRAM RE-RUN
IFCICODE. RQL0) GO TO 20

WRITE (6, 18)

FORMA®' ¢' DO YOU WISH TO SKIP STEP INPFUY?!)
READ (5.,4) FG

IF(FG.NE, XES, AND. FG.NE, K& G T0 (7

PG, B, X0 GO 1O 20

WRITE (7,19)

FORMAT C till)

GO TO 27

\bﬂll‘lljll :’?Tl?l‘? AND FINAL EPrOCHS FOR BARTR ORIENTATION STEP FUNCTION
TE (6,21

CHANGE FORMAT IF MAXIMUM STEP ~(4) IIAS BEEN INCREASED

FORMAT (7, ' ENTEI #8TEPS FOR BARTH ORIENTATION',/,* MAXIMUM NUMBER
1 OF BTEPS I8 4°)

READ (5,%) ISTT

CHANGE, 11° MAXINUM STEP #(4) HAS BEEN INCREASED

TFCISTT.GT. 4) GO TO 20

WRITLE (6,23)

FORMATYT (7, ENTER END OF STEP FEPOCH FOR FACH STEP*/,* FORMAT : HOU
IR,MINUTE (INTEGERS)'/,' PRESS RETURN THEN ENTER NEXT FINAL EPOCH
%"‘/il"mlgﬁ'l'lj‘.‘l; l)lUUll RELATIVE 10 INFUIAL Eprocnw’ /7, (MAY BE GREATE
4, Y by g L

WRITE «7,28) ISTT
'g?mm‘ € 1L, 8X, " NUMBER STEPS FOR EARTH ORIENTATION PARAMETERS =° |

WRITE (7,24)

ropmat /7, 0%, ' STEP FINAL EFOGHS ~ LNLATIVE 10 INITIAL EPOCH')
DO 26 T=1,ISTT

READ (6,%) I1HOUR, IMIN

WRETYE, ¢7,28) 1, IHOUR, IMIN

FORMAT ¢/, 10X, 'STEP »', 124X, 13,2X, 'HOURS', 58X, I3, 2X, 'MINUTES')
E‘l"g(l}([ PI{:J;: DELOAT( LIOUR) + I MIN/GO DO

V( "0t ‘\‘

gﬁ'}'{gu( 'l‘()ngg(ll' SCHEDULE SIMULATION
TR 1) §
l}"ORf)lRTN (,' )DO YOU WISH TO SKIP SCHEDULE SIMULATION ¢ '/ ANSWER Y
s (L
READ (§.4) GG
IF(GG, Nli. XES, AND, GG, NE. X0) GO 'O 27
GG FQ. XES) GO 'O 29

CALL SCHLEDULY 8 IMULATOR
CALL SIMULY (XERM, XILE, XES, FRAD, PHX, PMY, PMZ, OMG, TF, THO, IFILE, ISTT,
I(S;SN%}ISO’DE. CONV)

WRITE (6,3
‘1-*0.|'t{’1A'%‘“g; L.N'l‘l I QUSERVATION FILE NUMBERS'/* AVAILABLE FILE NUMBERS
}}}%Ag'(li’. ﬂ()'l‘( l‘l"ILE(J) yJd= 1, TND)

1F( lFli.F’(J) LT. 10,01, IFILE(J) .GT. 1§} GO TO 29

CONT INULK

IFCICODE, Q. 0) GO 1O Q4
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REWIND OBSFRVATION FILES IF RE-RUNNING PROGRAM
DO 43 I=1,TND

RUM= L NS U

REWIND NUM

CONTINUE

MAIN4 ¢ LEAST SQUARES ESTIMATION HANDLER

> - o S S b o s o Yo s W e e W e A i 00 AP o 0 W S S ) 0 N B0 S L i o B . R

(LCCCCCCCeLeoreeoeeceecceccceccocaeccoeceeaceaeaeaecececocceceeccee

PURPOSE : A) COHMPUTES NUMBER OF PARAMETERS FOR ADJUSTMENT
B) ZEROS OUT WORK VECTORS
€)  INPUTS OBSERVATIONS FROM STORACGE FILES
D) CALLS LEAST SQUARES ROUTINES
1) PRESENTS FROGRAM RERUN OP'I'IONS

CALLS SUBROUTINES FLAGS,WYEIGHT, PARTDR, FAMTR,
AMA'ER, 1'1LL, SOLVE

CCCCLLCLCCOOOeeceaaaaceceeatoeacoeicccaiaieccecaececaieeaccecocecec

CALL, FRARFE
ALL TOME
CALL ANMNODE

SINULTANLOUS ODSERVATIONS FROM ALL STATIONS OI'f'ION
ISIM=0  : SIMULTANEOUS ORSERVATIONS
ISIM=1 : NON-SIMULTANEOUS

181M=0

WRITE (6, 36)

FORMAT (' ARE ALL STATIONS INVOLVED AT EACH EPOCH OF OBSERVATION') VP §7oe

READ (0,4) ¢
IFCFG, NE. XES, AND. PG, NE. X0) GO TO 38
IFUFG EQ. X0 1S1M= 1

OPTION TO SKIP FLAG HANDLER ~ FOR PROGRAM RERUN
IFCICODE, EQ.9) GO 'TO &

WIKITE (6, 38)

FORMAT (' DO YOU WISH TO SKIP FLAG HANDLER')
READ (5,40 I¢

TRCRG. NEL XES, AND. FGLNE.XO) GO T0 87
IF(FG, EQ, XES) GO TO 40

CALL PROGRAM FILAGS HANDLER
CALL FLAGS (JK)

OPTION TO SKIP WEIGHT HANDLER ~ FOR PROGRAM RERUN
IFC1CODE. EQ.0) ¢0 10 48

WRITE (6,-42)

FORMAT (' DO YOU WISH TO SKIP WEIGHT HANDLER')
READ (5,4) I'G

IFCFG. N RESANDLFCLONE XD GO TO 41

IF(FG. EQ, XES) GO TO 44

CALL. ORSERVATION WEIGHT HANDLER
CALL WEIGNT (P,DPDB,8I1G,I'D)

COMPUTFE. THF. NUMBFR OF PARAMETFRS TO BE ADJUSTED
KK IS ‘IME NUMBER 0F PARAMETLIRS

KRG8 TNB4 2% T M+ JRY X CISTI~ 1) - }

IF DELAY RATES ONLY CHANGE NUMBER OF PARAMETERS
IFCFLAGL, K@, 3)  KK= BN TND+2¥ LM+ (U=-JK) XIS~ 1) -2

IF NO CLOCK PARANETERS CHRANCGE NUMBER OF PARAMETERS
IFCFLAGL NE. 8, AND. FLAGY, EQ, 2) KK=KK~2%TNB

HCFLAGT, EQ, 8, AND, FLAGE, KQ, 2) KK=KK-'I'NB
KIGi2e KKx2
K2z KKon ( KK+ 1) 72

935

VP 3390
Ve U400
VP (410
VP 420
VI U440
VP 3440
vr 3480
VP 34660
VP 3470
v U489
VP 34960
VP 3500
vi* 4510
VP 3520 -
VP 3530

VP 3544
VP 3860
VP 4560
ve 407e
VP 33580
VI 4890
VP 4600
VP {610
v d6de
VP 3630
VP 3640
\viP dele
VP 3660
VP geve
VI Jaiio
VP 3690

VP 4710
VP 4720 .
VI 3750 :
VP 3740
VP 3750
VI 4760
VP 3770
VP 4700
Ve 87946
VP 3800
VI 3010
VP 9820
VP 3830
VI 3840
VP 3800
VP 3060
vt 3870
VP 3600
VP 3090
Vi 4900
VP 1910 |
VI 3920 g
VP 49ie 1
VP 3940 e
vI' 3950
VP 1960
VP 3970
Ve U900
VP 3990
VP 4000
VI 4010
VP 4020
VI 4030
VP 4046
VP 4050
VI' 4060
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KS= KK
IF(FLAG1,EQ, 2) KS»KK2

7ERO OUT WORK VECTORS
PO 45 J=f,K2
W(J)=0. 0
CONTINUE

DO 46 J=(,KK
U1 =0, NO
XACH =0, D0
CONTINUE

no 47 1=1,KK2
AMCI)=0,D0

PO 48 J=1,10
ALLD =0, DO
GLJY=0,.D0
PARTC)) =0, 19
VIPViz0.,.D0
1COUNT=Q
1FND=0

L#1

IV(TCOPE.TQ.4) GO TO 81

WRITE (7,49)

FORMAT ¢ 111, 12X, " OBSERVATION SCHEDULE'/)

WRITE (7,50) 1,

FORMAT (/ ‘iX"B'lLl‘ ' 12/6X, ' DSLN' , 1x.'uuns'.zx.'mv 2X, 'HIN' , 0X, "
IDELAY (M) 'L DX, ' DELAY RATE (M/HR) *

INPT OBSERVATIONS
I. : BASELINE COUNTER
Ly : EARTH ORIENTATION STEP NUMBER COUNTER
=
1J= LI+
UPDATE END OF STEP EPOCH
ST=SENGE 1)
IFCIJ.OT, 1) GO TO 6
}‘\{'ill\\ll)l}_!l'}:frH\'h)\l‘sz-—BA&bLlNL BY DASELINE,EIOCH BY EPOCH
NB : BASELINE NUMBER
1P 1 QUASAR NUMDBER
THOUR, TMIN ¢ EPOCH OF OBSERVATION
DS : DELAY OBSERVABLE (PATH DIFFERENCE)
FIRNG ¢ DELAY RATE OBSERVALLE  PATH DIFFERENCE RATE)
IFCISTM,. EQ. 1) GO TO B3
READ (NUM, 54, END=69) NB, IF, IHOUR, IMIN, DS, FRNG
FORMAT (415, 2120, 10)
GO TO 57
1KND ¢ END OF EPOCH INDEX (NON-SIMULTANEOUS OBSERVATIONS)
RIEAD (NUM, 56, END=69) NB, 1P, THOUR, IMIN, DS, FRNG, TKND
FORMAT (413,2F20, 10, 12)
INCHEASE ODSEUVATION COUNTER BY 1
ICOUNT= TCOUNT |
TK#* DFLOAT( IHOUR) + IMIN/60., DO
IFCLCOBE, EQ,4) €O '10 60
IFCTR, LE. ST G0 TO 58
1JK=1J« 1
WILIPE (7,50) LJIK
WRITE (7.09) NB,IP, mmm. IMIN, DS, FRNG
FORMAT C(4X, 418, 21'20, 10)
UPDATE STEP NUMBER IF NECKSSARY
IFCTK, CT.ST) GO TO 82

CALCULATE PARTIAL DRRIVATIVES FOR PRESENT ORSFERVATION
CALL PARTDR (IP,TK,XC(NB),YC(NB),ZC(NB),'ITIO, OMG,C, 0O, DS, FRNG.CONV.
LERAD, AL, JK, 1J, NID)

FILL DESIGN MAIRIX WITH PRESENT ODSERVATION PAINIIALS
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IF(FLAGI.NF.8) GO TO 62
FILL DELAY RATE DESLGN MATRIX
‘ALI, FAMTR (NB, 1P, IM, L), ISTT, JK, IPFIX)

0 TO 60
l' ILL DELAY OR DELAY=-DELAY NA'TE DESN:N MATRIX
CALL. AMATR (NR,IP, IM, 1J, ISTT,JK, IPFIX
DO 64 1Z=1,K8
FILL PRESE N'l' u'm.n PORTION OF *A* MATRIX WITH ONE BASELIN
CONTRIBUTION AT A TIME
JZ= (NB~ () kKS+1Z
ACCJZ) = ANC 1Z)
CONTINUFE,
DO 60 KN=i,KK2
AMCKN) 0. D0

CHECK FOR NEXT EPQOCH OF OBSERVATLION
IFCIEND.EQ. 1) GO TO 66

LeL+t

IFCLL LETNS) GO 'O 53

EEIINI'I‘IAI JZE BASFLINE COUNTER

ADD CONTRIBUTION OF AN EI’OCII OF OBSERVATIONS TO NORMAL MATRIX
CALL FILL (AC,P,VII'VL, AL, BC

KZ=TNIXKK

DO 67 KN=1,KZ

AC(KN) =0, DO

No 68 KN= 1y .TNB

AL(KN)=0.D

%gﬂ %:(I)NUE '1'0 NEXT EPOCH OF OBSERVATIONS

CALL SOLUTION SUBROUTINE
CALL SOLVE (81G,CORR, XA, IM, ISTT,DIST, B, DM, EM, VIPV1, ICOUNT)

CALJ, FRASH
CALL HOME
CALL ANMODE

PROGRAM RERUN OPTION

1., 1CODE= 1 CHANGE BASELINE CONFICURATION (OR TIMFE INPUD)

2, ICODE=2 CHANGF QUASAR SIILFCTI N

8. ICODE=3 CHANGE BOTH OF 'IE ANOV

4. 1CODEK=4 GHANCE OTHER INPUY I’AILAME'I‘F:RS
WRITE (6,71)
FORMAT (/' DO YOU Wisl 10 RUN U PROCGRAR AGAILIN')
READ (5,4) GG

IF(GG. NE. XE'S. AND, GG NE X0) 60 T0 7o

1'(CG, EQ, X0) GO '10 7
WRITE (6.,73)
}LO!}S‘}'\'I‘q(i;’ DO YOU WISH TO CHANGE THE BASELINE CONFIGURATION')
" 3, (NN

T#OGG, N XESAND. GG, NE, X0y GO 10 72

IFOGG, FQ, XO) GO TO 74

1CONE= |
WRI'TE (6,7H)
FORMAT (/7' DO YOU WISH 10 CHANGE QUASAR SELECTION')
READ (5,4) 1N

IFCHR, NE, XFS, AND, HH. NE, X0) GO T0 74
1RO, EQ, XES)  1C0DK=2

JFCHNL EQ.XES AND. GG EQ, XES) 1C0DE=3
IFCHIL EQ, X0, AND, GG, EQ, X0) 1CODE=4
IFCHCODE, KQ, 1, OR. LCODE, BQ.8) €O 10 ¢
TFCTCODE.FQ. 4) GO 10 16
¢0 ‘10 (4

CALL, TERMINATION ROUTINE
CALL FINITT (0,79)

ST0P

END

-
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SUBROUTINE MAPDRW (NETAT)

g m:nmununn*n*nnnn*umnnmmmumnnnuut:: 44
»
¢ * PLOT DICITIZED MAP AN HEbD % 40
C £33 3 1)
c "k INPUT : XO TERMINAL *ND* KESPONS v 60
C *% NSTAT NUMBER OF §/TATION® ON mw o 70
¢ :: ARAY  TERMINAL STATUE ARAAY *x oo
c %k  OUTPUT : MAP OF UNITED STATES,STATION LOCATIONS, e 100
c Rk U (SYMBOL SELECTION) % 110
¢ "k e 120
¢ *K CALLS SUBROUTINES FRAME,UNITS,RECT, i 1860
¢ *k EQUITR, CIRCLE o 146
xR
g 026 2 N0 R 0 206 20 N 3 3 K A 3 2468 3 20 30 206 30 0 300 0 D 3 k300 0 0 0 7 99 3 N A 0 a0 2 R A R o o :gg
c NOTE : MAPDRW MUST BE MODIFIED TO ACCOMODATE OTHER MAPS - 180
¢ AREAS OF POSSIBLE CHANGE INDICATED IN PROGRAM 190
¢ MAPDRW WILL NOT BE CALLED IF MAP DRAW OPTION NOT SET g%

DIMENSION X(12)
COMMON ~/DRAWI- XX(1)/DRAW2/YY(1)/DRAWS/ARAY( 1)
DATA Z0/°'NO*/

EEEE L EEEEEEEEEEEEEEEEEEEEEEEEEEELEEELEELEEEEEEEELT
»
L

c
c DRAY¥ SCREEN WINDOW 260
o CALL FRAME (830,660,270,005) aze
¢ READ DIGITIZED COODINATES OF UNITED STATES BORDER FROM UNIT 4 290
c Ki 1 NUMBER OF DIGITIZED MAP RECORDS (CHANGE IF NECESSARY) oo
"‘ Ll
DO 4 Jx1,KR 320
READ (4, 1) (X(K),Kx1,12) ane
1 FORMAT (8X,12F6.0) 440
PLOT THESE COORDIN: 57 480
c BR,TK' & TRANBLATION COMPONENTS (CHANGE IF NECESSARY) 370
SKs 11,68 300
TK*0. 92 W6
XCD*XC 1) ~8K 400
XCI+ D =XCI+ D =TH 410
c CONVERT TO VIRTUAL UNiTS FROM CENTIMETERS 420
CALL UNITS (XCD),X(I+1), DX, DY) 430
c "PEN UP* FOR F{(RST POINT OF FIRST RECORD 440
| IFC1,EQ.1.AND.J.EQ. 1) GO 10 2 430
c DRAW TO COORD|NATE DX, DY 460
CALL DRAWA (DX, DY) 470 |
G0 10 3 480
C MOVE TO COORD|NATE DX,DY 490
2 CALL MOVEA (DX.DY) 500
8  CONTINUE 510
ot CONTINUE 5260
¢ READ DIGITIZED STATION COORDINATES
¢ DRAW THE STATION NUMDERS IN ALPHANUMERIC MODE

