SEVENTH

INTERNATIONAL WORKSHOP

ON

LASER RANGING

INSTRUMENTATION

Matera, Italy

2-8 October 1989

Edited by Christian VEILLET

OCA/CERGA
Av. Copernic ~ F06130 GRASSE - France

Cover : laser beam from Grasse LLR to the Moon over OCA Cajern observatory

‘O Veiller CNRS




A Tt A B £
i ARl T




INTRODUCTION

October 2 - 8, 1088,

If you have been attempting the meeting. you will see that the program has been
rearranged in order to make the information easier to find in the proceedings. You will

also note that some papers are missing. as this book is a compromise between a quick
publication and an exhausfive work.

Ten chapters cover most of the topics of the meeting in the following order :
- Scientific results, requirements.and goals
— International cooperation
— Station status and developments (USA. Eastern Europe, Asia, Western Europe)
~ Laser technology
- Detection
- Multiple wavelength ranging
~ Epoch and event timing
— Calibration
- Mobile systems technology
~ Reeent software developments

The conclusion summarizes the discussions held in the last technical session of the
Workshop.
help of many organisations. It is not possible to list all of them, but the participants are
very grateful to each of them for their contribution.

The publication of these proceedings has been sponsered by AERITALIA Space Sys-
tems Group, and OFFICINE GALILEO Optics and Space Division. Both these compa-

nies permitted to reduce the cost of this book.

Thanks to M. Glentzlin and the members of the Lunar Laser Ranging station staff at
OCA/CERGA for making a readable book from the received papers ..,

Ch. Veillet - March 1290
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INTERNATIONAL EUV/FUY
ATOHHIKER dE4;

Officine Galileo, leader in curope for the
attitude measurement sensors {Infrared
Earth Sensor, Sun Sensor, Star Sensor,
CCD Cameras), has startad since se-
veral years to develop a new line of
electro-optical instruments for applica-
tions in the scientific research and the
remote sensing fields.

OPTICS AND S Y

VIA A EINSTEIN 235 1 - 501
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STAR BENSOR

LAZER TELESCOPE
FOR MOBILE
STATION OF MATERA

To date the main instruments studied
are:
- Image spectrometers for remote sensg-
ing
~ Infrared radiometer for methereociogy
~ Interferometric sounders for athmos-
oheric study
UV, spectrometer for
search
Instrument for opticat diagnostic in mi-
crogravity experiments
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RESOLUTION 1

The 7th International Workshop on Laser Ranging Instrumenta-
tion meeting at Matera, Italy,

EXPRESSES great appreciation to the Italian Space Agency, to
the Matera Center for Space Geodesy, and the government of mat-
era for sponsoring and organizing this most succesful meeting.

RESOLUTION 2

The Tth International Workshop on Laser Ranging Instrumenta-
tion meeting at Matera, Italy,

RECOGNIZING the requirement for tracking of multiple low
satellites in support of ongoing or imminent satellite missions, and
the need for improved operational efficiency,

RECOMMENDS that immediate efforts be made to improve the
prediction capability and to define new hardware and procedures
for implementing multi-satelljte tracking capibility.




RESOLUTION 3

The 7th International Workshop on Laser Ranging Instrumenta-
tion meeting at Matera, Italy,

RECOGNIZING the need for a balanced global distribution of
laser ranging observations and the inadequate number of facilities
in the Southern Hemisphere,

RECOMMENDS that national agencies operating laser ranging
systems cooperate in joint effort to install, operate, and maintain
laser ranging facilities in the Southern Hemisphere.

RESOLUTION 4

The Tth International Workshop on Laser Ranging Instrumenta-
tion meeting at Matera, Italy,

RECOGNIZING the scientific need for 1 mm accuracy in satellite
and lunar laser ranging and that this capability appears feasible in
view of the technological discussions at this meeting,

RECOMMENDS that financial resources be allocated to the tech-
nical realization of these requirements.




RESOLUTION 5

The Tth International Workshop on Laser Ranging Instrumenta-
tion meeting at Matera, Italy,

WHEREAS, the SLR community is concerned with implemen-
tation of quick-look normal points and with the proliferation of
formats,

REITERATES the acceptance of the Herstmonceux normal point
algorithm, and

RESOLVES
THAT a format as close as possible to the Merit-II be adopted

consistent with telex constraints,

THAT range measurements should include only instruments de-
lay (no center of mass or atmospheric correction)

THAT epoch of laser firing be recorded

THAT time tags from time system utilize BIPM, USNO, GPS,
other

THAT alt/az data and redundant information be removed

THAT the format be finalized between representatives of RGQ,
NASA, and Univ . of Texas within 45 days and

THAT field implementation as a replacement for quick-look data
for orbit prediction and rapid data analysis take place at the earliest
possible date.
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FIRST RESULTS FROM LASER RANGING DATA TO METEQSAT P2

INTEREST FOR COGEOS PROJECT

by

Y. Boudon(l}), A, Nobilif2’, G. Metris!!!, ¢. Veillerft!

L. Wytrzyszezak(®), ¥, Barljer(l!

(1) OCA/CERGA - Grasse
{2y Pisa University
(3) CERGA/POZNAN University

ABSTRACT

At  the end of 1988, the Lunar Laser Ranging (LLR) station at Grasse has
recorded the first laser ranging measurements to a geosynchronous satellite.
Because of the 1 : 1 resonance betveen the orbital period of the satellite
and the rotation period of the Earth, the perturbation effects of some
tesseral harmonics of the gravity field of the Earth (mostly the J,, term;
J?;, =C%,, +87,,) do accumulate with time. As a result, the satellite’s
semimajor axis ang longitude exhibit long period variations. Our preliminary
analysis of the data shows that a slight change in the S,, coefficient, with
respect to its value as determined within the GEM~T1 model, agrees better
with the observation data. The combined analysis of laser ranging data and
optical observations of geosynchronous satellites collected within the in-
ternational project COGEOS would greatly improve the results.
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1. INTRODUCTION

The orbit of a near geostationary satellite exhibits a strong resonance with
the C,,, S;, harmonics of the gravity field of the Earth. The satellite
undergoes a significant acceleration in longitude with a corresponding longi-
tude displacement. As an example, Figure 1 shows the longitude variation of
Meteosat-P2 obtained by a numerical integration of the motion of the satel-
lite. The earth gravity field used is GEMT1, truncated to 10 x 10. The
initial conditions given by ESA/ESOC - Orbital determination Center Darmstadt
-(a = 42165km, e = 104, i = 1°, on September 28, 1988) are propagated over
55 days. The satellite longitude being close to the initial nominal value of
= -1°.0 shows a displacement of about 2 degrees for the 55 days pericd.

For the same case, the variation of the semimajor axis exhibits a clear
secular drift of about 45 meters per day on which strong variations of
several kilometers are superimposed (see Figure 2). The lunisolar gravita-
tional perturbations, the solar radiation pressure effect, the Earth flatte-
ning effect, are the main origins of these short periodic variations wvhile
the C,;s S;» coefficients produce a great part of the secular drift. Of
course, the acceleration in longitude and the secular grift of the semimajor
axis strongly depends on the mean longitude. An example, the variation of
the acceleration in longitude for given orbital elements (semimajor axis,
eccentricity, inclination) is show in Figure 3 (Cot, 1984).

In point of fact, the more complete is the coverage of satellites observa-
tions at various longitudes, the more accurate will be the determination of
the resonant coefficients (some of them do also require observations of
satellites at non-2ero inelination). This was actually the case that origi-
nated Project COGEOQS (Nobili, 1987). Optical observations have the advantage
that they do not require the satellite to be equipped with laser retroreflec-
tors. Furthermore, while it is true that they are less accurate, it has to be
taken into account that the observational geometry of a geosynchronous satel-
lite is very poor: the longest baseline between two stations on the ground is
seen from the satellite within an angle of about g°.5, Hence, the uncertainty
in the latitude and longitude of the satellite is about 10 times bigger than
the range uncertainty (Milani and Nobili, 1980). Last, but far from the
Jeast, the uncertainty in the modelling of leng term effects of solar radia-
tion pressure on geosynchronous satellites is larger than the current accu-
racy of laser ranging stations thus making optical observations of 1 to 2
arcsec accuracy very useful (Milani, Nobili and Parinella, 1987}.

2. THE ROLE OF LASER TELEMETRY TRACKING

METEQSAT P2, which was launched by ESA in June 1988, is the first geosynchro-
nous satellite equipped with laser retroreflectors. The first laser range
observations of METEOSAT P2 have been performed with the lunar laser facili-
ties 1in Grasse (Veillet, 1989). In August 1989, only the LLR station in
Grasse was getting returns (now Graz station is tracking the satellite too).
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Fig. 1 : longitude evolution of Meteosat~p? A=w+Q+M - )
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Fig. 2 : Variation of the semimajor axis of Meteosat-p2



This change could be significant in spite of the disagreement with the GEMT1,
GEMT2 values, taking into account their relative uncertainties. However, the
length of arcs are probably not long enough to yield very precise determina-
tion with one station and only distance measurement. Moreover, the satellite
was partly in the shadow in the very beginning of the arc making the trajec-
tory more difficult to be precisely determined. Other data are required to
confirm such a result to be specific, angular optical positions could be
extremely useful to decorrelate properly all the different parameters as vell
as other laser telemetry data.

4. CONCLUSION

Although these results need to be confirmed by the analysis of future trac-
king data, they seem guite encouraging. Further laser data will be particu-
larly useful if another station -besides Grasse- will be able to get retiurns
from METEOSAT P2, as it is now the case with the laser station at Graz
(Austria). Optical (angular) observations collected within the COGEOS obser-
vation campaign, of METEQSAT P2 as well as of other synchronous satellites,
will be most useful in the determination of several resonant coefficients.
Therefore a fruitful collaboration between the laser stations that track
METEQSATPZ and the scientists involved in COGEOS is worthwhile. Optical ob-
servations by the laser stations themselves would also be worth the affort.

REFERENCES
L. Anselmo et al., 1983, Celestial Mechanics 29. 27-43.

4. Cenci et al., 1989 nprecise geostationary orbit determination using SLR: an
application with METEOSAT P2%, Matera, October 2-6, 7°%F IWLRI.

D. ¢Cot, 1984 “Evolution de lorbite dun satellite géostationnaire. Analyse €t
application au positionnement du satellite SYMPHONIE B", Thésis.

Y. Hozai, 1973 "A new method to compute lunisolar perturbations in satellite
motions®, SAO Spec. Rep. 349.

j.G. Marsh et al., 1987 "An improved model of the earth’s gravitational field :
GEM-T1", NASA technical memorandum 4019.

Milani and Nobili, 1980 "Internal report n® 1/80 of the Space Mechanics Group",
University of Pisa, Italy.