DO 12 J=1,NSTAT
HEAD (4,8) (X(K),K=1,2)
5 FORMAT (8X,2F6,3)
X(D=X(1)~8K
X(2)=X(2)~TK
XX(J)=X(1)
YYC) = X(2)
CALL UNITS (X(1),X(2),DX,DY)
C DRAW A POINT AT STATION LOCATION
CALL POINTA (DX, DY)
POSITION STATION NUMBERS ON MAP (CHANGE IF NECESSARY)

&3
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B A

IF(J.EQ.8) DY»DY-00. NP o670
1IF(J.EQ. 4} DYsDY-1|B, NP obo
\ IrJ.EQ. 8 0\'-0‘{-2 M 699
j IF(J.EQ. 1.0R,J.EQ.2.0R.J.EQ.4) DX«DX-88, NP TO0
TF(J.EQ.0 DXeDX+ 10, MNP 710
1IFCJ.EQ.5 . DX=DX-80. N 720
IF(J.EQ. 067 DXs DX+40, MP 700
CALL MOVEA (DX, DY) NP 740
CALL S8VBTAT (ARAY) MP 700
i GALL. ANMODE MP 760
; IF(J.EQ.2) WRITE (6,7) MNP TOO
: IP(J.EQ.8) WRITE <6, 10) My 790
IFCJ.EQ.4) WRITE (6,8) MP 000
IF(J.EQ.B) WRITE (6,9) MNP D10
IF(J.EQ.6) WRITE (6,11) NP 020
6 FORMAT (' WS') MP 000
7 FORMAT (* OV') MP 040
8 FORMAT (' C8') MP 030
9 FORMAT (* FD') MP 60
10  FORMAT ¢' ©B*) MP  O7e
11 FONMAT (* RN MI 800
CALL RESTAT CARAY) NP Uve
12 CONTINUE MP 90¢
C MP uie
C DRAVW STATION SYMBOL MENU NP 920
C OPTION TO CHOONE FROM 8 STATION SYMBOLS M 930
C 1. RECTANGLE MP 940
C a. ’I‘RIANGLE NP 930
C CIRCLE MP 960
CALL MOVABS (KCM(18.3) ,KCM(4.4)) MP 970
t CALL SVSTAT ¢(ARAY) MP 980
CALL ANMODE : 990
. WRITE (6,13) MP 1000
19 FORMAT (' SYMBOL SELECTION®) MP 1010
CALL RESTAT (ARAY) MP 1020
c DEFINE NEW WINDOWS FOR SYMROL DRAVWING MP 1030
CALL BWINLD (KCN( 12,00 ,KCM(7,0) ,KCM(2.8) ,KCM(2.0)) MP 1040 :
CALL UNITS (7.0,2.6.8,T) NP 1036 1
CALL VWINDO (©.0,8,0.0,T) NP 10060 '
CALL FRAME (KCM(12.0) ,KCM(7.0) ,KCM(2.8) ,KCM(2.8)) MP 1070
C DRAW mwmm‘w MP 1080
CALL RECT (1.0,1.0, MP 1090
c DRAW mUlLArEML 'mmm.u: M’ 1100
E CALL EQUI'TR (9. 1.e M 1110
c DRAV CIRCLE MP 1120
CGALL CIRCLE (5.7,1.90,0.8) MP L1306
[» MP 1140
RETURN MP 1100
> LND NP L1160
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BUHROUTINE BRIN ( N, MAP, NRTAT, I1CODF) s
NN 5 0 M 05 0 N 000N S0 0O 00 o o A OO RN R KRRk [N
L 3] %k UK
»k SELICT AND MAP RASFLINES o 'l}g
e . P30
LES INPUT 3 MAP MAR DRAWING OPTION INDEX 0k BR
“e 1CODF, INITIAL PROGRAM RUN INDFX *x NS
:; NSTAT NUMBER OF STATIONS ON FILE wok g:
) wx P
*% OUTPUT ¢ IN NUMBFR OF STATIONS CHOSEN e I
*x IND NUMBEI OF DBANELINES CHOSEN *k WW
*k IR,.I8 RELFCGTED BARFLINFR TNDEX we NS
K IS8T BELFCTED STATION INDEX ok Jin
£ NEX EXPERIMENT NUMBER *% gg
»*% wH
L e OPTIONS : STATION SYMBOL SELECTION *or i
EY *x PS8
£33 e BS
:* CALLS SUDROUTINES UNNIS, RECT, EQU TR, CIRCLE :* gg
x
530 2 00 3 3 1K 0 S 00 90 5 3 3K S HEOKE 3 58 K S S 39 0 00 3 30 M0 0 DK K 30 6 0 396 0 V60 0K 0K 5 NOK R SENOIOR NOR v ok 138
WX
NOTK 1 1IF CHANGING BTATIONS MODIEFY FORMATS 142 {;3
INTEGER "I'ND 11
DIMENSION 1K1Y, JSC1), IST(1) RS
COMMON /DRAW(/ XXC 1) /DRAW2/YY( 1) 7DRAWS/ARAYC 1) Z/DEXL IS/DEXQ/JS/DEX IS
107181 DEXE/NEX, Bs-TRR, JUST BS
PI=»3. 14 RE
IR, AVAILAI!I,E VLB] STATIONS BS
CALL ns
CALL ANMUDL 1
WRI'IE (a6,1) BS
CHANGE SBTATION NAMES IF NECESSARY AL
roat ' STATION SELECTION' -~ 1, WERTFrORN' /° 2. OWENS VAL n0s
1HEY 8. GREENBANK'~* 4., GOLDSTONE' 2. FT. DAVIS' ' BS
2 6., RICHMOND') gg
STATION AND BASFELINF SELECTION Bs
WRITYE ¢6,2) B
CHARNGE, NUMBER OF STATIONS AND BASFLINES IF NECFSSARY S
FORMAT (' FNTER #8TATIONS,»BSLNS'/' STATION 1 2 8 4 8 6'/' PUT O ] IS
I NOT OBSERVING'.”> NAXIMUM #DBSLNS=6') ns
DO G I=1, NSTAT B8
IST(1)=0 ns
REEAD (3,%) IN,INB, CI8TC1), I» 1, KSTAT) {1
no 6 lltl.TNB BS
CALL RESTAT (ARAY) s
CALL NMOVARS ¢(1,KCM(B.9)) RS
CALL. BVSTAT (ARAY) BS
CALL ANMODLE 35
WRITE (6,4) 1) RS
FORMAT (’ CHOOSE, BASELINE #*',18/*' ENTER I J OF DASELINE') s
READ (D, %) ISC1D) JdsCLD) Rs
MAP DISPLAY IS SKIPPED IF MAP DRAW OPTION NOT SET s
1AL, EQ.0) GO ns
CALL, RERTAT (AW\\') BS
CALL MOVABS (i,KCM(7.2)) L
CALL sSVSTAT (ARAY) i
CALL ARHODE Bf
SrEN0L, SELEGTTON BS
WRITE €6,8) 1J ns
l~0miAl‘ \ i SELECT SYNBOLS #', 11, BSLINE'/' PRESS I-RETUNN,MOVE'/* IS

T T T L T
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IGU%O? lNSl?'l!)l SYM-PRESS P*)
CALL RESTAT (ARAY)

REDEF INE MENU WINDOW

CALL SWINDO ¢(KCM(12.0) ,KCM(7.0),KCM(2,.8) ,KCM(2.0))
CALL UNITS (?7.,2 .,S ™

CALL VWINDO (@. v

FIND CURSOR L()CA'I‘ION IN VIRTUAL WINDOW

CALL VCURSR (I1,XI,YI)

SELECT SYMBOL ACCORDING TO QURSOR LOCATION
IF(X1.GT. FLOATVKCM(9.53)) . AND. XI.LT.FLOAT(KCM( 1.8))) 18 1
IF(XI.GT.FLOA{(KCM(2.5)) . AND. XI.LT.FLOAT(KCM(3.5))) ISYM=2
IF(X1.CGT.FLOAT(KCM(5.2)) . AND, XI.LT. FLOAT(KCH(6.2))) ISYM*3

REDEF INE MAP WINDOW

CALL SWINDO (839,660,279 ,5008)
CALL VWINDO (@.,i320. .0.. 101e.)
DRAV APPROPRIATE SYMBOL

DRAW CHOSEN SYMBOL

IFCISYM.EQ. 1) CALL RECT (XXC(IS(1J)),YY(IS(1J)),1.0)
IFCISYM.EQ@.2) CALL EQUITR (XXC(ISC14)),YY(ISC(1J)),1,0)
- IFCISYM,EQ.3) CALL CIRCLE (XXCISCLD),YY(ISCIJ)),.B)
IFCISYM,EQ. 1) CALL RECT (XX(JSC1J)),YY(JS(1J)),1.8)
IFCISYM.EQ.2) CALL FQUITR (XX(JS(1J)) ,YY(JS(1J)),1.0)
IFCISYM.EQ,3) CALL CIRCLE (XX(J8(1J)),YY(JSC(I))),.B)

DRAV LASELINE

CALL 'INITS (XXCISCLD)),YY(IS(1J)) ,DX,DY)
CALL MOVEA (DX, DY)

CALL UNITS (XN(JS( 17)),YY(JS(1J5)) , DX, DY)
CALL DRAVWA (DX, DY)

1IF(1J.EQ.TNB) CALL MOVABS (1,KCM(9.8))
(C}(!}kl.. SXETAT C(ARAY)

DRAV EXPERIMENT NUMOER

CALL MOVABS (1,KCM(4.4),DX,DY)
CALL SVSTAT (ARAY)

CALL ANMODE

WRITE €6,7)

FORMAT (* ENTER EXPERIMENT #°)
READ (5,%) NEX

IF(MAP.EQ.9) GO TO 8

Ganle RESTAT (ARAY)

CALL UNITS (9,0,16.3,DX,DY)
CALL NOVEA (DX, DY)

GO TO 9

CALL MOVABS (l KCM(2.5) , DX, DY)
CALL SVSTAT - ARAY)

CALL ANMODE

WRITE (6,16) NEX

FORMAT (’ EXPERIMENT #° , 1%, 18
SKIP T0 NEW PAGE ON LINE PRIN'I‘ER IF REPEATING PROGRAM
IF( ICODE.GT.0) WRITE (7,11
FORMAT (1H1)

WRITE (7,12) NEX

FORMAT (10X, 'EXPERIMENT #°, [3)

CALL MOVABS (KCM(6.3),KCM(3.4),DX,DY)
CALL ANMODLE

YRITE (6,18)

FORMAT (° PIESS | THEN RETURN')

READ (§,%) MNOM

RETURN
END
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SUBROUTINE SIDTM (TH®,P),TF)
********&*************&l***&i**.***l#&*t“'ﬂ‘lﬁ“'#****«!*******l*
*K L3

K TIME HANDLER L
L3 xR
ok INPUT @ Pl ::
RN

L READ : IYEAR... INITIAL EPOCH OF OBSERVATIONS (UT) *k
:: JYEAR. ., FINAL EPOCH OF OBSERVATIONE (U ::
::: WRITE : THO OST AT INITIAL EPOCH ::
L 3] OUTPUT : 'THO 3]
:: TF TOTAL INTERVAL OF OBSERVATIONS oK
b MK
aok CALLS SUBROUTINE GRESID,DEGMS wN

£33 X
AN AR NN NIRRT NN NN N KBRS BRI AN A NN A AN AN

IPPLICIT REAL%B(A-H,L~Z)
FOMMON /TIME/ IMO, IDAY, IYEAR

{\"ﬁ‘l\'l[)‘ﬂl?([p'rlhl‘ FPOCH IN UNIVERSAL TINME

FORMAT (' ENTER INITIAL EPOCH IN UNIVERS: . TIME'/*' FORMAT: YFAR,MO
INTH, DAY, HOUR, MIN,SEC’ 7' PRESS RETURN THEN ENTER FINAL EPOCH ll! SiM
2ILAR MANNER' 7/° IF INITIALSFINAL EPOCH IN DIFFERENT MONTHS OR YEAR
88/ EXPRESS FINAL EPOCH IN SAME H(DN'I‘!I OR YEAR AS INH‘IAL E!'O(}ll‘/‘
4 E.C. [F INITIAL EPOCH DEC 390, 1979 FINAL EPOUH JAN {,1980'/' ENTE
BR FINAL EPOCH AS DEC 82,1979'//' EN 'l'hl\ FOR INITIAL El’()Cl! o HOURS U
6T OF INITIAL DAY')

READ (§,%) IYEAR, lHO. IDAY, IHOUR, IMIN,SEC

READ (5,%) JYEAR, JHO, JDAY, JHOUR, JMIN,SECJ

WRITE (6,8)

WRITE (7,3}

FORMAT (77, 18X, ' INITIAL EPOCH’,2X, '(UT) ')

WRITE (6,4)

WRITE (7,4)

l"Oll.MA'I' (710X, ' YEAR' , 1X, 'MONTH', tX, 'DAY", IX, 'HOUR' , 2K, ' MIN’ ,2X, 'SEC

1

WRl'l'E (6,0) IYEAR, IMO, IDAY, IHOUR, IMIN,SEC
WRITE (7,8) IYEAR, 1MO, IDAY. IHOUR, IMIN,SEC
FORMAT ( N-DX, I4.4!5.l~5. 1

WRITE (6,6)

WRITE (7,6)

FORMAT (/, 18X, ' FINAL EPOCH',2X, '(UT) /)
WRITE (6,0) JYEAR,JMO, JDAY JllOUll.JMlN SECJ
WRITE (7,8) JYEAR,JMO, JDAY.JIIOUR JMIN, BECJ

IFCIYEAR, NE. IYEAR, OR, JMO, NE. 1HO) GO TO 9
TF ¢ TOTAL INTERVAL OF OBSERVATIONS

TF=DFLOATCJIDAY= IDAY) %24, DO+ DFLOAT(JHOUR- 1HOUR) +DFLOATCJMIN- IMIN) /6 '

10, DO+ (SECJ-SEQ) /3600, DO

CALCULATE GREENWICH SIDEREAL TIME AT EPOCH T9
CALL GRESID ¢ IVEAR, 1MO, IDAY, IHOUR, IMIN,SEC, THO)
Pie=2,Doxe |
CHECK FOR NEGATIVE VALUE OF ¢ST
1FCTHO . GT. ~P 12, AND, THO. LT, 0. D0) THO=THO+P12
THOT=THA/ 15. e
CALL, DEGMS (THOT,PI, 1DEG, IMIN,SEC)
WRITE (6,7) IDEG, lMlN SE
WRI'TE (?,7) lDl!.G
,g:gl\gl)\'l‘ 922 10X, ' llluENWiCll SIDEREAL TIME AT INITIAL EPOCH =°,214,2X,
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WRITE (6,8)
FOMMAT (///,' PRESS 1 - THEN RETURN')
READ (3,%) MOM
GO T0 11
WRITE (6,10
FORMAT (//' WRONG INITIAL AND FINAL DATA - RE-ENTER')
WRITE (6,8)
READ (5,%) MOM
CALL ERASE
CALL HOME
CALL ANMODE
GO ' 1
g
SUBROUTINE GHESID (1YEAR, IMO, IDAY, IHOUN, IMIN,SEQ, THO)
MR AR AN AR R AR NN AR AN A AR A AR AR AR IR AR O AR AN AR AR AR A 2 0
X% xK
L2 CALCULATES THE GREENWICH SIDEREAL TIME *x
m: AT INITIAL EPOCH OF OBSERVATIONS ::
:: INPUT : 1YEAR... INITIAL EPOCH OF OBSERVATIONS ::
;:: OUTPUT : THO GST AT INITIZL, FPOCH ::
44:: CALLS SUBROUTINE JULIA *:
bE ]
A RN AR S K NN AR AR AR AR S0 3K A S S S N A AR AR A N R Ak o ok K o a3 ol o ok 3K
IMPLICIT REAL*8CA-U,L-2)
Pl=4.DOXDATANC L, DO)
CALL JULIA (IYEAR, I1MO, IDAY, IHOUR, IMIN,SEC,MJD)
T=(MID-24 15026 . DO) /36525. D0
T=T*'T
AT=6 ., 64606566 1O
BT'= (3640184, 621D0/3600. DY) =T
Br=DMODC BT, 24, 10)
CT={ 0, 092910 3000, DO) *T2
THO= AT+BT+CT
DI=DFLOATC IHOUR) +DFLOAT( IMIN) /60, 1)0+SEC/3600, DO
THO= THO+DT

IFCTHO , GE, 24, D8)  'THO= THO~24 . DO
THO=THO* 15 . DO** 17180, D0
&i‘:'ln;mm
SUBROUTINE JULYIA C(IYEAR, IM, IDAY, IHHH, IMMM, S8, MID)
K HNOR KRR IR NN AR RN R NORIKOK AN R 0 A  AKK R N Ak R R R 3 KR ok K 0K
qN *%
}f: CONVERTS UNIVERSAL TIME TO JULIAN DATE R¥
* £33
:=$ INPUT ¢ IYEAR... INITIAL EPOCH OF OBSERVATIONS * X
T KN
ﬂti OUTPUT : MID JULIAN DATE OF INITIAL EPOCH *:
i X
SRR R A B S R 200K K SR KRR A K AR ORI 3RS K NN R A 3 S AR AN K N K K
IMPLICIT REAL*8CA~H,L~Z)

DIMENS1ON 1MOZTHC 12)

DATA I1MONTH/0,31,539,90, 120,151, 181,212,243,273,304, 334/
H=DFLOATY ( HHD
M= DFLOAT MMM

1GOD=@

IBIS=C IYRAR- 1897) /4

IFCIYEAR, GT. 1960) 1DIS= ID1S~1
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LGl 4%( IYZAR/4) JL

IF( IYEAR. EQ. iCH. AND. IM.GT.2) ICOD=1 JL

FID2 34 150203 ( IYEAR- 1900) 365 . DO+ 1DI8+ [MONTH( 1M + ICOD-6 I
el + .5DO+ IDAY+

124 . DO+ N/ 1440, DO+8/06400 . O 508+ IDAY+R/ I

RETURN I

END JL
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SURROUTINE STATNS (X,Y,Z,XT, YT, ZT,DIST,P1, ICODE, NSTAT) ST
330 300 0 20 30 0300 0 2 2 KSR O U N3 3K K 3 AR K K AR KA AR K 3 AR KR K KRR AN ST
xR x%x ST
ik STATION HANDLER *% ST
£ *x%x ST
E 1 INPUT ¢ L1,L2,L8 STATION NAME x» ST
*NK I EGI... LATITUDE OF STATION x%x ST
*% IDEG2... LONGITUDE OF STATION *x 87
R H HEIGUT OF STATION ABOVE ELLIPSOID *k ST
XK 18,J8 STATION INDICES *x ST
xR IST BASELINE INDEX *%x ST
XK NEX EXPERIMENT NUMBER x% ST
K 'NB TOTAL NUMBER OF BASELINES *% ST
A NSTAT NUMBER OF STATIONS ON FILE *% ST
*K 1CODE INITIAL PROGRAM RUN INDEX *% ST
*K rl *% ST
T AFI ELLIPSOIDAL PARAMETERS *K g$
*K oK

we WRITE : X,Y.Z CARTESIAN STATION COORDINATES (APPROX) xx ST
*x XC, YC,ZC COORDINATE DIFFERENCES % ST
ik DIST BASELINE DISTANCES *% ST
*K IDEGIL. .. x% ST
KK IDEG2., .. *%x ST
XK H *% ST
L3 L1,L2,L38 *%x ST
*k 18,J8 *x ST
»¥ *% 81
KK OUYPYUT XTP'I YTP BASELINE UNIT VECTOR COMPONENTS *% ST
*R *x% N1
WK XG,Y¢,2¢ xy ST
*K DIST *: ST
£33 % ST
E3 3 <% ST
*iK CALLS SUBROUTINE RAD *% ST

R 11 *N
AR AR AR KK AN K K N K K K N S SR AR S VK AR AR A AR K A A AR A AR Aok e 2K 3K

IMPLICIT REAL®8(A-H,0~-2)

INTECER TND

DIMENSION XTC1), YICD, ZT(1), XD, Y(1, Z(1), XTP(I). YTT(!), Z
1P, XC(D, YC(D, ZCG(1), DIST(D) ., ISC1), JS(1, ISTC(I1

COMMON ~CRD1/ XTP/CID2-YTP,/CRD3/Z1'P/CRD4/XC/CRUS/ YL/GRD(»/'((}/DEXI /1
18/DER2/JS/DEX3~ IST/DEX4-NEX/BS/TNB, JUST

READ ELLIPSOIDAL PARAMETERS FROM FILE 8
LF( ICODE. NE,0) REWIND §

READ (3,%) A,F1

WRITE (7,1)

sg?¥?T(;// lgki‘PAﬂANLTEﬂé OF REFERENCE ELLIPSOID')

¥ " '

FORMAT (/. 9X. LQUATORXAL RADIUS = *,F11.2, 8&.'HLTFHS'./9X.'INVERSE
1 FLATTENING = * WP 27

COMUUTE FLLleOlD FLNPFENINb AND ECCENTRICITY

FLAT=1,DO/F

EE“2.DO*FLNP’FLAT*FLAT

CALL ERASE
CALL HOME
CALL ANMODE

READ CHOSEN STATION COORDINATES FROM FILE 3
WRITE (6,3)

WRITE (7,3

FORMAT (7, 15X, ' APPROXIMACE STATION COORDINATES®)
WRITE (6,4)

WRITE (7,4)
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4 FORMAT (/,38X,'  LATITUDE 4X 'rumn o3 JHEIGHT, 0,27 ST 670
I1X, 'DE°, 1X, " MIN® .nx.'sm'.ox.'m:b' |x.'mu'. " 19X, METERS ') 600
INDX~ 6 5 ooe
DO 10 I»1,NSTAT ST 700
NEAD (8,8) [DUM,L1,L2,L8, IDEG1,MINI .sscn IDEG3, MINZ, SEC2, H ST 710

8  FORMAT (12,0A4,18, 13,F6.8, 14, 12,F6.3,8X,F10 8T 720
IFCISTCD . NE. 1) 60 T0 7 ST 700
INDX= INDX+ 1 ST 740
WRITE (6,6) IDUM,L1,L2,L3, IDEG1,MIN1,SEC1, IDEG2, MNIN2,SEC2, H ST 750
WRITE (7.6) IDUM.L1.L2.LS, IDEGI,MIN1,SEC1, IDEC2, MIN2, SEC2, H ST 760

6  Folr (6X, 12,2X. 3A%, 4K, 13, 1X, 12, 1X,F6.8, 4X, 13, 1X, 12, 1X,F6.9,8X,F1 ST 770

c CONVERT LATITUDE AND LONGITUDE TO RADIANS ST 796

7  CALL RAD CIDEG!,MIN1,SECI,PHI,PI) ST 000
CALL RAD ( IDEG2,MIN2,SEC2, ALONG,PI) ST 810

¢ COMPUTE. RADIUS IN PRIME VERTICAL ST 820
ANx A/DSQRT 1, DO-EEXDS INC PHI) %%2) ST 830

¢ COMPUTE, CARTESIAN GOORDINATES OF STATIONS ST 840

¢ BASELINE UNIT VECTOR ST 856
XT( 1) = DCOS( PH1 ) *DCOS( ALONG) ST 860
YT( 1) «DCOS( PH 1) %DS IN( ALONG) ST 67e
2T 1) =DSINCPHDD ST 880
XC 1)+ CANH) %XTC D ST 890
Y1) = CAN+ID YT 1) ST 900
ZC 1) = CAN®C |, DO~EE) +1D ¥ZT( 1) ST 910

c STORF, CHOSEN BASELINE UNIT VECTORS ST 920
IFCISTCD . NE. D GO TO 10 ST 936
XTPC INDX) =XT( ) ST 940
YTP( INDX) = YT 1) ST 956
ZrPC INDX) =2T¢ [) ST 960
WRITE (6,8 X(D,Y(D,Z(D 8T 970

8  FORMAT (10X,'X =',F14.3,2X,'Y =' ,F14.8,2X,°'Z *',F14.3,2% ST 906
WRITE «7,9) XCD,Y(D,Z(1) T 990

9  FORMAT (~,10X,'X =',Fi4.3,2X.°Y »°* ,F14.8,2X,'Z ="' ,F14.8,2% ST 1000

1@ CONTINUE ST o1

¢ COMPUTE, COORDINATE DIFFERENCES AND BASELINE LENGTHS ST 1030
WRITE (6, 11) ST 1040
WRITE (7,11} ST 1050

11 FORMAT (-, 6X,* PASELINE', 6X, 'DELX' , 16X, *DELY’ , 10X, ' DELZ' ,8X, *DISTA ST (060
INCE' , 2X, ' (] * ST 1070
DO 13 x-x.m; ST 1086
XCCK) = X(JSCK) 7 =X IS(K) ) ST 1090
YC(K) = Y(IS(K) ) =Y IS(K) ) ST 1100
ZCOK) = Z( ISCK) ) =Z( IS(K)) ST 1110
DISTCK) = DSQIVEC XCLKD %2+ YC( K) AR2+ZCK K) %%2) ST 1120
WRITE (6, 12) ISCK) JSCK) , XC(K) , YC(K) , ZCCK) , DIST(K) ST 1136
WRITE (7,12) 18K ,JS(K) ) XC(K) | YE(K) » ZC(K) » DIST(K) ST 1140

12 FORMAT (7X, 12,2X, 12, 4F 14,5 ST 1156

18 CONTINUE ST 1160

[ ST 1176
WRITE (6,14) NEX ST 1186

14 FORMAT (~-7,°* 'THESF. ARE 'THE STATION COORDINATES FOR EXPERIMENT ', ST 1190
112/ PRESS 1| THEN RETURN') ST 1200
READ (5,%) MOM ST 1210

c ST 1220
RETURN ST 1230
END ST 1240

4
:
]
]
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SUBROUTINE QUASAR (X0, DECR lun E1,E2,KE8,0MG,P1, 1QUAS, KEEP, INDEX, IC
10DE, IM, IPFIX, NQUAS, TH, TF
m**»*mu****mxa:****m****u***t***a:*taa*a*t*r:z*aa*nt*tx**mx*t*ttxa

*% wx
* QUASAR HANDLER *:
L 3 X

%k INPUT :  XTP, YIP, ZTP BASELINE UNIT VECTO *K
L2 MO, lDAi’. IYEAR DATE OF START OF ODSBRVATIONB ®K
®X NQUAS NUMBER OF QUASARS ON FILFE %
*k 1CODE INITIAL PROGRAM RUN INDEX L3
*K THO ™ G810, INTERVAL OF OBSERVATIONS WK
*k TOTAl NUMBER GF STATIONS b
K Pl oMG PROGHAM CONSTANTS :n
MK »
*k  READ t IM NUMBER OF QUASARS OBSERVED wK
*K 1QUAS CROSEN QUASAR NUMDERS o
*% ZNTMAX MAXINUM ZENITH DISTANCE x¥
*% IPFIX REFERENCE R.A. QUASAR ¥k
»K £33
L2 «RITE ¢ INDEX VISIBILITY MATRIX K
Rk i QUASAR KUMBER >R
*K L.1,L2,L9 QUASBAR NAMF ®k
*ok IDEGL. .. QUASAR RIGHT ASCENSION *K
wk 1DEGR. ., QUASAR DECLINATION %
L KEEP VISIBILITY MATRIX HEADING &k
L3 %X
¥%  OUTPUT :  HA,D CHOSEN QUASAR COORDINATES ¥
K% E1,E2,E3 QUASAR UNIT VECTOR COMPONENTS %
*K £ 3
*%  OPTIONS ¢ MUTUAL VISIBILITY OUTLINER %
X xor
%k CALLS BUBROUTINE DEGMN, RAD *
L33 X%

SRR AN NN RN R KSR K R ICAOK KK 33K IR K N 3K 3 0 0 RO N KR KR ok oKk

IMPLICIT REALXOCA~N, 0-2)

INTEGER®S INDEX

DIMENS 10N 3TPCI)Y, YTPCD), ZTP(1), DECR(1), RARLD, EIC(D), E2(D, E
W, jaCL:, DD, 1QUAS( 1), KEEP( 1), "WDLXH’).... 4)

ﬁ()ml‘)ﬂ)ﬂ <CRDL/ XTP/CRD2/YTP/CRD3/ZTP/TINE INO, 1DAY, IYEAR/S80U 1/RA/80
12

CALL. ANMODE

11" PROGRAM RE~-RUN DO NOT LIST QUASAR FILE

IFC1CODE, EQ, 2, 0OR, ICODE. FQ.3) GO TO @

WRITE (6,1

FORMAT (' QUASAR SELECTION')

WRITE (6,2)

WRITE (7,0

FORMA'T (1HL, 15X, "APP'ROXIMATE SOURCE COORDINATES' /)

WRITE (6,8)

WRIVE (7,1

FORMAT (26X, *RIGHT ASCENSION',3X, ' DECLINATION', // 7X, '#*',2X, 'NAME'
LIOX, "HR P MIN ' RECG, oX, "DEC MIN ', 'SEC!

READ QUASAR COORD INATER
KM - PAGE COUNTER
‘IS“ ~ NUMBER OF QUASARS DISPLAYED PER PACE OF SCREEN DISPLAY
M= |
KN= 26
DoV oI=[, NQUAR
READ (3,4) IDUM,L1,L2,L3, IDEG1,MIN1,SECY, IDEG2, MIN2,8EC2
FORMAT (12,3A4,13,12,F6.8, 14,12,F6.8)
IFCI.NE.KN) GO 10 §
KM= KM+ 1
Kiv= KNxKM
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10
11

ane O

12
13

14
13

16

ac

1 ¥4

CALY. RAD (IDEGZ,
C=NCOS(DECC 1))
SD=DSINCDECR( 1))
CA*DCOB(RARC 1))

SA=DSINCRARC D))

COMPUTE COMPONENTS OF QUASAR UNIT VECTOR
E1{ 1) =CD*CA

WI!}"I‘E (6, 43)

GCALL HONE
CALL. ANMODE

WIYIE (6,6) I.Ll. ‘. » 1DEGE,

MINL, S
WRITE (7.6) §,1.1,1.2.1.4. |nro|.nlnn
lgonuAT (X, 12, 2X. OA4, 4X, 18, 1X, 12, 1X
rbnvrn'r RA AND DFC TO RAD
CALL RAD C IDEC1,MIN{,BECI, nAncn) PD

BARCD) = RAIC 1) %15, DO

L2 1) =UksSA
FacT =8N

CONTINUE

WRITE (6,42)

READ (5,%) MOM
CALL ERASY
CALL. HOME

CALL ANMODLE

DO 9 J=1,12

RACH) =0, D0

NCH =0 N0

CONTINUE

WRITE (6,11)

CHANGE FORMAT IF MAXIMUM #(12) OF QUASARS INCREASED
PO YOU WISH TO OHSFRVE',/,°

FORMAT (7, HOW MANY QUASARS

INUMBER I8 12%)

READ (5,%)

M
CHANCE |F MAXINUM *(12) OF QUASARS INCRYASED

IFCIM.GT. 12) GO TO 10

OPTION TO CHOOSE QUASARS WITHOUT VISIBILITY OUTLIMER
IF IFY=0 SKIPF VISIBILITY OUTLINER

11'Y=6
WRITE (6, 12)

d:ﬁl\g!@')!‘ (BX,'DO YOU WISH T0 CHOUSE QUASAI DBEFORE VISIBILITY OUTLIN

READ (5, 13) GG
FORMAT (A4)
IF‘((:(:.EQ‘)\'O) GO TO 18
WVRITE (6,

FORMAT (7 5?\ *ENTER CHOSEN gUAbMIb'/ﬂX. *E.G.