Milani, Nobili and Farinella, 1987 "Non-gravitational perturbations and satel-
lite geodesy", Adam Hilger Bristol.

A. Nobili, 1987 weOGEOS: International Campaign for Optical Observations of
Geosynchronous Satellites™ CSTG Bulletin n°® 9. 19-30.

C. Veillet, 1989 "Laser observations oOn METEOSAT-P2", second COGEOS Workshop
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T. Wytrzyszczak, 1989, Analytical elimination of short period perturbations
from the semimajor axis of a geostationary satellite, Internal report OCA/
CERGA.
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Since METEOSAT P2 has N6 outside despun antenna it is of interest to note
that only short periodic effects are to be expected from the solar radiation
Pressure (Anselmo et al, 1983). These effects have been computed neglecting
satellite eclipses as well as the indirect effects of the Earth’s albedo.
Also, the angle between the Sun-Earth and the Sun-satellite conjunction lines
has been neglected-'The_amylitude ot solar radiation effects is of several
meters. All other perturbations listed above give rise to effects of ampli-~
tude from several centimeters to several teng of centimeters.

The result of analytical substraction of the short period perturbations from
the semimajor axis for the global arc is shown in Figure 5. 4 clear periodic
effect is still bresent, but it can be removed vith a numerical filtering
using a fast Fourier transform. Now, the evolution of the semimajor axis may
be well represented by a parabolic function. The coefficients of thisg parabol
cerrespond to the GEMT1 model, but the guadratic term is less sensible to the
model than the linear one.

According to the coverage of observations we divide the global arc into seve-
ral sub-arcs (Figure 4). The same treatment as indicated above is applied to
each sub-arc to determine the mean semimajor axis corresponding to the middle
time of this sub-arc. The values obtained are plotted in Figure 6. When the
quadratic term calculated for the global arc is substracted from these
values, a line can be fitted so as to obtain the observed drift corresponding
to the date Oct.4, 1990,

~§%~ (Observed term) = - 47.45 n/d & 0.10 m/d (rms) {(2)

0f all resonant coefficients ¢,,, S;, are the most important because of the
low degree 1. Por a satellite close to zero longitude, the effective resonant
coefficients are the § because the along track acceleration is proportional
to Cppsin(mXi)+S, cos(m\). The S;; coefficient is actually responsible for 80%
of the linear drift in semimajor axis of METEQSAT p2. Therefore, we make the
assumption that the discrepancy between the observed and the predicted drift
be due to an error in the value of the S,, coefficient. The discrepancy bet.
veen (1) and (2) would correspond to an error $ Sy,

8 S,, = (4.2 + 2y 10-3 5,,
In the present case, the results can be confirmed directly by changing sligh-
tly S,, to get the minimum rms of observation for the long arc (Figure 7).
In this case we found
§35,, =6 103 5,55
This second solution is in a reasonable agreement with the first one. When wve

use one of these values for the global arc, the rms is reduced by about a
factor of 7.



Because of the necessity to observe in nightime, and in good weather condi-
tions. the orbit coverage was limited to arcs of several hours (Figure 45,
However, as shown by Cenci et al (1989) reagonably good orbital elements can
be determined if some of them (e.g. the eccentricity or the argument of peri-
gee, the inclination or the right ascension of the node) are assumed To be
known from radio tracking data (provided by ESA/ESOC, Darmstadt). Although
less accurate (ten meters) the radio tracking data have the advantages that
they can be obtained in daytime as well as in nightime and also that they are
not affected by weather conditions. Of course the present results can be
affected by some biases but as it can be shown not sufficiently to deteriora-
te the validity of the results aiming at exhibiting the interest of the
method and pushing for future observations. In the future, it will be of
great interest to add angular positions to compensate the insufficient cove-
rage with one laser station.

3. RESULTS

An orbit determination programme based on numerical integration with diffe-
rential correction technique has been used (GIN programme &t GRGS/Toulouse
under the responsibility of R. Biancale). The Earth's gravity field model is
the GEMT1 model +runcated to 10x10. The lunisolar gravitational perturbation
and the direct solar radiation pressure effects are taken into account. An
empirical coefficient for the solar radiation pressure and initial conditions
of the state vector have been ajusted for the different arcs chosen around
the data as shown in Figure 4. However the initial values of the argument of
perigee and the right ascension of the ascending node have been fixed at the
ESA/ESOC values.

Then the problem to be solved is the determination of the longitude accelera-
tion or equivalently the secular drift of the mean semimajor axis. In this
stidy we have chosen to analyse the latter. But to realize this, analytical
theories have been adopted to eliminate the short periodic perturbations from
the semimajor axis. The following short periodic perturbations have been
taken inte account

_ lunisolar gravitational perturbations

- golar radiation pressure effects

. short periodic perturbations generated by zonal harmonic J, of the geopo-
tential

_ effects of Barth tides

- short period effects in semimajor axis deriving from the secular and long
period changes in the satellite longitude (caused by the Earth as well as
by the Sun and the Moon)

Lunisolar perturbations are the biggest, wvith amplitudes of = 1.5 km. They
have been subtracted using Kozai’s method (Kozal, 1973) vhere terms up to
P (sin ¥) for the Moon and to P, (sin ¥ for the Sun have been retained (VY is
the angle between the direction to the satellite and the direction to the

perturbating body - Wytrzyszczak 1989).
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PRECISE GEOSTATIONARY ORBIT DETERMINATION
UBING BLR:
AN APPLICATION WITH METEOSAT-P2

Alberto Cenci
Marco Fermi
Cecilia Sciarretta

Telespazio S.p.A. -~ Rome

ABSTRACT.The ESA Meteosat-p2 satellite launched in 1988 is
equipped with a retroreflector array to allow Laser ranging
measurements.

This equipment, together with other dedicated payloads, is
devoted to the LASSO (LAser Syncronization from Stationary Orbit)
experiment. Besides this major application the availability on
board of laser retroreflectors allows interesting studies on
precise orbit determination for a geostationary spacecraft by
means of SLR (Satellite Laser Ranging) technique.

Unfortunately most of the SLIR stations which were planned to
partecipate to the experiment have not been able to track this

poor. In spite of that the orbit recovery was possible  even
although with relatively high uncertainty for some recovered
parameter. Preliminary results indicate that precise orbite
determination of geostationary satellite can be easily achieved
at a level of few tens of centimeters in the orbit residuals RMS,
Significant improvements of these results are expected if better
observation statistics and geometry will be available.

INTRODUCTION

Meteosat-P2 is the first ESA satellite equipped with 1laser re-~
troreflectors. This equipment, together with other dedicated
payloads, is devoted to the LASSO (LAser Syncronization from Sta-

nanosecond level on an intercontinental basis. Besides this major
application the availability on board of laser retroreflectors
allows interesting studies on precise orbit determination for a
geostationary spacecraft by means of SLR (Satellite Laser Rang-
ing) technique. A general improvement of our knowledge of force
field acting on geostationary s/c is expected from Precise Orbit
Determination and in particular low order and degree geopotential
coefficients together with their secular variations could be
investigated. In this paper we report on a preliminary analysis
attempted using Laser Ranging Data to bPrecisely determine orbit
of Meteosat-p2.

1. OVERALL BTATISTICS AND DATA PROCESSING.

Table 1. summarizes the entire data set available collected by
the Lunar Laser Ranging system in Grasse. No other stations were
able to track Meteosat up to the beginning of August. Looking at
the table the poor statistics available is evident but the avail-
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ability of ranging data from one station only introduces a fur-
ther important limitation in initial state vector recovery. In
fact, because of the poor geometry due to the geostationary
configuration, it 1is impossible to recover the entire state
vector (Soup. 1980). For this reason, in the input set up of
GEODYN presented in table 2, the NASA-GSFC program Wwe use to
analyse laser ranging data, we decided to fix two of the six
orbital parameters of the initial state vector, eccentricity and
inclination, to introduce some constrains to reliably recover
state vector.Furthemore because of the impossibility to model
maneuvers into GEODYN we decided to divide the entire data set
available into subsets called arcs following two main criteria:
1) each arc must be the longest as possible without any
maneuvers in it, 2j)each arc pust have enough data to allow GEODYN
convergence. The different arcs analysed are listed in table 3.

2. ANALYSIS RESULTS

Because of the poor geometry and ctatistics the main objectives
of this analysis were the following: 1) to verify the possibility
of precise orbit determination; 2) to gquantify the expected
accuracy of the orbital parameters.

In the following we will discuss the main results obtained.

Fig. 1 shows the orbit residuals RMS evolutions iteration by
iteration of the four arcs analysed. The results are very promis-
ing, the final fit RMSs are in all the cases ‘of the order of few
tens of centimeters and for two arcs the orbit residuals RMSs are
petter than ten cm. Looking at the evolution iteration by itera-
+ion of the RMSs in more details the evolution toward the final
convergence is clear. In some case GEODYN does not need all the
iterations to find convergence, for example in the FEB8SMPZ arc
at the fifth iteration GEODYN find convergence and jumps directly
to the end of convergence process without passing through all the
planned iterations. The same happens for JAN8SMP2 arc which finds
convergence at the seventh jteration or JUN89MP2 arc at the sixth
iteration.

In table 4 the RMSs in position and velocity of the recovered
initial state vectors for all the analysed arcs are summarised.
The RMSs obtained, of the order of few m in position and less
than .001 m/s in velocity, are, in spite of the poor statistics
and geonmetry very jinteresting results which indicate the possi-
bility of achieving orbit determination recovery on Meteosat
satellite at a satisfactory level.

All the results presented up to now give information about the
precision with which orbit determination is achievable but what
about the accuracy? To try to evaluate the accuracy in orbital
elements recovery a dedicated experiment was performed.

3. ON THE ACCURACY OF ORBITAL PARAMETERS RECOVERY.

To match the second goal of the analysis a dedicated experiment
was performed on the JANB9MP2 arc. It is a fourty days arc length
starting from the beginning of 1989 up to +he tenth of february.
The experiment was organized in the following way; we divided the

[
For
25
:;:»
i
38
u

e

B

:




JAN89YMP2 arc into two subsets: the first from the beginning of
the year up to the 27th of January and the second from the 26th
of january up to the tenth of february. These two data set were
analysed, using the same GEODYN setup, to recover the same ini-
tial state vector at the beginning of the year. In this way three
independent estimation of the same initial state vector were
available, one obtained from the JANBOIMP2 solution, the entire
data set and two other solution from the first part of the
JANBOMP2 arc called JANBSA and from the second part of the same
data set called JAN89B. The comparison of the different estimates
of non singular elements are given in table 6 While in table 5 is
given their definition with respect to the keplerian orbital ele~
ments. To quantify the differences between the three solutions we
focus our attention on the semimajor axis and MWN elements. The
agreement in the semimajor axes is within a few meters but things
Cchange if we look at MWN which shows differences of the order of
hundreds of m,

This result gives an evaluation of the accuracy of our solutions
which is less optimistic as appear from the RMSs of orbit resji~
duals. This relatively high uncertainty in the state vector
recovery are due to the poor geometry which is not able to con-
strain enough the solution. Furthermore the difference between
the JAN89A solution and the JAN8SMP2 is five times less than the
difference between the JAN89B solution and the JAN89MP2. This is
probably due two mismodelling in orbit propagation in fact JANSSE
solution recovers the state vector far from the epoch in which it
has data. A detailed analysis of the orbit residuals shows the
presence of clear signature in the residuals themselves. Two
examples are given in figs 2 and 3, fig 2 shows all the residuals
of the JANSO9MP2 arc while fig 3 shows the residuals of a little
part of them.

CONCLUSIONS

In this preliminary analysis of Meteosat-P2 data the poor data
statistics and tracking geometry strongly limited the recovered
orbit accuracy, but, inspite of that, orbit residuals of the
order of tens of cm RMS have been obtained. These resul¥s are
very promising and significant improvments are espected if more
than one station will track the satellite providing a more
uniform, dense and strong data set from the geometric point of
view.

REFERENCE:
Soop, M - Geostationary Orbit Determination by single Ground
Station Tracking. ESA Journal 1980, Vvol. 4
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TABLE 3

ARCS ANALYSED

First Arc: JANBOMP2 NOBS = 1185 From890101to 890210

Second Arc: FEBB8SMP2 NOBS = 667 From 890126 to 890210,

Third Arc: JUN8B8SMP2 NOBS = 386 From 850608 to 880616
Fourth Arc: AUGBSMP2 NOBS = 1166 From 880726 to 890803

TABLE 4

CONVERGENCE COMPARISON

JANBS FEB8S JUNBS AUGBS
RMS POSITION 4.406 21773 8.889 5.419
(m)
RMS VELOCITY 00025 00158 00086 00037
{m/s)

N




TABLE & - NON SINGULAR ELEMENT DEFINITION.

A=A
ECWN=e*cos(w+Q)
ESWN=e*sin{w+Q)
SISN=sini/2 *sinQ
SICN=sgini/2 *cosQ
MWN= Q+w+M

A= semimajor axis, e=eccentricity

i = Inclination, 2= Node

w = perigee, M= mean anomaly

TABLE 6 - NON SINGULAR ELEMENT COMPARISON.

(Degres)

JANBSALL JANBBA - JANBSB -
JANSSALL JANBBALL

AXIS (m}) 42167214.262 - 1.698 1.639
ECWN 0.000136858 0.000000043 0.0000008659
ESWN -0.000048468 0.000000123 -0.0006001818
SISN —0.007545946 0.000000028 -0.000003838
SICN -0.000473627 -0.000000459 0.000006158
MWN $90.68046861 -0.0002333 0.0010838
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LASSO

the European Phase
Aug. 88 — Sept. 89

Ch. Veillet

CERGA/OCA
Av Copernic F-06130 GRASSE

The LASSO experiment (a time comparison through laser pulses}, carried on the
European geosynchronous satellite Meteosat P2, started in August 1988, Some problems
encountered for the first months were solved before the end of 1988, and many stations
tried to range the satellite, or to be seen by the LASSO package, up to October 1980,
Only two stations achieved laser ranging (Graz and Grasse LLR), and none of the other
numerous participating SLR stations were able to be seen by LASS50. As the satellite
left in October 89 for -50 degrees in longitude (far from Europe ...), the European
phase of LASSO had unfortunately to stop more earlier than previously thought, and
no time comparison has been achieved. An extensive range measurements data set has
been obtained anyway, and is used for a geodynamical study of the low harmonies of the
Earth’s gravity field.
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1 - The LASSO experiment

LASSO (LAser Synchrenization from a Stationary Orbit) is an experiment for comparing
time at two or more distant sites. An active package on board of a geosynchronous satel-
lite {Meteosat P2) is able to detect a laser pulse and to date it. Retrorefiectors close
to the detectors can send back part of the laser beam. To achieve a time comparison,
two laser stations fire to LASSO so that the two beams arrive on beard very close in
time (a few milliseconds is fine). The on-board oscillator provides the interval between
the arrival times of each of the laser pulises, and every station {supposed to be able to
range) records the round-trip time of its laser pulse from the station to the satellite and
back to the station. By processing these time measurements, it is possible to compare
the time secales at the various stations.as shown below.
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Figure .1: 4 twelve minutes ranging of Meteosat P2, Time and date as written at the top of the
figure and on the horizontal axis. Every dot js a photon detected by the equipment, noise or echo (the
echoes are aligned). The vertica) axis is centered on the predicted range, and 800 ns full seale.

switched on at the beginning of September. No on-board dates of laser pulse arrival have
been obtained for the first weeks of the LASS0O tammpaign. In fact, range measurements
came first on the third of October (88) at the CERGA Lunar Laser Ranging station.
Many other echoes have been received for October and November, but no evidence for
good dates was found in the LASSO data.

Using the raw data as received by Telespazio from the satellite in correlation with
the laser firing times from CERGA LLR allowed us to find that the LASSO data were
not encoded as they should have been. The new code was not tao difficult to find, aned
the good behaviousr of the receiving/timmg package was clearly proved hefore e e

It is important to send a pulse which wil] hit the LASSO package when arriving on
the satellite. Ag Meteosat P2 is spinning very fast (600 ms per rotation), it is not &
trivial point ! You need to know in advance the distance of the satellite, and also the
phase of its rotation, if you want to be sure that your pulse arrives at the proper time
-+.If the distance and the rotation rate are not very difficult to predict, the phase is &
more serious problem. The first predictions were off by half g rotation, and after some
adjustments which occured in 1089, it was stil] off by 10 to 80 degrees {the angle of view
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Figure .2: A plot of residuals on the range of the LASSO retroreflectors using a firing period close
to the Meteosat P2 spinning period. The satellite seems to rotate very slowly {stroboscopic effect)
and the echoes arrive by packets. Every packet exhibits a shape, part of a sinusocidal curve which
amplitude is the radius of the satellite. From such a behaviour, it is very easy to extract the rotation
period and phase of the LASSO package. Unit on the horizontal axis is 1000 seconds, and on the
vertical axis I ns {15 cm on the distance}.

of LASSO is roughly 50 degrees).

By using a ranging station with a high number of echoes, it is in fact very easy to
determine the phase of the satellite. Assuming that you range at a constant rate (let
say 10 Hz), and that you know the period of the satellite (nominally 604 ms), every shot
which gives an echo is in phase within the angle of view of the retroreflectors. Looking to
the distribution of these shots over a few minutes yields to a mere accurate determination
of the phase. Finally, a more sophisticated process can be done by looking to the range
residuals over a few minutes. A spectral analysis of these values will give both the phase
and the period, as they exhibit a periodic signature due to the large radius of the satellite
(1 m). This process is shown in details on the Figure 2 and 3.

3 - Many stations, but few results ...

Forgetting for some time the CERGA LLR station, which ranges the Moon on a routine
basis and for which Meteosat P2 is & very close target, it is clear that LASSO is not an
easy satellite to observe. Due to its distance, six times larger than for Lageos, the energy
coming back is roughly one thousandth of what a Satellite Laser Ranging equipment gets
from Lageos, with two more difficulties to face : the prediction in position is much worse
{the error can reach 6 minutes of arc), and if you are not working in phase for some
reason {technical impossibility or phase prediction unuseful because wrong). If you want
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to hit LASSO, you need to increase the divergence of the laser beam, killing the return
rate, or to see it, which is quite difficult with a simall telescope as its magnitude is 13-14 ...

These statements, added to the fact that the detectors on board are probably not as
sensitive as they should be, explain the results of this first European phase. Among the
SLR community, only the Austrian station in Graz, able to see the satellite and equipped
with & ruby laser {providing more energy} especially for this experiment, succeeded in
getting echoes and obtaining pulse timing on board of Meteosat P2. Unfortunately,
due to the wrong predictions of the phase and the poor positions provided, and also to
hardware failures and s very bad weather during Spring end Sumimer, Graz obtained
results too late to achieve any time comparison before the unexpected move of Meteosat
to the East. The other stations, Borowiee, Cagliari, Grasse SLR, Katzively, Matera and
Simeis, didn’t give any detection on the LASSO package.

4 - The future ...

The European phase of LASSO ended in October 1088 with the move of Meteosat P2
&t 50 degrees Fast. It was very sad for most of the European stations participating in
LASSO, but it opened the transatlantic phase of the time comparison experiment. What
is next 7 Two stations, Mc Donald SLR and LLR (Texas) and Maryland 48 * (GSFC),
will try to work on LASSO. There is a lot of work to be done in order to meet the
requirements of the experiment. From Europe. Grasse LLR will be the only one ranging
station, and Grasse SLR {and later San Fernando} could be one-way sites.

The first European phase proved that the LASSO package is working properly on
Meteosat P2, and two stations obtained echoes. We have now to prove that the time
comparison can really be achieved .

Note added to the paper presented in Matera - January 1989
Afer the move of Meteosat P2, a LASSC meeting has been heid at Redondo Beach (Cal. USA)in

order to organize the transatiantic phase. Many actions started in order to make the US stations ahle
to wark for LASSC as soon as possible.

C. Veiliet and F. Baumont visited the Mr Donald stations. Sensitivity tests have been made in order
to determine the faintest magnitude observable with the LLR telescope. Many discussions permitied
to express cler ideas for solving the various hardware and software problems linked to the LANSO
experimental mode.

A big amount of work has been done at the Marvland station by the Alley’s team, and some pointing
and ranging attempts were possible at the beginning of 1999.

Late in December, Meteosat P2 started a journey back to Europe, due to some problems on the
European meteorological satellite. This move made all these efforts (and most of the actions decided at
Redondo Beach} useless at Jeast for the near future. In spite of the desesperate efforis of fhe Marviand
people during the move {until the time where A[F? was really toe Jow from the East (‘oast). nathing
has been done in this very short {!} transatlantic phase. and the LASSO pavicad hasn't been activated.

MP2 will spend at least four months at 0 deg. in longitude, probably waiting for a new launch of
a Eurapean meteorological satellite. It means that we will have time for a new European phase before
a possible new transatlantic phase later {it Is too earlv now for assessing any long term plan).

MP2 will be available before the end of Januarv. Most of the European stations able to participate
efficiently to LASSO have been contacted.
Herstmonceux and Zimmerwald agree to provide optical positions of the satellite in order to make
easier accurate predictions for the laser stations parficipating to LASSO.
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Graz has been informed about the new European phase a few days before the removal of the ruby
Jaser vsed for LASSO. They are now studving thelr participation as a two-way station and should
take a decision before the end of January.