READ (6,%) ( TQUASCK) K= 1
N0 16 K={

s 1M
CHANGE 11’ NUNBER_OF QUASAl!z (47) IN FILF. CHANGED

TPCIQUASCK) . GT. 47T) GO TO
CONTINUE

INDKX : CHOSEN QUASARS INDEX
INDX=0

1FV= 1

KL=0

fLE KL+ 1

IND= 1QUAS(KL)

I[F(EL,LE, IM GO TO 31

GO TO 30
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DEG2, MIN2, BEC2
FG2. MIN2, SEC2
L #X, 18, 1X, 12, 1X, F6. 8,3X,F1

IN2,8EC2,DECR(D) ,PI)
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18  CALL ERARPE
CALL HOMF
CALL ANMODE

MUTUAL VISIBILITY OUTLINER
%g%a'\,\'v‘p'r(n "l_‘u‘-;ql)-'on VISIBILITY OUTLINER
s L XY
19 l@gﬂ%’!‘,( ' MUTUAL VISIBILITY OUTLINER'//,' INPUT MAXINUM ZENITH DINS
A WRITE (7,20)
20  FORMAT ({111, 10X, 'MUTUAL VISIBILITY OUTLINER'/)

eon

£8563E6268565868
g

c WRI'TE (7,20) IMO, IDAY, IYEAR ::’;g J
C INPUT MAXIMUM OBSENVADLE ZENLTH DISTANCE 1440
READ (0, %) ZNTMAX 1490
WRITE (7.21) ZNTMAX 1500
‘.21 FORMAT (/7,0X, 'MAXINUN ZENI'TH DISTANCE =',F6.2/) 3!; :gég
C COMPUTE VISIBILIT\’ MATRIX QUASAR DY QUASAR us 13490
DO 22 1J=1,24 a8 1840
22 KFFPC(1D)=1)-1 Q8 106880
1920, 0 us 1560 :
IND=0 a8 1870 ?J
INDX=0 Qs 1500
DO 94 1= {,NQUAS U8 1490
IND= INDH) as 1600
DD 24 Kxi,24 us 1610
T='10+(K-1) S 1620
¢ TRANSFORN QUASAR UNIT VECTOR TO EARTH FIXED SYSTEM AT EPOCH T Q8 1630
ANGLE= OMGH('T-TO) +THO us 1040
s CAzDCOSCANCLE) as 16060
SA=DRINCANGLE) as 1660
QE=CARELC D) +8AREZC]) s 1670
, Q2= =RAXR T D) +CAXE2( 1) a8 16680
w Q3=Fa(1) Q8 1690
| C CALCULATE LLN 1Tl PISTANCE as 1700
| DO 24 =1, Qs 1710
l '\RGU‘XTP( J)*QI+YI'P(J)*Q2+ZW(J)$QO oy 1720
r 1IFCARGUL LT, -1 . 110) ANGU=-1.,DO a8 1730
: TFCARGU.GT, 1. D0) ARGU=1Y, DO QS 1740
ZNT=DARCOS( ARGU) us 1700
YNT=DABSCZNT)Y 2 1BO .. DOP ] a8 1700
c TF ZNT.GT. 2NTHNAX CAUSE TWO STARS TO BE PLACED as {770
} C IN APPROPRIATE LOCATION OF VISIBILLITY MATRIX a8 1780
IFCZNT. GTOZNTHAR)  ZNT'= 1000, 10 as 1790
‘ C FILL VISIBILITY MATRIX as 1400
INDEXC D, K) #4NT as 1810
23  CONTINUE a8 1820
24  CONTINUE as 1o
¢ DRAW TITLE. FOR VISIBILITY MATRIX (8 1040
WRITE (6,25) 1MO, IDAY, IYEAR Qs (360
20 FORMAT (///UX, 12,7, 18,'7',15,1X,"ZENITII DISTANCES (%% DENOTES NO us 1060
INVISIBILITY) *) a8 1570
WRITR (6,26) (KEEPCIL) , IL=1,24) Qs (000
WRETE (7,20) (KEEPCIL) , 1L=1,24) a8 1090
26 FORMAT (77,2K, Q8 ST, 241X, 12)) a8 1900
DO 20 IK=1,IN as 1910
WRITE (6,27) IND, 1K, CINDEXCIK,KL) ,K1=1,234) s 1920
WRITE (7,27) IND, IK, C INDFX( 1K, KI) .Kin1 24) as 1930
27 FORMAT (11X, 18, 1X,I12 .24( 1X,12)) a8 1940
28 CONTINULE Qa8 1980
WRITE (7,29) a8 1960
29 FORMAT () Qs 1970
C CHOOSE QUASAR 117 APPROPRIATE a8 1980
WRITE (6,30) as 1990
H 1-0mmr (7' DY YOU WIS ‘10 OUSERVE 'TIUIS QUASAR'/' ANSWER YES OR NO’ gl; :gz:m:
KEAD (3,13) 66 s L0200
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82

a3

U4
a3

o5

IF(GC. EQ, XD) GO TO 88
ADD CHOBEN QUASAR
FTNDK= INDX+ Y
RACINDX) = RARC IND)
DCINDX) = DECIE IND)
TQUASC INDX) = IND
IFCIFY.EQ. 1) ¢O TO l7
WILLTE (6,392) INDN, 1

FORMAT ( \’OU HAVE CHOSEN'.I2.' QUASARS OUT OF ',12,' QUASARS')

WRITE (6,42)
READ ¢5,%) MOM

IFCINDX, EQ, IM) GO TO 38

CALL ERANLE
CALY. HONMF
CALL ANMODE
CUNTINUE

CALL ERABE
CAL), HOMK
CALL ANMODF.

LINT CHOSEN QUASARS
WRITE (6,86)
WRUTE (7,36)

&, 'MIN L, TEEGY )

NG s U=y, INDX
RQ=RAC ) 7 (5, DO

CALL DEGHS (RQ, PV, IDFCY, MIN1,SFECH)
CALL, DEGHMS (D( ) ,PI, IDEG2, MIN2,SEC2)

FORMAT ( 13X,12,'.
CONTINUE

%gsgaggg%esgagaggesggsgs

FORMAT ¢ 111.-7,20%, *THESE ARE THE SOURCES CHOHFN'/ 25}(. ' RIGHT ASCE Q8
INSION' ,3X, 'DECLINATION' , /7, 20}{." AKX, 'HR °, 'MIN ', 'BEC’,TX, 'DEG 343
Qs

(]

&

WRITE (6,37) IQUAS( ), 16t MlNl.SlﬁLl 1DEG2, MIN2, SECD as
WRIUTE (7,37) l. |0|MQ( D, INEGY, NlNl.SF(‘I. IDN‘Q H N2,8FC2 as
+ 12,8X,2( 18, 1X, I3, 1X,F7.8,4X) 3:3

as

as

WRITE (6,40)

ronna'y (/ 19X, * KENTER 'TDE IU’F‘F‘IU’NCE SOURCE® /7, 19X, ' USE. SFQUENTIAL NU 08

INBER (LEFT-MOST COLUMN ABOVE) as
READ (B,%) I1PFIX as
CUANGE 1F MAXIMUM «(12) OF QUASARS INCREASED as

(FCIPFIX.CT. 12) GO TO 39

WRITE (7,41) 1PFIX

FORMAT (21X, 'SOURCE® , 14,* 1S THFE. REFERENCE SOURCE®) a8

FORMAT (/' PRESS 1 - THEN RETURN®) a8

RETURN Qs

END s
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SUBROUTINE SI1MULT (XEI!H.XILE XES, ERAD, PMX, PMY, PMZ., OMG, TF , 'lm.ll'll.!i
1, 18710, 8182, 1CODE, CUNV

ww****x*m**m**m***m**xmm*mmt*m*mmmma*xwm*mt*s*mstm*m*mmww#mm*&n*mm
WO Wk
:* SCHEDULE 81MULATOR *oK
* "
wk INPUT 1 OMG EANTU ROTATION RATE *k
Rk FRAD MFEAN FARTH RADIUS L L
e ] THO, TF G879, INTERVAL Ol' OBSERVATIONS kK
nok LCODE INVFIAL PROGIAM | wx
*ok TNB TOTAL. NUMBER OF BABI’. !.8 L3
* I18TT NUMBER OF EARTH OI\IEN’I'ATION BTEPS k%
K SINL END OF STEFS KPOCH £33
*x XC. Y0, ZC BARELINFE. COORDINATE DIFFERENCES "
"ok RA,D QUASAR COORDINATEY #ok
*k CONV CONVERT UNIVERSAL ‘TO SIDEREAL TIME ::
HoK
¥k READ ¢ DPMX,PMY,PMZ  APPHOX, VALUES EAIRTI ORIENTATION ok
] T TIME INTERVAL. BETWEEN ORSERVATIONS %k
tm IFILE OBSEHVATION STORAGE FILE NUMDERS ::
%
¥k WRITE ¢ PMX,PMY,PMZ Wk
ok Nk
dok  QUTPUT ¢ S1IMULATED OBSENVATIONS ON FILES 10-10 &k
ok 1. BASFELINE NUMBER ok
Hok K QUASAR NUMBLER *ok
ok IHOUR, IMIN  EPOCH OF OBSERVATION A
:uz D8, FRNG OBSERVED DELAY & DELAY RATE m
k
%%  OFTIONS : SIMULATE DELAY RATE OBSERVABLES £
e READ OBSERVATION SCHEDULE FROM FILE 9 i
b3 READ OBSERVATION SCHEDULE FROM ‘TKRMINAL ok
ok INPUT TIMES OF ORSERVATION (DT NOT CONSTANT) :m

¥ b *
oK K SRR MR R AR AR N K A A KK K K K 2K 8 ok oK oK o o 2k 3 S a3 ok e o o o o K 5 KN K KRR KR oK

IMPLICLT REALXGCA-M,0-2)
ITRTEGER TNB

10!?[}’!:?{?(:)[)(;;.‘:1‘“1‘\( D, XC(, YC(1), ZC(ty, PMXCL), PMY(1), PMZCL)
COMMON /GRS, RC/CRDB/YC/CRDG/ZC/S0U1/RA/S8OU2/D/RS/ TR, JUST

WIITE (6, §)

FORMAT (/,' RFEAD IN APPROX VALUER FOR FARTH ORIENTATION ‘¢ THERE
1 SHOULD BE 8%~ STEPS) OF PARAMETEIS'/' FORMAT : ‘I'WO POLAR MOTION
SCOMPONENTE 1N MISTERS® 2 BARTH ROTATION IN SECONDS OF TIMFE®)

READ (8,%) (PMXGD ,J=1, ISTT) (PMY(J) , Jo £, ISTD) , (PMZ(J) , J= 1, ISTT)

WILTE (7. 2) (l’MX(J) J=l IST1)

FORMAT (/.79X,°* APPROXIMATE VALUES FOR FARTH ORIENTATION //QIIX. ‘STEP
.'u's. .U}fk)?'l'rl’&!' J0X, 'STEP3' ,BX, 'STEP4' 711X, ' PMX* , 1X, ' (METERS) * , X, 4(F

WRITE (7,3) (PMYCT) ,J=1, ISTT

FORMAT (11X, 'PMY’, I1X, ' (METERS) ', 8X,4(F8.3,2X))

WII'TY, (7,4) (l’l‘M(J) Jei, IS8T

PORMAT (711X, PMZ*, iX, * (SECONDS) * , 2X, 4(F8.8,2X))

WILUTE (6,06)

FORMAT (/7 ENTER TINY INTERVAL BETWEEN OBSERVATIONS C(IN MINUTES) *
1/ INPUT O 1II' TIME INCLRVALS NOT REGULARY

READ (85,%) DT

Nr=PT/60. DO

WIIUTE (6,6

FORMAT (//’ PRESS 1 ~ THEN RETERN')

READ (3, %) MOM

IFCICONE.FQ. 0 GO TO 7
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[+ oS00 lrlvivie]

rlriel

jelelete

12

10
4

18

16
17

%H}HD INPUT FILES IF RE-RUNNING PROGRAN
CALL P‘I\Aﬂl‘}
CALL ROME

WRITE (6,R)
CHANGE FORMAT IF MAXIMUM #(6) OF BABBLI INCREASED

FOIMAT (7 CHOUBE ONE FILE PER BABKLINE'/' AVAILABLE FILE NUMBERS

13 10-10 RBTART WITH 10°)

WYRITE (6,)0)

FOIMAT (/' ENTER OUTPUT FILES*)

READ (8,%) CIFILECD) ,J=t,TND)

DO (1 Jui, TND

CHANGE L¥ MAXIMUM #(6) OF RBARFLINFS INCRFASED
tl:g&}l:rl‘hﬁ(d) LT, 10,0R. IFILEC()) .CT. 13) GO0 10 9

IFCICODE.EG,0) GO TO 10
PO 12 1=1,TND
NUMsIPILEC D)

REVIND NUM

CONTINUE

OPTION TO ENTER OBBLIWATIONS AT TEIMINAL OR FROM FiILE
1. JFLAG=Y : FROM TERMINA)

2. IFLAGx2 : FROM FILE 9
WILI'TE (6, 14)

FOUMAT (/° IF_YOU WISH TO ENTER DATA AT TERMINAL, INPUT TERN'/’
1YOU HAVE STORED OBSERVATION SCHEDULE DATA ON FILE. INPUT FILE")

READ (3,17) GG

TFCQG. NV XFRM, AND, GG, NE. XILE) GO TO 18
IF(GG, EQ, XERM)  1FLAG# |

FFOGG, EQ. XILE) 1FLAG=2

OPTION ¢t 11ABS=0 STNULATE ODSERVATIOMS BLERY DT MINUTES
IPASSx0 IPASS=1 SINULATE ORSERVATIONS A UNEVEN INTERVALS
=

WRRITE (6,10

FORNAT (* Am‘. OBSFERVATIONS AT UNEVEN INTERVALS OF TIME')
READ (§,17) GG

LAST OBSERVATION SHOULD BE CREATER THAN TF IF JPASS=|
IF(GG. Q. XFR) TPASS= 1

OPTION : 1FRNG=0 ~ STMULATE DELAYS ONLY
LIHNG= 0 IFRNG=1 ~ SIMULATE DELAY RATES 100
‘i \: ]

FING0 Do
WRITE (6, 16)

rownsr ¢! DO YOU WISIL 10 SINULATE DELAY RATES®)
READ (6, 17)

FORMAT (Ad)

LPCH, K, XES)  LIFRNG= 1

T ¢ TIME COUNTER

(J : STEP COUNTER

1. + BASELINE COUNTER
=20, D0

1)=0

L=0

CALL ERASE

CALL HOMF,

CALL ANMODE

ll‘!;l)ﬂ‘r‘l | FARTH ORIENTATION STEP

= )4

CHANGE, UNLTS OF FARTH ORTENTATION VALUFES FOR TRE 1J TR STEP
PMi=PHR( 1.5) Z/ERAD

PRE=PMYC L) Z7LRAD
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PMO= PMZ( 1) % (5, DO/ 206203, DO s
SIS 1)) fM
19 m-r aT, 'm 0 TO AN
| IFCIPASS, EQ. {, AND, lJ GT.1) GO TO 31 SN
c INCIEABE uasm.mu COUNTER 8M
20 1sl+} sM
!k uu..m TAD) GO 'm ) SN
’l'(l..(.‘!‘. 1) GO TO 9 SM
IF(T,EQ,0.D0, 0N, lrl..Ao EQ.2) €O 70 32 sM
| CALL ElASE &M
CALL). HOMF. B8M
» g CGALL ANwoDE o
c WRITF. PREVIOUR ORSERVATION ON SCREEN sM
m. (6,21) K, IROUR, MIN BN
21 FOIMAT ¢ TH, mwvums ORSERVATION WAS 1°/* QUARAR =*,18,2X,° ROUR SM
| c 1 =*,18,2X,' MIN =*,18//) 2{,‘
28 IFCIPASR.FQ. 1) GO TO 26 8M
J ¢ IF( IFLAG,EQ.2) GO TO 28 ﬁ{,‘
€ ENTER mmmn NUMBER SN
26 WRITE ( SM
24 m\\%m(n (ux.;{uuousu NEXT OBSEPVATION' /BX, * INPUT #QUASAR®) gg
A n
C cnmmc IF MAXIMUM #(12) OF QUASAIRS INCREANED SN
IFCK.CT. 1) GO TO 24 SM
CO TO 31 sM
28 READ (9,%) K SM
o TO 31 SM
c SN
26  1FCLFLAG, EQ.2) GO 10 29 KM
¢ ENTER mmsm AND FPOCH OF OBSFRVATION sM
27 WRITE (6,20) BM
20 ‘n;gﬁm (5X, 'CHOUSE OBSERVATION SCHEDULE’/8X,* INPUT #QUASAR HOUR M g;{
READ (5,%) K, LHOUR, MIN SM
C CHANGE 1F MAXINUM #¢ 12) OF QUASARS INCREASED SM
IF(K,CT, 12) GO TO 27 SM
0 TO 80 SM
29  IFCP.GE.TF) GO 10 97 8N
READ (9,*%) K, IHOUR, MIN 8M i
H 1) Ts DEFLOATC 1 HOUR) +MIN/6O, DO SM
c IFCT.GT.8T) GO TO 18 gg
¢ CALCULATE 'TRICONOMETRIC MEMBERS OF OBSERVATIONS 8M
81 Ch=NCOKIN(K)) 8M
SD=DSIN(D(K)) SN
Y 12 ONGRT+'THO+ PH3XCONV SM
Y22 Y1 ~RACK) sM
CKI'= DCOS( Y2) SM
d SKP=DSINCY2) S;{
¢ DELAY OBSERVADLE S 1MULATION , SM
32 PSE-XC(1) %(ODKCKP+PM1X8D) +YCOL) % CHESKP+PM2%8D) ~ZC( LY %( SD~PMIRCD¥C 8M
LKP=PM2xCDuSKDP) NM
. LFCLFING . NE, 1) GO 1O 3% :;}
C DELAY RATE ODSERVADLE 8 IMULAT LON SM
¢ FIRNG 18 DERIVATIVE OF DELAY W.R.T. TIME (METERS/HOUR) SN
¢ FRNG> OMGHCDH ¢ XC( L) #SKP+YC( L) #CKP~ZC( L) % PM{I*SKI'-PM2%CKP) ) zg
G SPGRE S TMULATED OBSERVATIONS ON UNITS 10-14 SM
88 IFCIPASS,FQ, 1) CO TO 84 SM
HIOUR= IDINTCT) SM
TMIN=T~ HOUR SM
TMIN=TMIN%60 , DO+0, 0000 1D SH
MIN= LDINTCIMEN) SM
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IF(MIN,KZ,00) GO TO 84 sM 2000
MINEMIN-00 SM 2040
THOUR® |HOURY ) SM 2050

a4  NUMxIFILECL) SM 2060
WII'EE (NUM, 88) L, K, IHOUR, NIN, D8, FRNG ]M 2070

95 FORMAT ulé 2r20. 10) SM 2000
SM 2000

86 8M 2100
m IPASS.EQ.1) GO 70 20 8M 2110

T L+ DT SM 2120

c CUFCK POR &TRR UPDATE 8M 2180
IF(T,CE,8T) CO TO 18 SM 2140

G0 10 19 8M 2100

C 8M 2160
87  RETURN NM 2170
END SM 2100
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SUDROUTINE FLAGS (JK) | L
*m******m**********mx********m*mm****x***:*mww*****a**:**m*:*t*:*: ;g
KR ¥
;: EXPERIMENT FLAC HANDLER :::: gg
¥  READ t  FLAGI= {:DELAY IS ONLY ODSERVADLE *x pO
*k FLACI=2:ODSERVABLES ARF. DELAY AND DFIAY RATE *¥ FG
s’:‘zm FLAG1=8: DELAY RATE IS ONLY OBSERVABLE m: gg
g ;
¥ PLAG2E | t MULTT-BASELINE CONF YGURATION *% PG
P 3 FLAG2=2:ESTIMATE KSI COMPONENT OF POLAR MOTION % FG
im FLAG2=9 ESTINATE ETA COMPONENT OF POLAR MOTION %%k gg
¥ dk
K FLAG3= 1: COVARJANCE ANALYSIS ONLY kKO
kK FLAGI=2: COMPLETE LEAST SQUARES ESTIMATION :i: gg
E S 3
Nk FLAG4= [t ESTIMATE ALL » ARAMETTERS % KQ
e FLAC4=2: DELETE CLOCK PARAMETERS ** FO
ik k% FG
%% WRITE ¢ FLAG MUSSAGLS *k FC
ok *% FO
';-;ﬂt OUTPUT ¢ JK - ONE BASELINE CASY INDEX :::l.: ll;ﬁ
* v
KRR AR RRKIRA KA KR RARRHK RN AR KKK K AR IKI AR IR MIMIN IR K SQ
G
INTEGER FLAGL, FLAGZ, FLAGH, FLACA gg
COMMON /FLG/ IFLAGH,FLAGZ,FLAGS,FLAGY gg
VRITE, (6,2) FG