Borowiecs will participate as a one-way station.

T'he soviet stations has been informed, and we are waiting for an answer.

Crasse LLR will of course participate as a two-way station.

Contacts are re-established between Telespazio and CERGA for solving the phase prediction prob-
lem. Sessions will probably be organized for checking the accuracy of the predictions, and for finding
the source of the errors.

The best from LASSO is still to come ...
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STATUS REPORT ON THE
EUREF-GPS OBSERVATION CAMPAIGN

WoLrcang ScHLUTER
INSTITUT FUR ANGEWANDTE GEODASIE
FUNDAMENTALSTATION WETTZELL
D-8493 KéTzTiNg

HeErmMANN SEEGER
INSTITUT FUR ANGEWANDTE GEODASIE
RICHARD-STRAUSS-ALLEE 11
D-8000 FRANKFURT 70

For future applications of the Global Positioning Systemn (GPS) an accurate uniform geodetic
reference network hased on simulianeous GPS-observations employing dual frequnecy receivers is
required. Based on such a geodetic network covering Western-Europe transformation paramelers
¢an be derived between the national geodetic networks and the European Datum in order to convert
digital mapping data into an uniform frame on European scale.

In 1985 the EUREF-commission has been set up for the establishment of a new European
Reference System which will he based on precise modern space techniques as

* SLR Satellite Laser Ranging
¢ VLBI (Very Long Baseline Interferomerry)

» GPS (Global Positioning Svstem)

With support of CERGO {Comite Europeen des Responsables de la Cartographie Officielles and
within the frame of EUREF first steps have been performed to realize such a network:

¢GPS observations have been organized and carried out as a joint effort of the responsible na-
tional survey and research agencies on 93 sites all over Europe employing 69 dual frequency
receivers.

* VLBl observations are carried out at T sites in the period from June to October 86 i arder
to densify the field of Aiducial pomts in north and north-west Europe.

1. The EUREF-GPS-campaign

Buring the Crustal Dynamics Meeting held in October 88 in Munich a Steering Commitee for
the establishrent of a European GPS-network has been set up te study the feasibility, 1o design
the network and to perform the total task. A small working group investigated the number of
dual-frequency receivers which are available and the requirements of the participating nations to
such a network.

Based on these results and on of the proposed support of all cooperating agencies (table 1}
by making available receivers, ohservers, stafl, cars, transportation ete. a detailed plan has heen
developed.

In the period from May 16 to May 28 alitogether 03 sites covering Westery Europe {figure 1)
have been observed within two phases A and B. Simuitaneous observations have been performed
on

61 sites during phase A from May 16 to May 21

Typeset by ASTEY
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and on

5% sites during phase B from May 23 to May 28.
Within both phases

93 sites have been occupied which include all the

e SLR-sites (Satellite Laser Ranging) and the

e VLBI-sites (Very Long Baseline Interferometry)

in Europe as well as additional overlapping stations to tie both phases together.
Spare receivers have been placed in different parts of Europe in order to be prepared for unfore-
seen events.

2. Site selection, Network design

To investigate the national interests of the different countries a circular letter has been sent to
the national survey agencies in order to obtain national proposals on site selection. The national
proposals then have been included in the network design.

In order to use them as reference stations all the available and future SLE- (Sateliite Laser
Ranging) and VLBI-sites (Very Long - Baseline Interferometry) have been equipped with receivers
for the whole campaign. These sites will be finally used as fiducial stations to define the European
Reference frame. Moreover to tie the two phases A and B together a well distributed number of
averlapping stations had to be selected where ohservations were made during both phases.

3. Observations

Four types of dual-frequency receivers have beer operated:

e TI4100 {Texas [nstrumenis].
o MINIMAC 2816 {Aero Service Lid.),
e WAI02 {Wild Magnavox},

e Trimble 4000 SLD {Trimble).

In order to produce a data set observed with different receivers on short base-lines, which then
has been used to test newly developed software for transforming the diflerent receiver outputs 1t0
4 standard data format and to ealibrate the antenna reference points of the different receivers, a
calibration-test has been performed at the Fundamentalstation Wettzell by operating 2 receivers
of each type.

The antennas have been set up on well determined survey markers of the Wettzell reference
network. The results have been published /W. Gurtner, et.al. 1989/, No cbvious problems
concerning data reduction have been detected and the phase centers of all antennas agreed within
less than 0.5cm.

Special observation guidelines have been distributed to the field teams in order to collect all
required site information {documentation, survey, meieorological data etc.}) and to guarantee a
common mode of observation {or each receiver type.

During phase A respectively B six davs of observations have been scheduled in order to collect
a sufficient amount of data and to ensure - even In case of problems with the receiver on one or
two days - that the observations will allow precise positioning.

In phase A the observation window was set between 11:00 and 16:00 UT and in phase B between
10:00 and 15:00 T,
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During this window the Satellites 3, 6, 8,9, 11, 12 and 13 could be ohserved,
Several receivers failed during the campaign but they all have been replaced quickly enough to
get enough data. All the sites which were planned have been observed successfully.

4. Data Processing

The data processing will be carried out in two steps:

1. Preprocessing,

2. Processing.

L1 preprocessing centers (table 2} have been established to screen the data, to convert the data
into a receiver independent exchange format (RINEX) and to provide the data onto a magnetic
tape. The data tapes from the preprocessing centers will be sent to the University of Bern,
which supports the preprocessing by making available software for data conversion and which wil
distribute all data fo the other processing centers,

The final data reduction will be carried out by several processing centers which still are under
discussion.

REFERENCES

W. Gurtner, G, Beutler, M. Rothacher. Combinetion of GPS Observations made with differ-
ent receiver ypes. Paper presented al ithe 5th International Geodetic Symposium on Satcliite
Positioning Las Cruces, 1989,
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Table 1

Summary of cooperating sgencies

Nation Agency Support with
TECEIVETS chservers
A Institut for Weitraumfcrschumg, Graz 1 T1 4180 i team
Techn. Universitst Wien 1owWM 10z I team
ji4 Cbserv. Royel de Belgigue, Brussels 2 Trimble 4000 SL& -
Metional Geographicel Institute, Brusselis ¢ teams
CH Bundesamt fir Landestopographie, Wabern 4 Trimble 4000 SLD 4 teams
Institut fir Geodédsie undg Photogrammetrie, Zirieh 3 WM 102z 1 teanm
] Institutr fiv Angewazndte Gegdasie, Frankfurt B TI 41090 9 teams
3 MiniMac
Institut £O4r Astronom. und Fhysikal. Geodisie,
Minchen 2 71 410C Z2 teams
Univ. Bundeswehr, Minchen 2 T 210G 4 teams
2 WM gz
Institut £, Erdmessung d. *v. Hannover, Hannover 2 71 4100 Z teams
Geod. Institut, Tec: Universitadt Berlin 2 WM 102 2 teams
Alfred Wegener Ins Bremerhaven 1 TI 4160 -
Mil. Gecgr. Amt, E nan - 2 teanms
Geoo. Institur o. Stuttgsrt 2 oWk 1GE 1 team
Nés. Landesverwalto g, Landesvermessung, Marnover 4 Trimble 4080 Sup 4 teams
tandesvermessungsant Nordriein-Westfalen, Bonn I MiniMad 1 team
31 Geodetvic Institite, Copennagen 2 71 4100 Z teams
£ instituto Geografice Wacional Macgrig 4 Trimble 4000 8D 4 teszms
Servic:o : zfigo 1 ] . Madrid 2 Trimhle 4000 Sup 2 teams
Beal Obse ric d San Fernandg 2 Trimbie 4000 SLD 2 teams
Ein Urgnance - supparting
? teams
F Institut Geograghic Netional, Paris - - supperiing
% teams
Ge Crdnence Survey, Southaspion 4 Trimble 4000 3LB € teams
Univ. Nottingham, Nottinghem 2 Trisble 4000 SiD - --
GR Netional Technical Univers., Athens -—- SUPPOTrting
3 tesms
I Facolte Ingeneria delil Universits, Rom 2 Trimble 4000 SLD 2 teams
Tstituto Gecgr. Militsre, Filorencas 2 WM o102 2 teams
N Ststens Kartverk, Honefosge £ 11 4100 € teams
Ni Netherlands Triangulat:zon Department, Apeldoorn 2 Trimble 4060 Sip 2 teams
& Observ. Astronomice Monte de Virgens, Villa Novs 1 Jrimble 4000 sSiUp -
Instituto Geocgrafico e Cadastral, lishos P 1 team
] National Landsurvey, Gavle 3 WM 152 3 teans
SF Finish Beodetic Institute, Helsinki - supporting
3 teams
Table 2 Summery of Preprocessing Centers
Rgency preprocessing for Agency preprocessing for
Institut fir Geoddsie TI 4100 {CESAR} Bundosamt fir Landestapo- Trimble {{H)
Universitat der Budneswehr grafie
Muniech, D Wabtern, [H
Imstitut fur Angewanrte MINIMAC 2816 Observatoire Royal de Trimble (B, I, N1}
Geadasie Beluoigue
Frankfurt, D Brusseliszs, B
Institut for Angewandte TI 43100 (CIBNET) Instituts Gesgrefico Trimble {E, P
Geodasie Nacicnal
Wwettzell, D Macrid, F
Institut fijr Erdmessung TI 4100 (PROM: Netiornal Land Survey WM 102 (S, CK)
Univ, Hannaver, D Gévle, ¢
Ordnance Survey Trimble (LK} Gecdétisches Institut WM 102 (D, 1)
Seuthampton, UK Techniscne Universitat
Berlir, 0
Nieders#dchsisches Landesver- Trimble {B)
waltungsamt, Landesvermessung
Hannover, D
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A REPORT ON THE COOLFONT MEETING

NASA SOLID EARTH SCIENCES (SES) PROGRAM

Contact: M. R. Pearlman
Smithsonian Astrophysical Observatory
60 Garden st.
Cambridge, Ma 02138, usa
Telephone: (617) 495-7481
Telex: 921428 SATELLITE CaM

In 1992, the Crustal Dynamics Project at NasA draws to an end, and
activities are now underway to organize an even broader program for
the following decade. The new Program, Solid Earth Sciences, will
encampass the disciplines currently included in the Geodynamics
Program including: crustal dynamics, geopotential fields, earth
structure and dynamics, with those of the present Geology Program:
volcanism, landforms, and paleoclimates. This synergy of the
metric measurements from Geodynamics and the remote sensing from
Geology, coupled with the cambination of analysis capability within
each of these areas, will give us a far better basis for
understanding the camplex processes within the earth system.