FORMAT (85X, 'CHOOSE EXPERIHMENT FLAGS'/Z’ £LAGL=1 ¢ DELAY IS ONLY OBS
1ERVABLE /* FLACI=2 : DFLAY RATE OBSFERVABLE INCLUDED'/* FLAGI=8 : D
2FLAY RATE IS ONLY OBSERVABLE' /' FLAG2=1 + MULTI-DASELINE EXPERIME
BN FLACZ=Z ¢ ONLY E'1TA COMPONENT OF POLAR MOTION'/' FLAG2:=3 : ON
41LY K81 CONPONENT OF POLAR MOTION'//* FLAG3=1 : COVARIANCE ANALYSBIS
8 ONLY'/' FLAG3=2 : COMPLETE LEAST SQUARES SOLUTION'//*' FLAG4=1 : A
oLL PARAMCTERS '/ FLAG4=2 : NO CLOCK PARAMETERS®//° INPUT PLAGH
7 .FLAG2,FLAG3,FLAG4")

READ PROGRAM FLACS

READ (5,%) FLAG1,FLAG2,FLAG3,FLAG4

\l\’}.l(l 'll‘lﬁd‘“% % ;" 3, Ol FLAGZ . GT, 3, Ol FLAGS , CT. 2, O, FLAG4.GT.2) GO 10 1
FOBMAT (//,12X, 'PROGBAM FLAGS')

WIITE (7,4) FLAGL, FLAGZ, ILAGY, FLAG4

FORNAT (/,9K. ‘FLAGL = *, 12/9%. *FLAGZ = ' 12/9X, 'FLAGS = ', I2/79X,'F
ILAGH = ', 12/7)

‘lnlz gNE BASELINFE. OMIT ONE POi AR MOTIOR PAR.AHETER( JK=1)
IPCILAGC2 ., 1Q. 2. OR. PLAG2 «3) JK=}

WIL'TIE FLAG MESSAGIS
IF(FLAGE . EQ. 1) WRITE
IF(FLAG1.EQ.,2) WRITE
IF(PLAGL, EQ. 8)  WILL'TE
IP(FLAG3. FQ. 1) WRITE
IF(FLAGS , EQ.2) WRITE 9

FORDAL (9K, ' ANALYSIN CLUDES ONLY THE TIME DELAY OBSERVABLE’ )
FORMAT (9%, ' ANALYSIS INCLUDES TIME DELAYSTIME DELAY RATE')
FORMAT (9X, ' ANALYS{S INCUDES ONLY DELAY RATE ODSERVADLE')
FORMAT (7,9XK, ’M)VMHAN(.!‘ ANALYS IS ONLY*)

FORMAT (/,9X, 'COMPLETE LEAST SQUARES SOLUTION')

L
1
?
t

]
6
T
8)
{

- S -
ZNNNAN
v’ Y Nt - -

WRITE (6, 1)

FORMAT (/7' PRESS t - THEN RETURN')
READ (3,%) MOM

RETURN

END
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SUDROUTINE WEIGHT (P',PB,81C,Pt) wT
Ak K K o KK K ok ek ek R A K R K K K R R KRR KRR R R KRR KRR RN g 20

ok K WT 220
el X8 ol RN ORI MK SR I HORNCORMRAOR MR AORK R R R ORI RN Rk kkoRmAIokoRRk WL 340

C

¢ *K o 00

C Hot OBSERVATION WEIGHTING NANDLER *k WI' 40

'H *K *k WT' 850

C HEs INPUT : TNB TOTAL NUMBER OF DASELINES ¥k WI' 60

Q ok I FLAG 'Ot OBSERVABLES ¥k WI 7O

G Hk RFAD t RIGH,RIGR2 PRFCISION OF DFELAY 8 DELAY RATE w% WT' 60

¢ e Pl COVARIANCE MATIRIX OF OBSERVABLES ik WL 90

] Bk *k WT' 100

' E¥N WRITE : 8ICG A PRIORY VARIANCE OF UNIT WEIGHT w WT 110

] et rn,rp WEIGHT MATRIX OF ODSERVABLES Hk W1 120

¢ ok sSI1GY, 8162 #k WT 130

()] o ok WI' 140

Cc e ourrur ¢+ 1,810 Kk WP 16O

G ok # WI' 100

C #%  OPTIONS :  DELAYS ONLY _ €% Wl AT

¢ hok DELAY RATES ONLY *% WL 180

'H Hek DELAY AND DELAY RATES #% WT' 190

Y] g kWL 264

o Fok CALLS S8P SUBROUTINES LOC,DSINV ok WP 210

M

()]

Y WT 249
IMPLICIT REAL%8(A-H,0-2) Wi 2590
INTEGER IND, 'L Wik 260
DIMENSTON PCI), PRCI), PICT1) WT 270
COMMON ~FLG- F1i, IDUMZ, IDUM3, IDUM4/BS/TREB, JUST m :‘533

c gy £

C INPUT WEIGHTING INFORMATION WT 300

)] SIGL IS TIE PRECYISION OF TIME DELAY (METERS) w1l U410

C SI1G2 I8 TUE PRECISION OF TIME DELAY BATE (METERS/ZHOUR) T 320

1 CALL, FRASE WT 8430
CALL MOME w1l 340

ALL ANMODE WT 350
WRITE (6,2) WI 869

2 FORMA'Y (3, " INPUT WEIGUTING INFORMATION' /7’ S16G1 1 PRECISION OF TI WI 470
IME DELAY IN METERS® /' 81G2 ¢ PRECISION OF TIMF DELAY RATE',' INM WI' 380
2ETERS-HOUR' , ~,*' L., 0,03 0, {08(CORRESPONDS 10 0.1 NS,0.1 P&/8)') wWI' 39¢
READ (5,%) 8S1G1,8102 W' 400

)] WI' 410
K&=TND wr 430

C 11 DELAY RATE INCLUDED DOUBLE DIMENSTONS OF WRIGHT MATRIX Wl 430
IF(F1,5Q.2) KS=KR®:2 WT' 440

c COMPUTLE » OF ELEMENTS 1IN UPPER TRIANGULAR WELIGHT MATRIX W 400
KR TNBRCTINBY 1) 22 Wi 460
WRITE (6,8) Wl 470

3 FORMAT (/7 ENPUT COVARLANCE MATRIX OF OBSERVATIONS'/* ENTER IN UPP WiI° 480
'!‘i".H. TRIANGULAR FORM COLUMNWISE - DIAGONAL ELEMENTS SCALED TO UNITY' WT 490

2) Wi 500
BEAD (5,%) (PLCH), 1=1,KIL Wi 516
IF(F1.FQ.2) 60 T0'7 WT 520
IFCFLLEQ.8) GO TO 5 W 5430

¢ WT 540
¢ SCALE. FOR DELAY NOISE WI' 550
DO 4 KG=(, Kl WI' 560
4 POKE) =P 1 CKC) RS TG 1%%2 WT 570
60 10 11 WI 500
¢ WI 590 |
c SCALE. FOR DELAY RATE NOISF WT 600
5 DO 6 KC={,KR WI 610
6 POKG) = 1' 1 CKG) &8 1G2kk22 WT 620
GO TO 11 VI 630
c WI 640 ;
; DEVELOP COVARIANGE MATRIX FOR DELAYADELAY RATFS WT' 600 z
7  KR=KS#®(KS+1)/2 WI' 660
:
:
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13
14

15

DO 8 I=1,KR
P =0, N0
LJNT!NUE

11=¢
Do 10 I=1,TNB
Ilxli+d
no 9 J=i,
CALL Log’ (J 1,IT, TNB,TNB, D)
KAz 2k 1
Kis 2% I 1
KC=2:,)
KD=234 )
CALL 1.0C (KA,
CALL LOC (K,
PCEW =PICUT) %
FCIVI=P1CTIT) %
CONT1INUL
CONTINUR

INVEILI COVARIANCE MATRLIX 10 GET WEICHT MATRIX
CALL. DSINV (P,KN,0.0001, TER)

816 1IN 'l'lll" A PRIORL VARIANCE OF UNIT WEIGHT
B1G=1.D0/P(1)

SCALK WEIGUT MATRIX

DO 12 KG=1,KR

P(KG) =P(KG) #81C

PRINTOUT WRIGHTING INFORMATION

IFCTND,LE,3) GO T0 (3

CALL ERASLE

CALL HONFE

CALL ANMODE

WRI'TE (7, 14)

WRITE (6,14)

FORMAT (// l:.!x' 'WEIGHTING OF OIJSM‘VAI'IONS')

WRITYE (6, Iﬁ

WRITE (7,13)

l""i‘“‘lf’l/\'l‘ (//‘).X. WLELGAT MATIIX ~ SCALED 10 FIRST ELEMENT UNITY®)
DO 20 J=1,KS8

11=11+1

CALL L0C (J,I,IT,TND,TND, 1)

BCD =PI

CONTINUE

IPCFLCNE.2) WRITE (6,17) (PIK) K=1,11)

PO RQ.2) WRITE (1).‘“) (PR(K) , K‘ ll)

WRITE (7,19) (l’B(K) K=1,11D

IFONRMA'L (/ 9X, 617 .4)

FORMAT (QK ﬁl‘"’ 7)

FORMAT (9X, 12F7.4)

GCONTINUE

WRITE (6,21) SIQ

FORMAT ¢79X,'A PRIOR] VA '(IANGE OF UNIT WEIGHT =°,F10.6)

WRI'TE (7...’.2) S1G1,8162,516

FORMAT (~/,9%X,'TIME DEL.Y',8X,F10.08,8X, ' (METERS) ' 70X, ' DELAY RATE’,
55§ glg o;i‘)x. ' MISTERS ROV '/')X, 'A l'lu()xll VARLANCE OF UNIT WEl(vlll"
B "10. 6

WILTE (6,28)
FORMAT ¢//° PRESS | - THEN RETURN®)
READ (3,:®) MOM

CALL FRAST

CALL lomy .
CALL_ANMODE
WRITE (6,24)
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24 FORMAT (//,' IF YOU WISH TO REENTER WEICHTING DATA ENTER 2 - ',/,' WI' 1430

1 OTHERVWISE ENTER ANY OTHER NUMBER®) WT 1360
READ (3,%) MOM WT' 1870
,, IF(MON, LQ, 2) GO 10 | wI 1860
' c YT 1390
RETURN WI' 1400
END WT 1410

L T VI T P S L I T T
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SUBROUTINE FILL (A,P,VTPV1,AL,B) FL 1@
¢ *mm******M*****n:tau*mu*astsnn:n&*t*nn&tnnuntn*nu*nun ;ll: gg
Cc b1 xR
C K NORMAL MATRIX HANDLER xkx PL 40
C K ®*% FL 00
¢ £33 FILL NORMAL MATRIX IN A SEQUENTIAL MANNER ®% FL 60
c *K IN TRIANGULAR STORAGE *x FL 7o
' R *¥ F1 80
C *¥ INPUT : A cou'mmu'rlou NORMAL MATRIX AT GIVEN ** FLL. 99
¢ % EPCCH OF ALL OBSERVING STATIONS *x FL 100
] * r WE IGHT HA'I'Rlx OF OBSERVABLES *% FL 110
C KK KK 'TOTAL NUMBER OF PARAMETERS ** FL 120
' *R F1,F2 PROGRAM FLAGS ** FL 130
C *K AL MISCLOSURE VECTOR *% FL. 140
G K TNB TOTAL NUMBER OF BASELINES *% FL. 1560
C £ *x%x FL. 160
C % OUTPUT : W CONTRIBUTION TO NORMAL MATRIX ** FL 1790
C WK U CONTRIBUTION TO U=ATPL VECTOR *x FL 180
] b VIPV  CONTRIBUTION TO SUM OF RESIDUALS SQUARED *%x FL 19@
C £33 *x FIL. 200
c *K CALLS SUBROUTINE MATPV, LOC(SSP) *%x FIL. 210
C £ x% Fl. 220
G S5 SRS NS RO o k3 3 S 3 3 K R S 3K K 3K 3K R K R K A o K KK K 0 o 2 K A K R A K e Kk Kk gk %38
c 3 249
IMPLICIT REAL*8(A-I,0-2) FL 2360
INTEGER F1,F3,'TNB FL 260
DIMENSION AC1), W(1), UCD), PC1), BCD), VIPV(1), AL1(12), AL(D) FL 2ve
c COMMON /FLG/ H 1DUN2, F3, IDUM$/NTRX/W/UTRX/U-BS/TNB, KK gt '.226)13
)
KS=TNB FL. 300
IF(F1.EQ.2) KS=KS%2 FL 31¢
c CALCULATE ATP FL 020
CALL MATPV (A,P,B,KK,KS,KS,0,1) Fl. 38
11=0 FL 340
IND=1 FL. 350
DO &5 J=1,KK FL. 360
[i=1i+1 FL 376
IFCF3.EQ. 1) GO TO 2 FL 380
DO 1 JK=1,KS FL 390
CALL LOC (J.JK. I1Y,KK,KS, 0 FL 400
C ADD CONTRIBUTION 'm U= A'I'PL VECTOR FL 410
UC)) =0¢J)~BOIY) $ALCJIK) FL 42¢
1 CONTINUE FL 4360
2 DO 4 I=1,11 FL 440 ,
DO 3 Kv1,KS FL. 450 :
KZ=( K- 1) *KK FL 4690 !
C ADD CONTRIBUTION TO NORMAL MAIMIX FL 470 ]
WO IND) =W( IND) +B( [+KZ) %A( J+KZ) FL 480 f
K] CONTINUE FL 499 3;
IND= IND+ 1 FL 006 ;
4 CONTINUE FL 081¢ :
4] CONTINUE Fl. »2e@
IF(F3.EQ. 1) GO TO 6 FL 33¢
¢ FL 340
C ADD CONTRIBUTION TO SUM OF RESIDUALS SQUARED FL. 830
¢ VTPV= LTPL+XTU FL 566
()] CALCULATE LTPL IN THIS ROUTINE FL 57¢
CALL MATPV (AL,P,AL1, 1,KS,KS,0,1) FL J80
CALL MATPV (AL!,AL,VIPFV,1,KS,1,0,0) FL 596
VIPV=VITPVI+VIPV( 1) FL 600
C FL 61le
6 RETURN FL. 620
END FL 63¢
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lS‘l,ng\(llgTrl{gE PARTDR (1P, TK, DX, DY, DZ, TR,OMG,C, RO, DS, FRNG, CONV, ERAD, AL ;g
***’;C*****4‘***************‘K**************************************:* ;a
ok ¥
*: CALCULATES PARTIAL DERIVATIVES :: }:R
*