To begin the formulation of this new program, a workshop on long
term planning for the Solid Earth Sciences Program was held at
Coolfont, a resort near Berkeley, West Virginia, during July 22
-28, 1989. The major theme of the meeting was: "The relationship
of the solid earth to itg atmosphere, oceans and climate, and the
concept of the earth as a system”. The attendees included about 100
representatives  from universities, institutions, government:
agencies, and foreign countries. International participation was a
fundamental concept throughout the meeting in the recognition that
any program of this scale would be intertwined with related
programs  from other nations and Dre-existing international
activities.
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The meeting was organized into scientific panels, each with the
charter to address the objectives and requirements in a particular
scientific area. In addition there were panels on measurement and
programmatic topics. The panels included:

° Technical Paneis:

- Volcanology

- Land Surface: Process of Change

- Structure and Evolution of the Lithosphere

— Plate Motion and Deformation

- Earth Structure and Dynamics

- Earth Rotation and Reference Frames

- Geopotential Fields

- Measurement Technigue Development and Analysis

° Interagency and International Panels
° program Panel and Executive Committee

The objectives of the SES program were formulated at the meeting.
Tn order of decreasing earth radius they are:

To improve our understanding of:

1. The interaction of the earth's surface with the oceans
and atmosphere on time scales of hours to millions of
years.

5. The evolving landscape as a record of tectonics,

volecanism, and climate change during the last two million
years.

3. The motions and deformations of the lithosphere within
the plates and across plate boundries.

4. The evolution of the continents and the structure of the
lithosphere.

5. The dynamics of the mantle including the driving
mechanism of plate motion.

6. The dynamics of the core and the origin of the magnetic
field.

The Panels developed their measurements requirements: those of most
interest to the Laser Workshop include:

® Volcanclogys
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Deformation studies around volcanoes (GPS and Geocdynamics
Laser Ranging System — GLRS)

° Plate Motion and Deformation:

Global strain and fiducial networks of mixed space
geodetic systems with average spacing of 1000 knm,
including the ocean floor.

Continuation of present plate tectonic, regional
deformation, and associated earth rotation measurements,
but with improved measurement capability to the 1 mm
level.

Investigation of time dependent deformation to understand .
the earthquake process.

° Earth Structure and Dynamics:

Continued monitoring of global plate motions and earth
rotation parameters, with an improvement in precision of
measurement to the 1 mm level.

Measure both regional deformation and post  glacial
rebound.

Repeated measurements at high accuracy of the long
wavelength portion of the earth's gravity field for
temporal change.

° Earth Rotation and Reference Frames:
Continue and extend the quantity and quality of LLR, SIR,
and VLBI data including intercomparison measurements to
maintain a reference frame that ties the inertial and
terrestrial coordinate systems at the 1 mm level.
Continue and expand the present plate motion measurements
to at least three sites per major plate with auxillary
data such as surface gravity at key sites.

° Geopotential Fields:

Oceancgraphic altimeter data with track spacing of 10 km
at the equator.

Series of gravity missions or dedicated satellites in
specialized orbits to measure the time~varying field.

To address these measurement needs, the particiants sought a global
concept for monitoring geophysical activity. Not all requirements
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as presented by each panel could be addressed fully, but as seen
from above, there was considerable overlap in measurement needs. To
encompass these measurements needs, a concept of Global Geophysical
Networks (GGNs) was developed. Two geodetic networks were defined:

1. Fiducial Links for an International Network of Geophysical
Nodes -~ FLINN

This would include:
- Globally distributed SLR/VLBI stations with

- At least one on each plate for crustal motion
measurements

- More dense distribution in certain areas of
interest such as the Mediterranean, Pacific, etc.

- Global distribution for orbit coverage (altimeter,
gravity missions, etc.)

- Measurement of relative motion to 1 am/day and
1 m/3 mos.

- Locating GPS receivers at SLR/VLBI stations and
elsewhere with

- Roughly 1000 km spacing.
-~ Measurement of relative position to 1 am/day and

1 /3 mos.
2. Networks of Densely Spaced Geodetic Systems (DSGS)
This would include:

- Mobile and permanent GPS networks of short baselines.

- Densely spaced networks of reflectors for the
Geodynamics Laser Ranging System.

- Placed in areas of high seismicity.

- Tied to the global fiducial network (FLINN).

The Measurement and Analysis Technigque Development (MATD) Panel
provided an assessment of the current SLR performance and
projections of future capability. At the moment, laser stations
with ranging precisions of about 1 cm are providing measurement of
station position to an accuracy of about 2 am with about 60 passes
of Lageos data. This set of data currently requires 4 - 6 weeks for
acquisition on the single Lageos satellite. Station position
degrades with fewer passes and does not improve significantly with
more. Stations with poorer ranging precision, provide poorer
station position quality, but only slightly. The conclusion is that
computation of station position at the moment is being limited by
the geodetic models and the satellite geametry. However, model
development is an iterative process, itself depending upon
measurement quality.



The MATD Panel saw dramatic improvements coming to SLR over the
next 3 - 5 years. These include:

1. Additional high satellites such as Lageos II, Etalon I & II,
and possibly Lageos III and ACRE, which will improve sky
geometry and reduce data aquisition time. It is anticipated
that the larger complex of satellites will reduce data
acquisition times to about 7 days of good weather.

2. Additional SLR stations now in construction or under design.

3. Ranging hardware upgrades including: shorter pulse lasers,
newer less expensive detectors, faster electronics, real-
time calibration, etc.

4. Improved refraction correction through better modelling
techniques and multiple frequency ranging.

5. Improved spacecraft center-of-mass correction through
detailed laboratory tests.

6. Much more automation to reduce manpower requirements and to
perform more tasks on site.

7. Improved geodetic and orbital modelling through more
accurate data and data from future altimeter and gravity
field (such as ARISTOTELES, GP-B, and Mini-Lageos).

8. Improved site operations and efficiency including on-site
performance evaluation, normal point generation, and
multisatellite tasking and interleaving.

Lasers should remain a key measurement technique in the areas of:

- Plate motion

- Regional motions over long baselines (>1000 km)
Gravity field (long wavelength and secular variations)
Precision tracking for altimeter and gravity field
satellites

~ Reference frames and earth rotation

System intercomparison and validation

1

i

t

The role of SLR in the SES and other programs will depend however on
how well and how fast the global network can adopt the above
improvements.
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A REPORT ON THE TOPEX/POSEIDON MISSION

NASA SOLID EARTH SCIENCES (SES) PROGRAM

Contact: M. R. Pearlman
Smithsonian Astrophysical Observatory
60 Garden st.
Cambridge, MA 02138, Usa
Telephone: (617) 495-748]
Telex: 921428 SATELLITE CAM

Topex/Poseidon will carry two radar altimeters to measure global
sea level. Sea level data contains information on both the earth's
geoid and on the dynamics of the oceans, which can be separated and
interpreted by monitoring temporal and spacial variations and
through models containing other geophysical data.

The satellite ig crrently planned for launch in June 1992, and
will use laser ranging fram the global SIR network for precise
positioning required for proper interpretation of the altimeter
data.

The main goals of the Program are oceanographic:

1. Measure sea level to study ocean dynamics, including the
circulation and tides.

2. Process, verify, and distribute the data in a timely
manner, together with other geophysical data, to science
investigators.

3. Lay the foundation for a continuing program to provide
long-term observations of the oceanic circulation and its
variability.

The measurement objectives for ocean surface topography are:
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Precision: 2 am.

spacial resolution: 20 km. along track, 300 km.

across track

Temporal resolution: 10 days

Accuracy (including orbit and altimetry errors): 14 am.

i

1

The sensors aboard Topex/Poseidon include:

~ Dual frequency altimeter (corrects for propagation
errors due to the ionosphere)

- Experimental solid state altimeter (provided by CNES)

- Microwave radiometer (corrects for propagation errors
due to atmospheric water vapor)

For tracking purposes, the spacecraft will have:

- Laser retroreflector ring
- Doris transmitter
- GPS demonstration receiver

The laser retroreflector array will be two concentric rings of
quartz cube corners mounted around the altimeter dish. The cubes
will be tilted outward to enhance the optical cross-section at low
elevation angles.

The mission is scheduled to last a nomimal period of 3 years with
an additional 2 year extension if all goes well. The approximate
mission orbit parameters are:

- Semi-major axis: 7714 km. (altitude 1335 km.)
- Eccentricity: 0
- Inclination: 66 deg.

Longitude of the ascending node and argument of perigee will be
adjusted to give 10 day repeat orbits with frequent overflights of
calibration areas at Lampedusa and Point Conception off the west
coast of the U.S.

The fundamental network of SLR stations identified by the Project
for adequate global coverage and coverage of the calibration areas
include:

Monument Peak, CA (MOB-4)
vYarradadee, Australia (MOB-5)
Mazatlan, Mex. (MOB-6)
Greenbelt, MD (MOB-7)

Quincy, CA {MOB-8)

Huahine, Tahiti (TLRS-2)
Easter Island (TLRS-2)




Arequipa, Peru (TLRS-3)
Cerro Tololo, Chile (TLRS-3)
Fort Davis, TX (MLRS)

Mt Haleakala, HI (HOLLAS)
Bar Giyyora, Israel (MOB-2)
Matera, ITtaly (SAa0-1)
Wettzell, FRG
Herstmonceux, GB

Shanghai, PRC

Simosato, Japan

Orroral Valley, Australia

Other stations identified by the CDP for support:

Grasse, France

Graz, Austria

Metsahovi, Finland

Helwan, Egypt

any other operating lasers

The Project has an overall requirement for the "best possible orbit
as goon as possible". To addresss this requirement within the
framework of their measurement accuracy objectives, they are
requesting the following:

- Laser Data Precision: 2 cm.

- Systematic Errors: < 2m

- Tracking Horizon: 20 deg.

- Station Quick-look Data within 1 day.

- Station Generated Normal Points within 3 days.
— Full Rate Data within 30 days.

The pass pattern over the SIR stations will be in 10 day cycles
with up to 5 passes per day depending upon station location and day
within the cycle. All passes are important but priority tracks will
be identified and station tradeoffs will be made within
geographical areas to spread out the tracking burden.

The Project requirements for normal point computation are:
- 15 second aggregates of data
- Uncorrected for refraction and s/c center of mass
~ Reasonable confidence (deletion of questionable,
sparse data)

GSFC (CDP) will be the coordinating center for SLR. It will rely on
regional supporting centers to provide the global participation.
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There is still one important issue regarding SLR that must be
addressed. The retroreflector array has been been designed to
provide very large return signal strength (as much as 10 times that
of Ajisai). This will permit ranging at very low elevation angles
and during marginal weather conditions. Thig will mean, however,
that SIR stations will see a large dynamic range in signal strength
both during a pass and between passes of Topex and higher
catellites such as Lageos or Etalon. This could become critical in
those systems that are using detectors with limited dynamic range,
such as the microchannel plate tube, where at a minimum there is
strong likilihood of aliasing the measurements, but alsc the risk
of destroying the detector itself. To protect the equipment and the
data quality, these systems will be required to adjust optical
return signal strength, probably with neutral density filters,
between passes and possibly during Topex passes. aAs the tracking
schedule becomes more crowded and satellite passes are interleaved
for more efficient data acquisition, it will be necessary to make
this signal strength adjustment and the corresponding calibrations
in a dynamic manner (combination of programmed adjustment of
optical filters and real-time internal calibration}.
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The Third-Generation SLR System

Made By NCRIEO

Mei Suisheng, Shen Renji,
Chen Dacnan, Guan Zhenhua
North China Research Institute of Electro-Uptics

P.0.Box 8511,Beijing

Tel: 472731

Telex: 211168 NCRI

A third-generation SIR systes has been completed by North China
Research lostitute of Electro-Uptics (MRIFD), passed acceptance testing and
sent to Fangshan Satellite Observation Stalion of Research Institute of
Surveying and Mapping Science,Novesber, 1988. It is under alienment.

The systee has been financed by National Commission of Science and

Technology, PRC.

The Specifications of the YR Systep are as follows:

General
Range JKe ~9000 Ke
Data recovery rate 1 ~ 5 ranges/sec.
Operating staff Z persons

Mount.
Axes YA
Configuration alt-az. with Coude
Angular travel~elevation +05°

-azimuth 4530 °

Orthogonality of axes + 2
Wobble on each axis 4 17

Tracking velocity in elevation

0.001 ° /s ~ 1° /s

in aziwmuth 0.001 ° /s ~ 5° /s
Acceleration in elevation travel 0.1° /s®
in azimuth travel 0.5° /s*
Static pointing accuracy better than 67
Shaft encoder 21 bit
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Transaitting Ootics
Configuration
Magnification
Input diameter
Qutput diameior
Divergence

Receiving Optics

Contiguration
Apertime diamstor
Focal length
Correction wavelengbh
Ficld of view

Laser

Oseilistor

Amplificr
Frequency doubler
{(utput wavelenglh
(utput energy
Cutout stability
Pulse width
Repetition rate

Beam divergence
Beam diameter

Receiver

Detector
Filter

Constant ratio discriminator

Range counter

Gallilean

4x

40 om

160 wms

0.1 ~1.5 mrad variable
contingously

Catadioplric Cassegrain

600 mm

5500 e

532 nm

.15 ~1.5 srad variable,
step-by-step

active-passive mode—locked
Rd:VAG

3 stages
g~ B8O

0.532 u=m

160 mi per pulse
Y 3

200 ps

I~ O pps on external
or internal commanc

$.75 wrad

8 wa

RCA 8450
bandwidth 1.00m,
multilayer dielectric film
Jitker < 100 ps, while signal
dynamic range of 100 times
JLJ-2, resolution 66 ps



TV camera

Type ISIT

Sensitivity 10 % Jux

Aperture of the optics 180 mx
Computer and software

CPU POP-11/44

Software

Satellite prediction program

Mount testing and star tracking program
Mount calibration program

Laser ranging program
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Upgrading of Shanghai SLR Station

Contact
F.M.Yang, D.T.Tan and C.K.Xiao
Shanghai Observatory, Academia Sinica
80 Nan Dan Road, 200030 Shanghai
People’s Republic of China

telephone: 86-21-4386191
telex: 33164 SHAO CON

Abstract

It is shown in this paper that several improvements and tests at the sateilite laser
ranging station, Shanghai Observatory have been done since the sixth workshop.
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1. The computer control system

To replace the old computer system {Z-80 CPU), a new control system based on an
IBM/XT computer has been installed this summer. 1t consists of CPU {Intel 80286), co-
processor {Intel 80287), 16 bits. 640KB memory. a 20MB hard disk, a 360KB floppy disk.
CRT and printer.

Under the computer control are laser fire command, epoch timing, calculation of
satellite positions and interpolations, range gate command, real time tracking, acquisition
of ranging data and pointing angles of the mount, real time display O-C in azimuth,
elevation and range respectively, offsets of along-track error of satellite prediction and
the pointing angles of the mount, etc. After passes, can be done on-site with the same
computer the ranging system calibration, preprocessing of ranging data, noise rejection,
accuracy estimate, generation quick-look format and so on.

2. Internal calibration test

By means of the internal feedback calibration, the measurements of the system delay in
different azimuths and/or elevations have been done. It has heen shown that the variation
of calibrations of our system at different puinting angles of the mount is about 3mm (rms).
Having compared the internal calibration with the ground target calibration, we obtain

the difference between the two calibations is about 1.3 em.

3. Receiver

A HP5370B time interval counter has been adopted to replace the computing counter
made by our group ten years ago. We have being assembled and tested a Hamamatsu
MCP-PMT and a narrow band filter for better ranging accuracy and daytime ranging. The
internal calibration test with the new MCP-PMT have shown that the ranging accuracy
can reach 2-3 cm.

4. Softwares
Some improvements on prediction of satellites. real time control software of the mount,
star position calculation and tracking, model of mount parameters have been completed.

5. Laser

A third-stage amplifier was installed in late 1986. After some improvements in recent
two vears, the laser system runs pretty good. The total output of the laser is 80-100 m;
(0.532 p) and the width of pulse is 180 psec. The repetition rate of the laser is & pps.
but up to now only 1 pps is adopted for our routine operation to avoid damage of optical
components.

6. TV Camera

In order ‘o monitor the prediction error of satellites, a TV camera which was made
in Nanjing, China was installed in 1987 The diameter of the cathode is 40 mm. The
sensitivity of the cathode is 1 10~% Lux. The TV camera is of help for improving pointing
and obtaining echoes quickly.

The attached map {Fig. 6) is the chinese SLR network.
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Interkosmos Satellite Laser Station
Helwan
Version Single Pulse / Semitrain

K. Hamal, M. Cech, H. Jelinkovs,
A. Novotny, 1. Prochdzka

Czech Technical University, Prague
Faculty of Nuclear Science and Physical Engineering
115 19 Prague 1, Bichovd T
Tel.: +42 2 848840, telex 121 254 FIFI C

B. B. Baghos, Y. E, Helali, M. Y. Tawadros

Academy of Scientific Research and Technology
National Institute of Astronomy and Geophysics
Helwan
Tel.: +20 2 780645, telex 93 070 HIAG UN

Abstract

The Interkosmos SLR Station built in 1980 {1} located in Helwan, Egypt,
operating since 1982 in the mode locked train version [2] [3].was switched in
1987 into the single pulse version and in 1989 into the semitrain version [P2].

Station upgrading;

1987 new laser transmitter / single pulse 17 psec
Coude pass reconstruction

1988 PMT famplifiers / discriminator / optimizing
IBM PC implementation for data handling
data transmission via modem

1989 semitrain laser modification
data analysis procedures
Microprocessor based control slaved to IBM PC

To implement the single/semitrain version, the laser has been rebuilt [P3]. The
oscillator is passively mode locked and passively € switched generating 20 psec
pulses. The semitrain version allows fully to exploit the stored energy of the active
medium and to take the advantage of the short pulse, as well.
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The length of the pulse was adjusted at 20 psec as an optimum from the point
of view of
x the existing laser technology ( simplicity, reliability etc.),

x the existing detectors for single photon operation [P4],
% the atmospheric dispersion and consequent pulse broadening.

The single photon detection is desirable for compact mobile stations and even for
the more powerful ones to range high satellites { Etalon, stationary ) and for lunar
ranging, obligatory. The laser pulse duration was chosen to be 20 psec, actually, the
natural pulse length for most of the existing lasers for ranging based on NdYag /
NdYap crystals. Any farther shortening leads to a complexity of the pulse compres-
sion and to pulse distortions mainly due to the atmospheric dispersion. Considering
any photodiode detection, farther shortening does not considerably -influence the
overall rms budget. Using the streak camera for ranging [P5] we verified experimen-
tally [P6] the theoretical range difference error 1.2 psec for 20 psec pulse duration.
The safety hazards is considerably lower for single photon detection and laser trans-
mitter is less complex, as well. To retrieve all information, applying the semitrain
concept, we modified [P7] data analysis procedures. However, the laser stat ion may
be operated in single pulse version, if desired. The new laser radar electronics is
based on IBM pc computer [P8].

Rauging low satellites having relatively low quality of predictions may be accom-
plished through the fast access to corrections during the pass and through two stage
visual tracking, when the 30cm Newtonian telescope may be equipped by sit/ficed
camera.

The results of SLR using the semitrain concept are shown in Fig.l. The his-
togram shows the distribution of echoes from different pulses of the semitrain. The
envelope represents, in fact, approximately the transmitted burst (multiple pulse,
semitrain) of pulses.

The concept of the receiver based either on a diode or a streak camera may allow
in future to provide multicolor ranging [P9}.
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New technologies R 1D for subcentineter ranging
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Satellite ranging summary
Helwan,June-September 1989
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System temporal stability
Helwan , June - July 1989
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STATUS AND PERFORMANCE OF THE SBG LASER RADAR
STATIONG POTSDAM AND SANTIAGO DE CURA

L. Grunwaldt, R. Heubert

Central Institute for Physics of the Earth
Telegrafenberg A 17

Potadam - 15681, G.D.R.

Telephone: 3100, Telex: 15305 vdepdm dd

J. del Pino

Instituto de Geofigica v Astronomia
Delegacion Provincial de 1a A.C.C.
Manduley 308 esg. 13, Vista Alegre
POBR 4085 v/ /o 4087

Santiago de Cuba Z.F.4, Cuba

Telex: 81254 cmict cu

Abstract

A short description of the 2nd generation systems of
stations 1181 Potasdam and 1853 Santiago de Cuba , based on
former photographic tracking camervras, is given. They are
capable of LAGEOS blind tracking with the help of a star
calibration method and can also range to the high-orbiting
ETALON satellites.

Both stations contribute regularly to the IERS.
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The laser radar stations 1181 Potsdam and 1953 Santiago de
Cuba are based on the former photographic tracking camera
8BG, & Maksutov-Schmidt-system with 32 cm effective diasmeter
of the receiver optics on & 4-axis wmount. Several
modifications allow its use as laser ranging systems with
Z2nd genersastion performance. A short overview of the main
principles is given here.

Receiver optics

The optical scheme of the receiver system is shown in Fig.l.
Because of the optical-mechanicsal layout of the S5BG mount it
ig impossible to install a Coude focus. So all the receiver
optics had to be placed behind the main mirror. The former
photographic unit was replaced by a secondary Cassegrain
mirror and & central hole was drilled into the main mirvror.
The use of a dichroic beamsplitier for separating the signal
photons allows the use of the main telescope for tracking
purposes. This is especially helpful in the case of high
orbiting, very falint objects as LAGEOS and ETALON.