*x  INPUT OHG EARTH ROTATION RATE ** PR
L SPEED OF LIGHT *k PR
*% E’RAD MEAN EARTH RADIUS *x PR
*k CONV CONVERTS UNIVERSAL TO SIDEREAL TIME *% PR
*R DX,DY,DZ STATION COORDINATE DIFFERFNCES *% PR
*% RA,D QUASAR COORDINATES *% PR
*k IP QUASAR NUMBER *%x PR
*K DS,FRNG OBSERVED DELAY 8 DELAY RATE *% PR
¥ JK ONE BASELINE CASE INDEX *% PR
®R IJ STEP NUMBER *x PR
L2 3 NB BASELINE NUMBER ** PR
*¥ Fi1,F2,... PROGRAM FLAGS %% PR
ke T™H GST AT INITIAL EPOCH *% PR
*¥K TK EPOCH OF OBSERVATION :: };}t
R
#% OUTPUT t DSO,FRNGO THEORETICAL PARTIALS *%x PR
*¥ AL MISCLOSURE VECTOR *% PR
R PART, G DELAY & DELAY RATE PARTIALS 1‘: ;ll{
£33 #*)
*% OPTIONS : DELAYS ONLY . *% PR
®¥% DELAY RATES ONLY *% PR
*% DELAY AND DELAY RATES :: g}}
R
ek A o A K AR A Sk N K SN o S K o R SR A K S R R K SR K R o S e A 2 ok 2 AR A e R A RN A !l:ll:
IMPLICIT REAL¥8(A-H,0-7) PR
INTEGER F1,F2,F3,F4 PR
DIMENSION F¢1), G(1), X(1), Y(1), Z(1), RACL), DC1), AL(Y) PR
COMMON /FLG/ F1,F2,F3,F4/PDR1/F/PDR2/G/SOU1/RA/SOU2/D ;”ﬁ
COMPUTE TRIGONOMETRIC MEMBERS OF PARTIAL DERIVATIVES PR
CD=DCOS(D( IP)) PR
SD=DSIN(D(IP)) PR
Y 1= OMGXTK+TH PR
Y2=YI~RACIP} PR
CKP=1COS(Y2) PR
SKP=DSIN(Y2) ]l:ll:
IF(F1.EQ.3) 60 TO § ;R
COMPUTE PARTIAL DERIVATIVES IP;%
TAU PARTIAL DERIVATIVE PR
F(1)=~CD*CKP PR
EPSILON PARTIAL DERIVATIVE PR
F{2) =CD*SKP PR
SIGMA PARTIAL DERIVATIVE PR
F(3)=-SD PR
EXP= { DX¥SKP+DY*CKP) %CD PR
IF(IJ.EQ. 1) 60 TO 3 ::}l
R
SKIP EARTH ORIENTATION PARAMETERS FOR FIRST STEP PR
TO PROVIDE INITIAL ORIENTATION OF BASELINE PR
POLAR MOTION DIFFERENCES PARTIAL DERIVATIVES PR
SKIF ETA IF F2=3 PR
IF(F2,EQ.3) GO TO 1 PR
KS1 COMPONENT PR
F(4) =-DX¥%SD+DZ+CD:CKP PR
F(4)=F(4)/ERAD PR
SKIP KS1 IF F2=22 PR
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IFLF2.EQ.2) GO TO 2
ETA COMPONENT
F(5) =DYxSD+ DZ*CD*SKP
F8~-JK)*F(3) /E
UT1-U10¢ PART!AL DERIVATIVE
F(6) = CONVXEXP
CHANGE UNI'TS T0 MILLISECONDS
F(6~JK) = 13, DO*F(6) 7( 1006. DOXRO)

DECLINATIONS

F(7) % ( DX¥CKP~DYXSKP) %SD~DZ*CD
‘ F(?=-JK)=F(7) /RO

RIGHT ASCENSION DIFFERENCES
F(8) =~EXP

F(8~JK)=*F(83) /RO

SKIP CLOCK PARANF'I'ERS IF F4=2
IF(F4.LQ.2) GO TO

(F‘%gc,l](KOFFSET PAR['IAL DERIVATIVE
CLOCK RATE PARTIAL DERIVATIVE
F(10-JK) »CxTK

SKIP DELAY RATES IF Fl=1
4 IF(F1.EQ.1) GO 10 9

DELAY RA'I'E PARTIALS
5 OM(= OMG*CD

TAU
G( 1) =OMC*SKP
EPSILON
G(2) = OMC*CKP
SIGMA
G(3)=0,D0
EXT= ¢ DX%CKP~DY*SKP) *OMC
IFC1J.EQ.1) GO TO 8
IF(F2.EQ.3) GO T0 6

POLAR MOTION DIFFERENCES
K81 COMPONENT
(4) =-~OMCHDZXSKP
G(4) =G{4) /ERAD
IFMF2.EQ.2) GO M0 7
’ Cc ETA COMPONENT
6 G(5) =0MCKkDZRCKP
G(5~JK) =G(5) /ERAD
c UT1-UTC DIFFERENCES
7 CG{ 6) = CONVHKEXT+ONG
LV CHANGE UNI'TS TO MILLISECONDS
C
C

v}
-

o O 6 0N
@ »

0S8 _an o6 6 G a6

[vielv]

G(6~JK) =G{6) 7 (3600, D0%1000.D0O)

DECLINATIONS
8 G(7) =-OMGHSDK ( DX¥SKP+DY*CKP)
G(7~JR)=G{7) 7RO
C RIGHT ASCENSION DIFFERENCES
G(8) =~-EXT
G(8-JK) =G(8) /RO
IF(F4.EQ.2) GO TO 9

CLOCK OFFSET DIFFERENCES
G(9-JK) =0. DO

CLOCK RATE DIFFERENCES
G(10~JK) =C

RETURN IF COVARIANCE ANALYSIS ONLY
IF(F3L.EQ. 1) GO TO 12

COMPVITE APPROXIMATE VALUE OF OBSERVATION

on a oo

06
©
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NC=NB
IF(F1.EQ.1,0R.F1.EQ.2) GO TO 10
NC=NC-1

GO To 11
DSO= - DXKCIKCKP+DYXCD*SKP~-DZ*SD

CALCULATE MISCLOSURES
IF(Ft.EQ.2) NC=2xNB-1
AL(NC) = DSO~-DS
IF(F1.EQ. 1) GO TO 12
FRNGO= OMCx( DX¥SKP+DY*CKP)
AL(NC+ 1) *FRNGO~FRNG

RETURN
END
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SUBROUTINE AMATR CNB, IP, IM,STEP,NSTEPS, JK, IPFI1X)

A0 003 3 0 0 0 N G R S 0 3 20 0 00 0 R 0 6 00 300 30830 0 306 0 A 0 36 2 9 0 0 2 a2 A i ol e K

AM
AM
*K K AM
K DESIGN MATRIX HANDLER ®x AM
*k xx AM
%% INFUT : NB NUMBER OF BASELINE *% AM
E T TNB TOTAL NUMBER OF BASELINES x*% AM
®K 1P QUASAR NUMBER x% AM
WK KX TYTAL NUMBER OF Pmmm:m *% AM
*% M TUTAL NUMBER OF QUAS x%x AM
K STEP EARTH ORIENTATION S'ml' NUMBER *% AM
KK NSTEPS TOTAL NUMBER OF STEPS *x% AM
*w JK ONE BASELINE CASE INDEX *% AM
P IPFIX QUASAR OF FIXED RIGHT ASCENSION *% AM
ET ] F1,F2,F4 PROCGRAM FLAGS *x%x AM
z* F.G PARTIALS OF DELAY 8 DELAY RATE xR m
* K
*% OUTPUT : A OBSERVATION CONTRIBUTION TO A - MATRIX | *x m
E *K
¥k OPTIONS DLLAYB ONLY *% AM
¥ DELAY AND DELAY RATES K ga
oK £33
S AR 3K 2 S AR K 0K 2 SR 2K KK K SR K SR 3 S K K R K K KKK SR S 3 3R K o 3 oK ok Aﬂ
A
IMPLICIT REAL%G(A-H,0~Z) AM
INTECER TNB,FI1.¥F2,F4,8TEP AM
DIMENSION F(1), G(D, AC1) AM
CUMMON /FLG/ F!,F2, IDUM3.F4/PDR1/F/PDR2/G/ATRX/A/BS/TNB, KK ‘m
DELAYS AM
TAU EPSILON S1GMA AM
JUIsIR(NB-1)+1 AM
DO 1 1J=1,8 AM
ACTJDI=FC1D) AM
Ji=Ji+1 AM
CONTINUE AM
J2=3%TNB AM
SKIPF EARTH ORIENTATION PARAMETERS FOR FIRST STEP AM
TO PROVIDE REI'ERENCE ORIENTATION AM
IF(STEP.EQ, 1) GO TO 3 AM
POLAR MOTION COMPONENT DIFFERENCES AM
JO=J2+8TEP~1 AM
ACIB) =F (4 AM
IF(F2.EQ.2.0R.F2.EQ.3) GO TO 2 AM
ACJ3+NSTEPS-1) =1 (3) AM
J4=2 J2+ (2~ JK) kNSTEPS+STEP~-( 3~ JK) AM
UT1 DIFFERENCE AM
ACJ4) =F(6~-JK) AM
DECLINATIONS AM
JO=J2+( 3~ JK) X(NSTEFS~1)+1P AM
ACIB)Y =F(7-JK) AM
IF REFERENCE QUASAR DO NOT FILL DESICN MATRIX AM
TO PROVIDE RIGHT ASCENSION ORIGIN AM
IFCIP.EQ, IPFIX) GO TO 4 AM
Jo=J0+ 1M AM
IFCIP.GT. IPFIX) J6=J6~1 AM
RIGHT ASCENSION DIFFERENCES AM
ACJ6)=F(8-JK) AM
1IMF4.EQ.2) GO TO D AM
JT2J2+ (3= JK) *(NSTEPS~1) +2% IM+2%( NB-1) AM
JB=JT+ 1 ANM
CLOCK OFFSET DIFFERENCES AM
ACI?)=F(9~JK) AM
CLOCK RATE DIFFERENCES AM
ACIBY=F(10-JK) AM
1ML EQ. D) GO TO 10 AM
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DELAY RATES
JISGR(NB-1)+1

DO 6 1J=1,8

ACJ1+KK) =6 1)

JixJ 141

CONTINUE .

IF(STEP,EQ. 1) GO T0 8
ACJS+KK) = G( 4)
IF(F2.EQ.2.0R.F2,EQ.8) CO TO 7
A(JB+NSTEPS- 1+KK) xG(8)
ACJ4+KK) = G( 6=JK)
ACJB+KK) 2 G( 7-JK)

IFCIP.EQ. IPFIX) GO TO 9
A(J6+KK) = G( 8=JK)

IF(F4.EQ.2) GO TO 10
AJT+KK) = G(9-JK)

A( JB+KK) =G( 10~JK)

RETURN
END
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SUBROUTINE FAMTR (NB, IP, IM,STEP, RETEPS, JK, IPFIX)
***wmmmm*mmmm*m***:*******m***um*tatur&t*ns:m&*mt&m&a;xmt*m**m**z*
K

*: DESIGN MATRIX HANDLER FOR DELAY RATE PARTIALS ::
»

Xk SEE SUBROUTINL: AMATR FOR DETAILS K

L 3] L3
52 0 e 2 0 3 K S KSR K 0K A ISR SR K 00 2000 0K 20 0 S 0 0 30 N 3 3 2 K K O

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

INTFGER TNB,F2,F4,8TEP

DIMENSION G(1), ACD)

COMMON /FLG~ IDUMt,¥2, IDUMB,F4/PDRIL/DUM( 1) /PDR2/C/ATRX/A/B8/TNB, KK

BIGMA,CLOCK OFFSET PARAMETERS NOT ESTIMABLE

TAU EPSILON

JIn2x(NB-1)+1

DO 1 1Jx1,2

AT =G L)

JisJ i+

CONTINUE

J2e 23'TND

EARTH ORIENTATION PARAHETERS
IMNSTEP,EQ. 1) GO TO 8
J3%J24+RTEP~ )

K81 COMPONENT

ACIB) =G(4)

IFCF2,EQ,2,0R. F2.EQ.3) GO T0 2
ETA COMPONENT
ACJA+NBTERPS- 1) =G(5)

J4r J24 (2~ JK) RNSTEPS+STER-( 3~JK)
UTe~UT1

ACJ4) =G 6~JK)

IFCIP.EG. IPFIX) GO TO 4

JB =24+ (3~ JK) ® NSTEPS~ 1)+ 1P
IFCIP,GT, IPFIX) J5=J3~1
DECLINATION DIFFERENCES
ALIB) =2 C(T=JK)

J6=134 [M~1

RIGHT ASCENSION DIFFERENCES

AL J6)Y=G(B~JK)

IFCF4.EQ.2) GO TO 5

CLOCK RATE DIFFERENCES

J7EJ24+ (3=JK) k( NSTEPS= 1) +2% ( IM~1)+NB
ACIT)2GC10~JK)

RETURN
END
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SUBMUTIN! SOLVE (#1G3,CORR, XX, IR, NFTEPS, DIST, B, DN, KN, VTPV], ICOUNT SL

******‘****kllﬁ**l*!**#*lﬂ###**li*ltlll*l*‘*.lI*tﬁ#tﬁ‘l*“***#ﬁttl
Ll

:: LEAST SQUARES ESTIMATION HANDLER
*x [NPUT ¢ XC,YC,Z0 BAOI:LINE COMPONENTS

xR N COMPLETE NORMAL MATRIX

x% [{] com'wm ATPL

T ] VIPVI L. CONTRIBUTION TO VIPV
»*u 8162 I\IOI!I VARJANCE OF UNIT WEIGET
L3 DIST BABIBLINE msmucm

] KK TOTAL NUMBER OF PARAMETERS
314 M 101al. NUMBER or QUASARS

K TNB TOTAL NUMBER OF BASELINES

£33 NSTEPS TOTAL NUHBER OF BTEPS

bd 3 Fl.uo PROGRANM ¥

:: 1COUNT TOTAL ummm or OBSERVATIONS
¥ WRITE ¢ l'; NORMAL 8 COVARIANCE MATRIX

o M BASELINE, VARIANCE 8 COVARIANCES
PARAMETRS

*w CORR CORRELATION MATRIX OF

L2 VIPV SUM OF RESIDUALS SQUARED

*% SIG2H A POSTERIORI VARIAN“E Olr UNIT VEIGHT
*K XX CORRECTION TO APPROXIMATE PARAMETERS
xR EIG EIGENVALUES OF COVMHANCB MATRIX

L2 ]

2 CALLS SSP ROUTINES : DSINV,DEIGEN,LOC

%k CALLS SUBROUTINES STODLST

xR
AR NN AN K KKK 3 K K S AR N IR AR I K R AR KRR K

IMPLICIT REAL*8(A-R,L~Z)
INTEGER TNB,F1,F2, F3,F4, NSTE

DIMENSION XG(1), YG(I), ZC(I). DIST(1), EMC1), DMC1), BCD), NC1),

1CORRC L), UL1), XX(1)

COMMON /FLG/ F1,F2,¥3,F4/CRD4/XC/CRDS/YC/CRD6/ZC/NTRX/N/UTRX/U/BS/

I''NB, KK

PRINT NUMBER OF OBSiRVATIONS

DOUBLE OBSERVATIONS 1F DELAY RATE INCLUDED
IF(F1.LQ.2) lGOUN’l" ICOUNT*2

WRITE (?7,1) ICOU

FORMAT (//12X, "l‘llh NUMBER OF OBSERVATIONS =', I4)

a{:}%ﬂﬂ:ﬂ’ NORMAL MATRIX
FOI\HAT (llll 12X, ' NORMAL MATRIX')

CALL L0C' (J, 1, IT,KK,KK, 1)

CONTINUE

WRITE (7,4) J,(CORR(K) ,K=1,11)
FORMAT (/,BX,12,', *,(T10,12F9.2))
CONTINUE

INVERT NORMAL MATRIX

ONLY UPPER TRIANGULAR PART I8 NEEDED

CALL DSINV (N,KK,0.0001, IER)

5{::!{;0?;‘ VI’\RIANLL-COVARlANCE MATRIX (UNSCALED)

I'l‘(l)il.:,lli'l' ( illl o 12X, ' VARIANCE-COVARIANCE MATRIX (UNSCALED)')
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16
18

19

20

D(l’ "], KK

I
Do 7 1e1,11

CALL LoC'(J, I, IT,KK,KK, 1)
Pt TR

CONTINUE

WMITE (7, .8 J; (CORR(KD K= 1, 1 1)
FORRAT X 1 oMK e! l:m 8)
CoRTTavE "

—

9.J
=11+
v 1

COMPUTE AND LIST STANDARD DEVIA'I‘)IORI (A PRIORD)