" Setmidt - Plate

Cessegrain Mirror

L

" Main Mirror

nterference Filter

Dicroic
Mirrpr

AN

¥ ‘Opticat Shutter Photomultiplier

Field Stop
Eyepiece

Cross Wires —71—

Fig.1: Ortical scheme of SBG laser radar telescope {(not true
to scale !}



Mount

The original pointing accuracy of +/- 0.1° was lmproved by
h?rdware modificaetions and error modelling to about 1 minute
of arc.

For the use of narrow beams (Z20") & pointing accuracy of
about +/- 10" is obtained by observing the positions of

some stars brighter than 7th megnitude along the track of
the sastellite and finding the true position of the axes by
matching the cbserved and the catalog positions via the
station computer. In combination with the use of long-term
predictions of the LAGEOS position {edited by the University
of Texas), this procedure allows fully blind tracking of
LAGEOS, but the need of deriving true setting angles for
each individual pass via star observations prior to tracking
liwits this possibility to night and twilight pacsses.

The principal scheme of the laser transmitters of Potsdawm
and Santiago sites is shown in Fig. 2. A simple passive G-
switch ruby oscillator with short cavity length {about 20cw)
and high internal amplification produces TEM pulses of
about 3 ng pulsewidth, amplified by the yreaﬁglifier RZ
{mounted together with the oscillator rod Rl inside the same
punping cavity) and the external main amplifier rod R3.
Transmission with variasble divergence is done by the
Galileian telescope LZ2/L3. In the FPotsdam version, only a
single pass through the preamplifier is used. Due to the
mount construction, the laser has to be moved together with
the main telescope.

i—_ — Sz P2 P Sot %

k3 [ £ ﬁ grw--—g—l—-——-:lg l[
L2 8s w3 ! EF}%\\ Rz ___ \?Smsrs'

{ 10 = ]

! e ]

di
Oscitictor [ precmpirtior stage [output cutlicienmt for tracking

START of low satellites}

Fig.2: Optical scheme of the laser transmitter
D: dye cell;, S8Spl: 99% mirror (r=5im), Sp2: two-plate
etalon; Sp3...8: flat dielectric mirrors (88%)
PH1,2: pinholes of 0.8 and Z2mm diameter, resp.
ruby rod dimensions: R1,2: (8 x 120)mm
R3 {10 » 15Q)mm

[
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Control svstem

On-line computer control of the mount (3rd and 4th axig},
related electronics as laser firing, digital range gate and
readout of time-of-flight and epoch counters is achieved by
an 1EC 625 type interface with a desktop computer of 24
kByte operational memory (Santiago de Cuba: 8k + 16 k
external RAM) as a controller. A complete program system
for ephemeris prediction, tracking and dats reduction as
well as auxiliary programs for mount orientation and I1/0
routines are available.

An overview of the technical parsmeters of both stations can
be found in Table 1. Station 1181 Potsdam is operated since
1974 (until 1981 with 20ns laser), =ztation 1853 Santiago de
Cuba since 1985. Both are contributing regularly to the
International Earth Rotation BService since January 1988,
Potsdam station has been taking part since 1980 in all MERIT
and Post~MERIT sctivities. Examples of the datsa production
of both stations are given in Table 2.

Table 1: Technical parameters of stations 1181 and 1853

1181 Potsdam 1853 Bantiago de Cuba
Transmitter
Type Ruby, passive Q-switch {TEMOD)
Fulsewidth 3...5 ns
Max. output energy 250 md 800 md
Min. divergence 20"
Receiver
PMT type RCA C 310344 FEU 7¢
Quant. eff. (894 nm) 5...10% 3%
Control svstem
Bus controller HP 9825 3 EMG 666 B
Operational memory 24 kByte 8 kByte
{+168 kByte RAM)
Time base RIH ISNO
Cs—-clock Rb-clock/TV +
LORAN~C

Table 2: Hanging results of stations 1181 and 1953

1181 Potzdam 1953 Santiago de Cuba
Period 1.1, - 31.8. 1¢8¢8 1.1, - 31.12.1988
Pasgses of
~LAGROS 88 72
~low satellites 64 65
-ETALON-1 13 3 (1889



THE NETWORK OF LASER RANGING STATIONS

"CRIMEA”

Ju.L. Kokurin, V.V, Kurbasov, V.F. Lobanov
A.N. Sukhanovsky, S.G. Shubin

Lebedev Physical Institute of Acad. of Scienees of the USSR,
Leninsky Prospect, 53, 117924 Moscow, USSR

Telephone 1 132-07-26
Telex : 411 478 NEOD SU

ABSTRACT

Since 1883 erimean team of the Lebedev Physical Institute creates the network
“Crimea™ containing 2 stationary and 3 transportable stations for laser ranging of the
Moon and satellites. At the present time 3 stations are operationable and are used for
the regular observations of the satellites Lageos and Etalons. Here is given the deserip-
tion of the station “Crimea-1" and the status of the network.
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Crimean scientific station of the Lebedev Physical institute of the Academy of Sci-
ences of the USSR works on laser ranging of the Moon since 1983. At first the 2.6 m
telescope of Crimean Astrophysical observatory was used for observations. In the begin-
ning of eighties due to reduction of observation time in the telescope schedule to 20 nigths
per year the works were ceased, That was the reason for crimean team of the Lebedev
Physical institute to suggest the creation of ranging network “Crimea™ that should be
consist of 2 stationary and 3 transportable laser ranging stations (LRS), supplied by
proper telescope and intended for ranging the Moon and the satellites. Realisation th
this project was started in 1982 and now it is nearly completed. A number of industrial
and scientific organizations took part in this elaboration and now 5 main observatories
of the country are dealing with the exploitation of the “Crimea” network.

NAME ORGAN. of EXPLOITATION PLACE of LOCATION
CRIMEA-1 LEBEDEV PHYS. INSTITUTE KATZIVELY,CRIMEA
CRIMEA.2 LATVIAN STATE UNIVERSITY RIGA,LSSR
CRIMEA-3 MAIN ASTRON. OBSERVATORY KITTAB

Acad. of SC., UKRAINNIAN SSR

CRIMEA-4 ASTRONOMICAL COUNCEL. MONGOLIA OR
Acad. of §C., USSR

CRIMEA-5 MAIN ASTRON. OBSERVATORY, BLAGOVESHCHENSK
Acad. of SC., USSR

Tab.1. STATUS AND PLANNED DISPOSITIONS
OF “CRIMEA” NETWORK STATIONS

At present time only 2 stations are exploited in the planned places - these are the
stationary stations“Crimea-1” (Katzively) and “Crimea-2" {Riga}. The other stations
are arranged in the base observatories : “Crimea-3" - in Kiev, “Crimea-4” - in Simeiz,
“Crimea-5" - in Pulkovo. As far as they will be put into operation, the stations will be
moved to the points shown in Tab.1.

All stations of the network consist of nearly identical equipments being distinguished
by internal arrangement. As an example we give a description of LRS “Crimea-1". All
systems of this station are mounted in the building with the rotating dome.

Telescope

The optical diagram of the station is shown on Fig.1 The same telescope is emploied
for transmitting and receiving of light pulses, The teleseope has an altazimuth mount
system.



DIAMETER OF THE MAIN MIRROR 1m

FOCAL LENGTH 11.6 m
ANGULAR RESOLUTION 1
FIELD OF VIEW 407
ACCURACY OF POINTING 0.2"

TRACKING RATE IN BOTH ANGLES 0.7"/sec
DIMENSIONS lL3x18x19m

WEIGTH 650 kg

Tab. 2. SPECIFICATIONS OF THE TELESCOPE

A particulary property of the telescope is the sphericity of both the main and sec-
ondary mirrors. For compensation of spherical aberrations the secondary mirror is con-
structed as doubleconcaved lens with the alluminiun coating of the back surface. This is
the way of compensation of spherical aberrations for a number of discrete wave lengths.
as in our case for A=5320A, A=8873A, A=10800A.

Both in a stationary stations and in mobile ones the telescopes are placed on the concrete
bases. Fig.2 shows the telescope of LRS “Crimea-1" mounted under the dome.

Laser transmitters

In the Lrs “Crimea-1" three different modications of Nd:YAG lasers are used. The
optical diagrams of the lasers are shown in Fig.3, 4. 5.
The second and third modications of laser are used only in the station “Crimea-1" for
ranging the Moon (TL-2} and the satellites {TL-3). All other sation of the network are
equiped with the laser of the TL-1 type intended only for satellite ranging. Thus the LRS
“Crimea-1" is the unique station of the network equiped with the laser of 3-rd generation.

PARAMETERS TL-1 TL-22 TL-3
OUTPUT ENERGY 06.01-0.05 0.05-0.25 0.02-0.1
{joules)

PULSE WIDTH 2.5-3.5 1.5-2.5 0.5
(nanoseconds)

BEAM DIVERGENCY 10 3-4 2
(arcminutes)

EFF. OF FREQ.

DOUBLING

0.20 0.35 0.25
REPETITION RATE  1-10 1-10 1
(Hz)

Tab.3. Nd: YAG LASERS SPECIFICATIONS
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In all three lasers there are used the oscillators with unstable resonators formed by
spherical mirrors. Laser of the 2-nd type contains one 4-passed amplifier with phase con-
Jugation cell used for compensation of distortion of laser beam in the amplifier erystal.
In the laser of the 3-rd type the effect of phase conjugation is used for time compression
of the pulse.

Photoreceives

In the LRS5 “Crimea-1" 2 types of photoreceivers are used. As a receiver for satellites
ranging it is used the microchannel PMT “FEU-165", In this case the accuracy of the
timing electronics reaches 120 ps. But this receiver has low guantum efficiency (3 %)
and therefore it is not used for ranging of the Moon. In the lunar configuration of the
equipement the PMT “FEU-79” is used. The resulution reached with this PMT is lower
(250 ps) but quantum efficiency with the enchancement prizim on the photocathode is
equal to 15 %. In the receiver of this type it is used a holographic filter with spectral
width 1.5A and the transparency 20 %. Fig. 6 shows the optical diagram of the pho-
toreceiver with holographic filter.

Timing electronics and controlling equipment

For measuring the time delays and controlling the experiment it is used the chrono-
graphic system “PICAP” which consists of the event timer and computer. Tab., 3 shows
the major specifications of timing system.

TYPE CHRONOGRAPHIC

NUMBER OF CHANNELS 4 (1 START AND 3 STOP)

GATE POSITION 32 MSC - 6.7 SEC
GATE WIDTH 0.2 psec - 3.2 msec
RESOLUTION <70 psec

Tab. 3 EVEN TIMER SPECIFICATIONS

Lower limit of gate position depends on the time span that is needed for the compu-
tation of the ephemeris that has to be done between two successive pulses of the laser.
In the case of ranging the satellites with low orbits the diminish the lower limit of the
gate position.