CALL STDLST (8162,NSTEPS, IM, XX, 1

IF DELAY RATE~-D 4%‘1‘3?03 NOT ESTIMABLE

IF(F1.EQ.8)

COMPUTE DISTANCE COVARIANCE MATRIX
JrUxTRE*TND
DO 10 Ix1,J
EM( 1) *0. DO
B =o,.be
JL»O%TNB
DY 11 K«1,TNB
JKe O (K~ 1) k(U TN+ 1) + 1
COMPUTE ERROR PROPAGATION PARTIALS
BOJK) = XGCK) /D IST(X)
BOJK+ 1) = YC(K) /DIBT(K)
B(JK+2) »2C( K) /DIST(K)
CONTINUE
1B82= TNB*TND
DO 12 I=1,1D2
DMCI1)=0. DO
DO 18 I=1,TND
135 C 1~ 1) %JL
DO 14 K«1,JL
12= 13+K
DO 18 J=1,JL
l:LL Lgc (J K, I KK, KK, 1)
&
EM( IQ)*FH( 12)+BC 14) x1i¢ [R)*S1G2
CONTIN
CONTINUE
CONTINUE
K3

J22K2+J

DMCKS) = HM(K3) +EM(J 1) xBCJZ)
CONTINUE

CONTINUE

CONTINUE

CALL ERASE

CALL HOMF,

CALL ANMODE

WRITE (7, 19)

FORMAT C(1H1, /77, 12X, ' DISTANCE COVARIANCE MATRIX'/)

no 22 I=1,TNB
DO 20 J=1, 'l'NB

CALI, LOC ¢t,J, TR, TNB, TNB,0)

CHANGE UNl'lS TO CENTIMETERS SQUARED

CORRCT) =DMC IR) # 10000, DO
CONTINUE
WRITE (7,21) (CORR(K) ,X=1,1TNB)
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FONIAT (IBX.GI‘IO 8)

CONnT

PR!RT BM&LINE STANDARD DEVIATIONS
WRI 'I'E 6,20)

WRITE (7,28)

FORMAT (712X, ' BASELINE STANDARD DEVIATIONS (CIW°')
82:,?;”:..56‘;'5'“‘? IR, TNB, TN, @)

CHANGE UNITS TO CEN i 'ri:m

BSTD* DEQRT( DMC 1R) ) % 160, DO

'Bs'm
PORMAT (. (12X, 12,° ., 1X,F9,8)
COMPUTE nwmum CORMELATION MATRIX
VRITE (7. 26)
a;clmm'r (/77 , 12X, * BASELINE CORRELATION MATRIX*)
]
DO 29 I=1,TNB

DO 27 Jsi, il

CALL LOG (1,1, IR, TNB,THB, 0)
CALL LOGC «(J,J,i8 ”(’NB.T’NB.O)
CALL LOG (I.J.l’l‘ U, TKB, 9)
CONRCS) S DMCIT) /DBQI\T( DM( 1K) ¥DMC 18) )
CORTINUE

WRITE (6,28) I, (CORR(K) K=1,1])
WRITE (7,28) l.(CORR&K) K‘iul)
FORMAT /12X, 12,", .6!"5.
1i=f]+}

CONTINUE

WRITE (6,30)
FORMAT (~//,6X,'PRESS 1 THEN RETURN')
READ (3,%) MOM

%W_"P%WTER CORRELATION MATRIX
l;(‘lll\'h\'l’ (iH1 » 10X, ' PARAMETER CORRELATION MATRIX'//)
=

LI# 1141
CONTINUE

SK1p SOLU’I‘!ON IF lN’l‘ERESTED ONLY IN COVARIANCE ARALYSIS
[F(F3.EQ. 1) GO T0 4

CALYL, ERASE

CALL HOME

CALL ANMUDE

COMPUTE CORRECTIONS ‘TO APPROXIMATE PARAMETERS
DO 36 I=1,KK

DO 36 J=§,KK

CONTINUE

CALCULATE VTPV
Virv2s=0.Dno
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DO 87 I=1,KK
VIPV2= VTPU2+-XXC 1) #UC 1)

NUE
VTPVF=VTPVI+VTPV2

CALCULATE. THE A POSTERIORI VARIANCE OF UNIT WEIGHT
SI1G2H= VIPVF/( ICOUNT-KK)

CALCYULATE A POSTERIORIZA PRIORI

SICR=SIG2H/81G2

COMPUTE 8 LIST STANDARD DEVIATIONS -~ A POSTERIORI
CALL STDLST (S81G2H,NSTEPS, IM, XX,2)

CALL ERASE
CALL HOME
CALL ANMODE

WVRITE (6,38) VIPVF

WRITE (7,38) VIPVF

FORMAT (//, 12X, 'VIPV =',D15.8)
WRITE (6,39) SIG2H

WRITE (7,49) SIG2H

FORMAT (/,12X,'A POSTERIORI VARIANCE OF UNIT WEIGHT =*,D168.8)
WRITE (6, SIGR

WRITE (7,40) SIGR

FORMAT (/, 12K, 'A POSTERIORIZA PRIORI =°',D18.8)

WRITE (6,30)

READ (5,%) MOM

CO/PUTE EI1GENVALUES OF COVARIANCE MATRIX
WRITE (7,42)

FORMAT ¢ 1H1, 18X, ' EIGENVALUES'/}

CALL DEIGEN (N,R,KK,1)

DO 44 1=1,KK

CALL LOC (1,1, IND,KK,KK, 1!

E1G=NC IND)

WRITE (7,43) EIG

FORMAT (13X,D14.3)

CONTINUE

CALL ERASE
CALL HOME
CALL ANMODE
RETURN

END

12
40)
40)
’
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SUBROUTINE. STDLST (SIG2,NSTFPS, IM, XX, ISTD) Sh 10
¢ HORIRRAIRNK KRR KRNI RN KA KRR IR ARKRK IR IR IR RN KK KRR K gg gg
C *K *XK
g *: COMPUTE 8 OUTPUT ESTIMATED STANDARD DEVIATIONS :: gg gg
|
c xk INPUT : N COVARIANCE MATRIX OF PARAMETERS %% 8D 60
c *k s162 VARIANCE OF UNIT WEIGHT xk 8D 70
c Xk Fi,.. PROGRAM FLAGS xx SD B0
c ey NSTEPS TOTAL NUMBER OF STEPS xx SD 90
C e TNB TOTAL NUMBER OF BASELINES *% SD 100
C ok KK TOTAL NUMBER OF PARAMETERS xx SD 110
C raes IM TOTAL NUMBER OF QUASARS xx SD 120
C XK XX PARAMETER CORRECTIONS VECTOR *k SD 130
g KK ISTD INDEX - A PRIORI OR A POSTERIORI STD'S :: gg }gg
£ 3
g x% WRITE : SICMA STANDARD DEVIATIONS OF PARAMETERS :: gg :gg
E 3
C **% OPTIONS : OUTPUT A PRIORI OR A POSTERIORI STANDARD DEV. *x SD 180
g K OUTPUT CORRECTIONS TO APPROXIMATE PARAMETERS :: gg égg
K
c R RRAK AT K KRR RK KKK KRR KKK KKK KIKI KWK KRRANRKKKR RN gg glg
C 2
IMPLICIT REAL®B(A-H,L~Z) SD 230
INTEGER NPARM,'INB, Fl F2 F3,F4,NSTEPS, TNP SD 240
DIMENSION N(1), XX(1 SD 286
c COMMON /NTRX/ N/BS/TNB KK/FLG/F1,F2,F3,F4 gg ggg
C STANDARD DEVIATION FUNCTION SD 280
c SC(A) =DSQRT( A*S1G2) gg %38
[
C NFARM IS THE NUMBER OF PARAMETERS COUNTER SD 310
NPARM=0 SD 820
c sD 930
IFLOW=0 SD 340
IF(S1G2.GT.1.D-10) GO TO 1 SD 450
SIGMA=0, DO SD 866
IFLOW= 1 SD 3870
c SD 380
1 CALL ERASE SD 390
CALL HOME SD 400
CALL ANMODE SD 410
C SD 420
C COMPUTE STANDARD DEVIATIONS SD 430 |
IFCISTD.FQ.2) GO TO SD 440 |
WRITE (6,2) SD 430
WRITE (7.2) SD 460
2 FORMAT ( 1H1,BX, 'STANDARD DEVIATIONS ~ A PRIORI®) SD 470
GO0 S5 SD 480 |
3 WRITE (6,4) SD 490
WRITE (7,4) SD 500
FORMAT (1H1,5X, 'STANDARD DEVIATIONS - A POSTERIORI',/,5X,'+ PARAME SD 516
{TER CORRECTIONS®) SD 820 |
¢ SD 530 i
5 IF(F1.EQ.3) GO TO 7 SD 540 |
WRITE (6,6) SD 550 ‘
WRITE (7,6) 8D 566 |
6 FORMAT (/,7X,'TAU EPSILON SIGMA (CM*) SD 570 }
l Tz rrnn*a SD 58“ J
TNP=3 SD 896 3
GO 10 9 SD 600 |
7 WRITE (6,8) SD 610 |
WRITE (7,8) SD 620 |
8 FORMAT (/,7X,'TAU EPSILON (CM) ') 8D 630 |
I''="INB*2 8D 640 |
TNP=2 S 680 }
9 1C=0 SD 660 |
i
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DO 15 I=1,TNB

WRITE (6,10) I

WRITE (7,10) I

FORMAT (9X, 'BASELINE # °*,12)
DO 14 J=1,TNP

1C= 1C+ 1

NPARM= NPARM+ 1

IF( IFLOW.FQ.1) GO TO 1

CALL LOC (IC, IG 1Q, KK.KK.I)
SI1CHA=S(N( 1@))

CHANGE UNI'TS TO CENTIMETERS
SICMA=SICMA% 100, DO
IF(ISTD,EQ.2) GO TO 12
WRITE (6,11) NPARM,SIGMA
WRITE (7,11) NPARM,SIGMA
FOR'Pll‘STl‘(‘IQX.\ 13,'.’,1X,F8.93)

X1C=XX(1C)*109.D0

WRITE (6,13) NPARM,SIGMA,XIC

WRITE (7,13) NPARM,SIGMA,XIC
FORMAT (4X,13,'.’,1X,F8.3,8X,F12.4)
CONTINUE

CONTINUE

WRITE (6,16)

FORMAT (/,7X, 'POLAR MOTION VARIATIOAS (CM)°*)
IF(F2.EQ.2) WRITE (6, 17)

IF(F2.EQ,2) WRITE (7,17

FORMAT (~/,9X, 'FIRST GOMPONENT ONLY")
IF(F2.EQ,3) WRITE (6 18

IF(F2,.EQ.3) WRITE (

F(I)‘m;!%'l‘l(/ 19X, 'SECOND COMPONENT ONLY')
T=IT+

ITM= IT+2% ( NSTEPS~1) ~ 1

1Z= I'T+C1TH-1T) 72+ 1
IF(F2.EQ.2.0R.F2.EQ.3) ITM= IT+NSTEPS-2

Do 22 I1=IT,1TH

IF(F2.5Q. 1. AND. 1,EQ, IT) WRITE (6,19)
IF(F2.EQ.1,AND. 1.EQ, IT) WRITE (7, 19)

FORMAT (9X,'I'IRST COMPONENT')
IF(F2.EQ. 1. AND, 1.EQ. IZ) WRITE (6,20)
IF(F2,FQ,.1.AND, 1.EQ, 1Z) WRITE (7,20)

FORMAT (9X, 'SECOND COMPONENT'®)
NPARM= NPARM+ 1

IFCIFLOV, EQ. l) GO To 21

CALL LOC (1,1,1Q,KK,KK, 1)

SIGMA=S( N( IQ) )

CHANGE UNITS TO CENTIMETERS

S1GMA=S1GMA% 100, D0

IFCISTD.FQ.2) GO TO 21

WAITE (6,11) NPARM,SIGMA

WRITE (7,11) NPARM,SIGMA

GO TO 22

XIC=XX( 1) %100, D0

WRITE (6, 13) NPARM,SIGMA,XIC

WRITE (7,13) NPARM,SIGMA,XIC
CONTINUE

WRITE (6,23)
WRITE (7,28)

FORMAT (/,7X, 'UTI~-UTC VARIATIONS (10%*%2 MICROSECS)’)

IT= I'TH+ 1

ITM= 1T+ NSTEPS--2

Do 28 1=IT, ITM
NPARM=NPARM* 1

IFC1IFLOW.EQ. 1) GO TO 24
CALL LOC ¢1,1,1Q,KK,KK, 1)
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SIGMA=S(N( 1Q)) , 8D 1850 |
c CHANGE UNITS ‘TO 10%x2 MICAOSECONDS sD 1860 i
SI1CMA=SICMA% 10, DO 8D 1870
IF(ISTD.EQ.2) GO TO 24 SD 1866
WRITE (6,11) NPARM,SIGMA 8D 1896
WRITE (7,11) NPARM,SICMA SD 1400
€O TO 28 SD 1410
24  XIC=XX(1)*10.D0 8D 1420
WRITE (6,13) NPARM,SIGMA,XIC SD 1430
WRITE (7,13) NPARM,SIGMA, X1C SD 1440
25  CONTINUE s) 1480
c 8D 1460
IF(F1,FQ.3) GO TO 27 SD 1470
WRITE (6,26) SD 1480
WRITE (7,26) SD 1490
26 FORMAT (/,7X,’DECLINATIONS (MILLIARCSECS)*) SD 1500
GO TO 29 8D 1510
27  WRITE (6,28) SD 1520
WRITE (7,28) sD 1530
28  FORMAT (/,7X,’'DECL. DIFFERENCES (MILLIARCSECS)®) SD 1540
29  IT=ITH+1 8D 13560 |
rrm:n‘nn— 8D 15360
IF(F1,EQ,3) ITIM<ITIM-1 SD 1870
Do 81 I=IT, ITIM s 1580 i
NPARM= NPARM+ | SD 1590 :
IF( IFLOW,EQ. |) GO TO 30 8D 1600 :
CALL LOC (T, I, 1@,KK,KK, 1) 8D 1610
SIGMA=S(N( 1)) SD 1620 4,
c CHANGE UNITS o, MILLISECONDS SD 1630 3
\ S1CMA=S IGMA% 1000, DO SD 1640 ;
‘ IFCISTD.EQ.2) GO TO 30 8D 1650 =
WRITE (6,11) NPARM,SIGMA SD 1660
! WRITE (7,11) NPARM,SICMA - 8D 1670
GO 10 31 8D 1680
80  XIC=XX(I)*1000,D0 SD 1690
WRITE (6,13) NPARM,SIGMA,XIC SD 1700
WRITE (7,13) NPARM,SIGMA,XIC sD 1710
31 CONTINUE' SD 1720
c 8D 1730
WRITE (6,32) 8D 1740
WRITE (7,82) SD 1760
32  FORMAT (/, 7X.'R.A. DIFFERENCES (MILLIARCSECS)®) SD 1760
ITM= ITIM+1 SD 1770
ITN= I'T1M+ IM- 1 SD 1780
DO 34 1= ITM, I'TN SD 1790
NPARN= NPARM#+ | SD 1800
IF( IFLOV. EQ. b co TO 3 sh 1810
CALL LoC (1,1, 1Q,KK, xx.u SD 1820 :
SIGMA=S(N( m SD 1830 :
c CHANGE UNITS TO MILLISECONDS SD 1840
SIGNA=S IGMA% 1000 . DO SD 1830
IFCISTD,EQ.2) GO TO 33 SD 1860
WRITE (6,11) NPARM,SICMA SD 1870
WRITE (7,11) NPARM,SIGMA S 1880
GO 10 34 SD 1890
33  XIC=XX(1)*1000.D0 SD 1900
WRITE (6,13) NPARM,SIGMA,XIC SD 1910
WRITE (7,13) NPARM,SIGMA,XIC SD 1920
34 CONTINUE SD 1930
c SD 1940
IF(F4.EQ.2) GO TO 45 SD 1956
IF(F1.EQ.3) GO TO 39 8D 1960
IF(NPARM. LT.42) GO T¢ 38 SD 1970
WRITE (6,46) SD 1980
READ (8,%) MOM 8D 1990
CALL ERASE SD 2006
CALL HOME SD 2010
CALL ANMODE SD 2020
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WRITE (6,36)

WRITE (7,836)

FORMAT (/ 7X, 'CLOCK OFFSET (NSECS)*)
I'TM= 3% TNB+3%( NSTEPS~ 1) +2% IM
IF(F2.EG,2,.0R.F2,EQ.8) 1TM= ITM-(NSTEPS~1)
I'TN= I TM+2%TNB~2

DO 88 1=ITM, I'TN,2

NPARM=NPARM+ 1

IFCIFLOW.EQ. 1) GO TO 87

CALL LOC (I,I,1Q,KK,KK, 1)
SIGMA=S(NCIQ))

IFCISTD.EQ,2) GO TO 87

WRITE (6.!1) NPARM, SIGMA

WRITE (7,11) NPARM,SIGMA

GO T0 38
WRITE (6,13) NPARM,SIGMA,XX(1)
WRITE (7,13) NPARM,SIGMA,XX(I)
CONTINUE

WRITE (6,40)

WRITE (7,40)

FORMAT (/ X, 'CLOGK RATE (PICOSECS/HR) *)
IF(F1.EQ.3) GO TO

IEM1= TTM+ &

I'TN1= I'TN+ 1

JJ=2

GO TO 42

TTM1= I'TN+ 1

.!’.'I,‘N{”l'l'bll'k'l'ﬂll-l

DO 44 I=1TMI1,ITN1,JJ
NPARM=NPARM+ 1

IF(IFLOW.EQ. 1) GO TO 43

CALL LOC (1,I1,1Q,KK,RX, 1)
CHAITGE, UNITS TO PICOSEGS/HR
SIGIHA=S(N(1Q)) *1000.D0

IFC ISTD.EQ.2) GO TO 43

WRITE (6,11) NFARM,SIGMA
WRITE (7,11)> NPARM,SIGMA

GO TO 44

XCI=XX(1)%1000.D0

WRITE (6,13) NPARM,SIGMA,XIC
WRITE (7,13) NPARM,SIGMA,XIC
CONTINUE

WRITE (6,46)
FORMAT (//6X, 'PRESS 1 THEN RETURN’)
READ (5,%) MOM

RETURN
END
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SUBROUTINE RAD ¢ IDEG,MIN,SEC, ANGLE,P1)
AR A A N KON MR AR K 23 3K R KR AR A KR T O W N e K K K o Ok K

£33 x
e CONVERTS ANGLE IN DEGREES,MINUTES,SECONDS TO RADIANS ::
*N

AR RAR KA R KN UK TARIRAR A AR RN A KA ARACNOR NN A A K 2 e 2 K ko
IMPLICIT REALXB(A-H,0-2)
C=0,.10

A=SEC/8600 ., DO
B=MIN/60 .10
LFCIDEG.LT. @) Gxa+Y- IDEG
P
1FC [DEG. CE.0) CxA+B+ IDEC
ANGLE®C
ANGLE= ANGLEXP 1/ 180. D0
RETURN
END
SUBROUTINE, DEGMS ( ANGLE, P1, IDEG, MIN, SEC)
050N IO N BN R O NS KK KK DK S0 K S 2 R S R 0 N 20 2 2 2 30 0 3 o 2 K K
KK b3
K CONVENTS ANGLE IN RADIANS TO DECREES, MINUTES,SECONDS K
E+ x
30 S0 AR R 0 3K K KK K3 0 2K B N K 3 0 0 3 306 3 20 N 3 00 3 0 N6 3 N O K KK

IMPLICIT REALX8(A-N,0-2)
ANGLE=ANGLEX 180, D0/P1
IDEG= IDINT( ANGLID

A= DFLOAT( IDEG)

Co ANGLE~A

C=Cx0d, DO

MIN= TDINT(C)

B= DFLOAT(MIN)

D=C-RB

SEC=Dx60, DO
DSEC=SEC~60, DO
DABSEC= DABS( DSEC)
IF(DABSEC.CT.1.D~9) GO TO 1
SEC=0, DO

MIN=MIN+1

CONTINUE

IFCMIN.LT.60) GO TO 2
MIN=MIN-60

1DEG= I1DEG+ 1

CONTINUE
ANGLE=ANGLE*P 17180, D0
RETURN

END
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SUBROUTINE MATPV (A,B,C,NRA,NCA,NCB, MTA, MTB)
SRR KRN KR I AN K KR KRN K KKK RI KK IR AR R IR RN AR WK
i

W
RN MATRIX MULTIPLICATION - GENERAL OR TRIANGULAR S8TORAGE ::
:: CALLS SUBROUTINE LOC(SSP) ::
SRR AN A A A AR NN 2K K KR AR R AR AR I AR AR AN AR A Ak

MI=6 MATRIX IN GENERAL STORAGE
MT=1 MATRIX IN TRIANGULAR STORAGE (SYMMETRIC)

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION AC1), B(1), C(1)
Do 3 lﬁl.

DO 2 K=

GALL LOG (l K. IT, NRA, NCB, 0)
C(IM=0.D0

Do 1 J=1,KCA

CALL LOGC ¢I,J, IR,NRA,NCA, MTA)
CALL LOC (J,K, IS, NCA, NCB, MTB)
CUIT) =C( I'T)+AC TR) %B( 18)

SUBROUTINE LOC (I,J,IR,N, M, M9)

*‘k**-X‘k.%**********************************M************t**********
b3 *K
Ak SSP SUBROUTINE - MATRIX STORAGE MANIPULATOR x%

*R L2 S
KRR KN ACK KA HA KK R K KA K AR AR AN N AN IR AR A K A AN Ao e KKk X
IMPII..IG IT REALX8(A-H,0~2)

IFCIN-JX) 3,4,4
IRX= lX+(JX*JX~JX)/"

GO TO 7
lllX=JX+( IX¥IX-1X) /72
GO '!‘()

IRX=0
IFCIX-JX) 7,6,7
IRX=1X
TR= IRX
RETURN
END
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SUBROUTINE FRAME (X, ISX, 1Y, IBY)
FRAMES A SCREEN WINDOW

CALL MOVABS (IX, 1Y)

CALL DRWABS (X, IY+ISY)
CALL DRWABS (IX+ISX, IY+ISY)
CALL DRWABS (IX+ISX,1Y)
CALL DRWABS (IX,1Y)

SUBROUTINE UNITS (A,B,DX,DY)
CONVERTS CENTIMETERS TO VIRTUAL COORDINATES

IX=KCMCA)
1Y=KCM(B)
DX=FLOAT( 1X)
DY=FLOAT( 1Y)

END
SUBROUTINE RECT (DX, DY, D)

DRAV A SQUARE WITH CENTER AT DX,DY
CD - LENGTH OF SIDE

DS=KCM(D)

CALL UNITS (DX,DY,S,T)

CALL MOVEA (S, T)
S=D8/2.

CALL MOVER (-8,-S)

CALL DRAWR (DS,0.)

CALL DRAWR (0.,DS)

CALL DRAWR (-DS,0.)

i
SUBROUTINE EQUITR (DX,DY,D)

DRAV AN EQUILATERAL TRIANGLE WITH CENTROID AT DX,DY
CD - LENGTH OF TRIANGLE LEG

PI=3.14

DS=KCM(D)

CALL UNITS (DX,DY,S8,T)
CALL MOVEA (S,

88=, 433%DS

CALL MOVER (0. ,-SS)
CALL MOVER (-DS-2,,0,)
CALL DRAWR (DS,0.)
ANGLE=P /3,

X=COB( ANGLE) xS
Y=SINCANGLE) kDS

CALL DRAWR ( "Xo Y)

CALL DRAVWR (~X,~-Y)

glgguml
SUBROUTINE CIRCLE (DX,DY,RS)

DRAVW A CIRCLE WI'TH CENTER AT DX,DY
RS ~ RADIUS OF CIRCLE
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Pi=g. 14

ReKCM(RS)

CALL UNITS (DX,DY,8,T)
CALL MOVEA (S,T)

CALL MOVER (0.,R)
C=2. %P LxR+ 1

JeC

AA=1,/R

DO 1 I=1,J

As IXAA

X=RxSINCA)
Y=RxCOS(A)

CALL DRAWA (S+X,T-Y)
CONTINUE

RETURN
LND
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APPENDIX B

VIP SAMPLE RUN

B.1l Introduction

A VIP sample run is presented in section B.2 to familiarize the
user with the interactive mode of operation and to illustrate some of
VIP's capabilities. This two-experiment session 1s listed screen by
screen (some are combined on one page to conserve paper) as viewed by
the user and reproduced by the Tektronix hard copy unit. The entire
session is presented from LOGON to LOGOFF. Section B.3 includes addi-
tional output obtained by the user from the line printer (or VERSATEC)
at the end of the session to serve as a record of that particular run,

Experiments 1 and 2 address the question of observation corre-
lations as discussed in section 3.2.6 and 4.3. As mentioned there, in
an N-station configuration there are (N)(N-1)/2 baselines (and thus the
same number of possible delay observations) but of tliose only N-1 inde-
pendent ones. In Experiment 1, a covariance analysis is performed on a
4-station network for the parameters described in section 3.2.3. Obser-
vations from 3 independent baselines are considered, thelr correlations
determined according to the model of section 3.2.6. In Experiment 2,
the same observation schedule is followed but all 6 possible baselines
are included. 1In this case, though, a diagonal observation covariance
matrix is introduced (recall that applying the correlations between all
six simultaneous observations would result in a singular observation
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covariance matrix since the observations are linearly dependent). A
comparison of the corresponding standard deviations of both experiments
indicates a decrease in those of Experiment 2 ranging from 20-30%., The
largest differences involve the earth orientation parameters since all
baselines contribute to their estimation, in the global sense. It is
apparent that as the number of stations increases and thus, the dis-
crepancy between the total number of baselines and the number of inde-
pendent baselines, the standard deviations become more optimistic when
the correlations between simultaneous observations are neglected.

To illustrate the effects of errors in the initial orientution
of the baseline on the baseline components as explainsd in Section
3.2.3, perfect observations are simulated in each experiment. As can be
seen in B.2, errors of 10 cm are introduced into the initial orientation
of the pole and 1 ms of time in earth rotation over the first step.
Those errors cause subsequent corrections to the approximate baseline
"components" of up to 29 cm in accordance with eqs. (3.2-24).

The observation schedule and the simulated observations are
given in B.3. The analysis considers a combination of delay and delay
rate observations. The option of storing the observation schedule on
file 9 (see Table A.l) prior to the session was chosen. The schedule
was guided by two considerations:

(1) that a source be observable simultaneously (maximum zenith distance
of 80°) from all stations at a chosen epoch of observation,

(2, that the final source schedule, over the 24-hour period of the
simulations, be evenly distributed in right ascensions and declina-
tions to achieve a strong geometry, especlally to provide good
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recovery for low and high source declination-dependent parameters

[Bock, 1980].
In addition, the schedule includes consideration of antenna slew time,

cable wrap and tape constraints and was developed using a scheduling

program written by Nancy Vandenberg at GSFC. The sources were selected

from the source list obtained from the GSFC VLB1 group and can be found

in the sample run of B.2.
At the end of Experiment 2, a typical visibility matrix is dis-

played for the firsr five sources as viewed from the four participating

stations.
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B.2 A Typical Interactive Session
The following is a screen-by-screen display of Experiments 1

- and 2 from LOGON to LOGOFF.

141




S3N
don MUNa 0L HSIM NOA o4

142

NOILY1IWOD 804 ONILIUVM
S$3114 ONILYOOTIY

104" %004
- uoNSQ ¥3LIWUAd TUNOILISOd ¥3LN3

15110°8111008 33

. AQU3d

@861 ‘L1 ANUNC NO E@:82:%T LY SS3NO0Nd NI NO901 6500l
SEEEESEES <l ALIS33NINN

1535 QI IUNIWREL

BENEEE QUONSSYd

(952)3Z1S (¥ISMIM)d 6500ML &QINISN

NODOT




ON

NOISS3S 3LUNIIREL OL HSIMN NOA OO
oH

NOILO3N3S 3ININISUE ANY NOILULS 30
NOISS3S ONIMVAA dwil NNA-3d A0 MM OL HSIN NN Od

NANLIY NIHL T SS3dd 1

e

g SS3d-LAS IAISNI HOSUNS
300U ‘NINLII-T SST
SNINSE B8 S106WAS LO0T13S
9s s2 2%

é
3NIT3SYE 40 © I 33UN3
8 $ 3NIN3sva 3ISO0HD

9s002tTECY

{2
ONINAISEC LON 41 & LiNd
9 S P E ST NOILYLS

SNT1SG8 ‘SHOILVLISE NILN3
GNOWHOIN °€
Sinvd °dd °S
3NOLSAI0D °»
AINVENITRIO °E
ATIIVN SNIMO °€

qQIC4LSIN 1
NOILOTIIS NOILYLS

143

AL VAGH IS
OOR QUALITY

LR
oF p




3
e
NML3N N3HL - T SSRid

S92 8 @2 = HOOd3 WILINI iV Il WRIIAIS HOIANTIRD

00 ¢S5 €2 S22 & 6Bt
m (1) HOOJ3 TUNId
| e 6 e Ss2 ¢ w8t
| 035 NIW ¥NOH AV HINOW W34
| (1) HOOd3 IWILINI
‘0isER SR L Qhw
‘0 00 00 S2 2 6261
AYG WILINI 40 1N SAUNOH @ HOOd3 TWILINI ¥Od T
@861 ‘T NVl HOOd3 TWUNId Eowomhwn owwn h&ﬁoauwhwﬂmuuuu@%w

HOOJ3 WILINI SY AY3A YO HINON WS NI HOOd3 TUNId SSRII
SUWY3IA B0 SHINOW JNRIIIIC NI HOODI TWNISTIVILINI 41

UINNVE WITUHIS NI HOOdI TUNId NAING NIHL NINLIN SSRia
036 *NIW WNO0H * WG ‘HLNOW ‘MYIA 3 LWARC S
FWIL WSABNINN NI HOOdT WILINI FIND




W)

NINLIN NIHL T SShid
T & JNGWINIHX3 ¥0d4 SIULYNIGNOOO NOILYLS JHL v ISTHL

9S9°82IE9E2 €92°EL2T6K~ B2C°8YISPE~ SOE'1SE9822 9
¥65°SL180ST SLO°EGBIO9- EBTI°SCBESB- ©08°0T2580T S
200°SBSBE6E 2LE°SIVLSHP- 9S1°9T1202- BEL 218106E- @2

ONYLSIA 213a Al3a x13a 3NIT3sSveE
L8R IESerL2 =2 ¥iIi°Se2PLOS- + A 9LI°IESTIE = X
00°001 002°F LE 622 OET°L¥y 9E S2 aNOWHOIN 9
0SS°»e81E2E = & SBL°9STISEES- = A 629°PISKFEET- = X
00°08St 0°0 E 9se ‘e BE ot SINVad 1304 S
S5S89°2098¢t8E = Z 26S°ISEBLYPP~ = A 62F°S6S60FS- = X
e6°2L11 P2 EF P2 LB82°ES €T iE ATFTIUN SNIMNCG 2
866 2z096ey = Z 9EP°SEIBSKP- = A G6OELIS2EHT = X
or° L9 02L°22 o€ 882 81S°9y S€ 2» qao4lsan 1
Sy 935S NIW 953a 935 NIW 9d
LHOIM 3GNLIONO 3ANLILYY

SILUNIQNO0D NOILYLS ILUWIXOddIY

s
e

145




B ot

QUASAR SELECTION

APPROXIMATE SOURCE COORDINATES

RIGHT ASCENSION DECLINATION

T TR T Seiaw. T £ 17 T T S S S T S S T T T

DEG MIN

HR MIN SEC

S8s83882288R 880385032232
$$ 2888838388328

.........................
dugiegriguadvaugioinngcuyd
JYUpEopORNTTTURTITLNOD Ry
S EPLE T ERY L EFRIPTEEDR

fR3C3242%22R08R2%ANR3RER

.........................
BRECPURRAL T ARRERRITLR"IRRE
FEIRARANRARG T RVRABR"BRRE

QOOANUNAUNMMTTTOOVONFNNNOOO
) -

[s,] gmg 3 ouwe ™~ m mﬁ'§
TTorr? Nolat T T er o ReT
2:9$°§" AeiplgBhalafandd
SEROIMCRES T T Esd it Lk
MUNTNONNOSUMTNEN RO NN Y
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PRESS 1 - THEN RETURN
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B.3 Post~Session Qutput

The following information is output (on file 7) by the line
printer (or Versatec) as a record of a particular scesion. It can be
collected by the user after the termination of the session. It con-
tains all the output given in B.2 and in addition includes for each
experiment:

1. observation schedule (and optionally simulated observations)

2, the normal matrix

3. the variance~covariance matrix (unscaled)

4. the parameter correlation matrix

5. the normal matrix eigenvalues in descending oxrder.

The observation schedule and simulated observations of Experin
ment 2 are presented on the following pages. The corresponding informa-
tion for Experiment 1 is identical with those of baselines 1, 4 and 6
of Experiment 2 at each epoch of observation.

The parameter correlation matrix and normal matrix eigenvalues
of Experiment 1 are also included.* Notice that the correlations are
generally small indicating good separabillity of the parameters. The
larg st correlations (0.8 ~0.9) occur between the low-declination
sources (also between each other) and the T(AX) component of the pri-
marily east-west baseline. This follows from an examination of (3.3-4)
(in this case the AY component of the Westford-Oweng Valley baseline is

relatively small).

*
The numbering of the parameters correspond to those of the standard
deviations list given in B.2
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The ratio of maximum/minimum normal matrix elgenvalues is
approximately 10° which is typical of multi-station configurations
which are well~conditioned.

Items 2 and 3 above are not presented here.
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