In the controlling systemn the computer MERA-60 (64 KB) made in Poland is used.
This system provides the realization of the following functions :
- registration of the epoch time,

- chronography of the events,

- computation of delays,

- time gate control,

- repetition rate control,

- control of the peinting and guiding the telescope,

- preprocessing the date, plotting the histograms of resuduals.

Calibration

For calibration it is used an internal target (screen) placed on the mirror M (Fig.
1). A part of the beam path from the screen to the primary mirror of the telescope

80
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STATUS OF THE CAGLIARI SLR STATION AND THE LASSO EXPERIMENT

A, Banni

Astronomical Observatory, Cagliari, Italy

In 1875 the Astronemic Station in Cagliari bought a ruby laser
and acguired a Contraves cinethedolite and so we were able to start
nuilding the SLER station.

N
H

ir; the seccond half of 1988 the laser tation sterted working.

5]

It was very difficult to operate pro seriv our old laser, in
fact the flashlamps were not to be found anvwhere and the
calibration was hard.

Ls regards the telescope the original electromechanic and
electronic assemblies were cubstituted so that the instrument we

have al our disposal now is enough versatile and preci

]
m

via serial port RS232 it is possible to send it contrels both
velocity (from 10 arcs toc 17 degrees per second) and absolule
positioning. {with the precision of 0.1 mrad). o

Oree solved the most important problems, starting fz‘ozxﬁ 19{?1 of
September our attention was been addressed to the LASS0 Experime:

Ty, fact our station belongs to LASSO USERS as so called “one
way” system, it means that we send synchronized laser pulses to
Meteosat 3 without receiving echoes.

Table 3 shows the first sessions of the LASSO EXPERIMENT.

Just something worked not well: the fire trigger is not right,
we are looking for a better one and beam divergence is toc large.

At the moment we are trying to improve our system and we are
planning to substitute our ohsolete laser with a new cnel NEODYMIO

or TWO COLOURS system.

ERiN
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Gur research activity a

)

upply facilities Lo the groups of
Within the Hmits of the EFarth
Station in Cagliari implements the
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Zenithal Telescoped.

TAB. ! - STATION FEATURES

STATION NUMEER TEAE IPUNTA S84 NI

3 O
4 ety -
LENGTH H

TAB. 2 - LASER SYSTEM SPECIFICATION

Oscillator rod 1875 om AR comted ruby

5 o { Ty -
coated 1 EE_
~

Amphfier LARIL om
G- Switel

Cavity configuration Flat-Flat, pulse-on swWitching

Wavelength 89403 nm

ine width 0.0 4 FWHYM tvpica!
Outputl energy I Joule in % ns pilse wideh
Beam divergernce 3 mrad

Repetiticn rate 680 per minute maximuom




TAB. 3 - LASSO EXPERIMENT PERFORMANCES
AT CAGLIARI OBSERVATORY

EPOCH LASER FIRING NOTES
FIRES PERICGD
Sépi 19 371 0,603 WARMING UP THE Q"QTY‘%
TGO HIGH FREQUENCY
Sept 21 - - FLASHLAMF BROKEN
Sept 22 644 1.960 AVAILABLE ONLY THE

INTERXAL TRIGGER

Sept 25 302 1.960 AVAILABLE ONLY THE
INTEENAL TRIGGER

Sept 26 - - BAD WEATHER

Sept 27 - - ACQUISITION SYSTEM
FATLURE

Sept 29 260 1,960 AVAILARLE ONLY THE

INTERNAL TRIGGER

REFERENCES
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Status Report of the Modular. Transportable Laser Ranging Systems MTLRS#1

P. SPERBER
INSTITUT FUR ANGEWARNDTE GEODISIE
FUNDAMENTALSTATION WETTZELL
DER FORSCHUNGSGRUPPE SATELLITENGEODASIE
D-5493 Korering

P. WiLsox
INSTITUT FUR ANGEWANDTE GEODASIE
RICHARD-STRAUSS-ALLEE
D-6000 FRANKFURT AM Maix 70

Abstract. In this paper a report is given on the performance characteristics of the
German Modular, Transportable Laser Ranging System MTLRS#1. Tracking resuits
of the last vears are summarized and plans are presented for future activities into the
early 1090°s. The technical status of the system is described and plans are given for 4
systen upgrade.

1. Introduction

since 1984 the Maodular Transportable Laser Ranging System MTLRS#1 has supphed the nter-
national network with jfaser ranging data from 15 sites in Burope, Asia and North Amerjea Despite
the fact that tracking time is lost during transport between sites, the system has a demonstrated
capability of tracking nearly 300 Lageos passes per vear with a single shot accuracy of 4-5 eny.
Even so. sone degradation cccurs, Cgoasaresult of the atmospheric and vibrational iufluenees
encountered s the mobie envirenment, and the technical relizbility can only be maintained with
an increasing effort on the part of the crow. Apart from this though. ay upgrade is nere

SRArY Lo

improve the ranging aceuracy (o current stapdards, ve. a stngle shot rms of 1 om or lietter.
2. Systemn Results Over the Past Year and Campaign Perspectives into the 1990
2.1 Brief Remarks on System Performance (984 - 1988

Table T gives an overall picture of MTLRS#1 tracking since delivery of the svsten iy June 1984,
Due to the resting of the svstem the number of passes obtained in 1984/85 was rather low. Both
Starlette and Ajisal were tracked during the early vears, but from the outset, Lageos tracking hias
received priority and the most significant results 1o date Lave been obtained with a single saellite,
As a result of a tong occupation at Richmond. Florida and the long transpartation times between
sites in Florida, Colorads and Caifornia, ouly three sites were occupied iy the US A m RS

In normal vears, with nominal travel times of 3 1o 7 days between sites the systern has tracked
between 250 and 300 passes (the 1000tk Lageos pass was tracked this year in Yozgat).

22, WEGENER-AIEIILAS Campaign 1089
During the current vear the svstem has been operating in the Central and Easterns Mediterranca

he tracking schedule foresaw operations at five sites, viz, Lampedusa Island (Italv), Karitsa
{Greeee). Yorgar (Turkey), Diyarbakir (Turkey) aud Kattavia (Rhodos, Greece} in the Sequenre,

Typeser by A TN
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A map of the area showing the sites and the occupation times is given in Fig 1. A period of
annual maintenance preceded the campa{gn {January to mid March 198%) and a similar activiiy
will follow the completion of this vear's field activities after the system returns to Wetizell at the
end of December.

Fig. 2 shows the weekly tracking for 1989 until end of september. With good weather the
system has tracked about 4 passes per day, irrespective of whether the satellite was available
during daytime or night. The average over the year to that date is 10.2 passes per weck with 7.5
passes during daytime and 2.7 passes at night. This means that on the average a site occupation
lasts about 5 weeks in order to obtain the required 50 passes. Under the best conditions, with
excellent weather, no technical defects and a crew working 7 days per week, MTLRS#1 has »
demonstrated capability of completing a site cecupation in 14 davs.

In this best case, the system has been able 10 track 95 % of al} available Lageos passes exceeding
40 degrees (zee Fig. 3). Due however to weather and system down time, the vearly average is only
43.1 % (with 42.3 % of daylight passes and 45.5 % at night). These numbers are only averaged
over the time spent on-site.

A further important statistic addresses the number of normal poime derived {or a single Lageos
pass. Here there is a significant difference between daylight (average 8 44 novmal points; this good
result is mfluenced by the abnormal high amount of normal points per pass in Divzu‘bakir) and
might-time {average 10.3 normal points) passes. For this vear an overall average of 893 nonnal
points per pass has been obtained.

2.3, Perspectives into the 19907

In setting up the WEGENER-MEDLAS P;'ojv('t an agreement with NASA was reached which
foresees the d':‘hif“z\'s1'af-=s'n of MTLRS#D v the US A in alternate vears, In exchange for this a
TLRS s operated in Europe during the WEG l NER-MEDLAS field campaigns The agreement
currently covers the p(—:mod up to the end of the Crustal Dynamics Project 1n 1991, but tentative
agreement has been reached between the HAG and NASA 1o extend the arrangement into the
years beyond and present plans visualise the {ollowing schedules:

e December 1988 through March 1690: annual maintenance addressing primarily the exchange
of damaged optical components and electronic repairs in Wettzell:

o April to Deceniber 10900 re-cccupation of three sites {Flagstafl, Platteville and Owens
Vallev in the Western US. as part of the ongoing observations in the NASA Crustal
Dynaniies Project:

o Januany o December 19010 systens upgrade designed to improve ranging accuracy ard
operational hardware reliability

Grield Emlfof 1681 co-location with SLR systems, probably at twe sites in the USSR,
(Simeiz and Riga):

s 1892 participation in the WEGENER-MEDLAS Project and in the TOPEX-Poseidon Pro-
Ject in the Mediterranean area,



3. The Technical Status of MTLRS#1 before and after Upgrade

The following is a summary of the hardware status of MTLRS#1,

L]

The total system has been operational since 1984 without major maintenance. The only
siguificant technical change covered the replacement of the HP 1000 Model 3 by the HP
ABOO in 1987, The system has full daylight ranging capahility and defivers ranging data
with a single shot accuracy of 4-5 em. The system averages 400 - 500 returns per Lageos
pass and operates at the single photo-electron level. Following the upgrade the single sho
r.mes. should be about 1 e and the return rate should increase. System reltability will be
improved, and due to Software chianges, data acquisition within the pass will be speeded

up and the efficiency of pass schieduling will be matched to the increased compliment of

satellites requiring to be tracked.

The optical components of the emitting system {Nd:YAP laser with 370 psec pulse duration
and 8 mlJ output energy} are in good condition. Even 0, laser faitlures resulting from the
harsh environmental operaling conditions have increased over the Jast vears. During the
upgrade the current laser will be exchanged for a new system with 30 psec pulse duration
and 30 mJ output energy. This will lead te improved ranging accuracy. An independent
cooling system will be introduced and calibrated contro] monitors in the optical path will
facilitate remote control adiustment of the oplical elements.

The telescope
dust in the optical path and damage 1o the coatings of some optical elements. These faciors
must e taken into account iy the course of the next years and some maintenance mayv be

NECESSAary,

To improve the single shot rans., the photo-multiplier tube and the constant fraction dis.
criminator in the current receiver package (e present PMT has a rise time of 3 nsec) necds
to be changed for a micro-channel plate with fast rise time (300 psec) and high quantung
efficiency (18- 15 %) and a matching constant fraction discriminator. A received energy de-
tector will be introduced and used to exclude the influences of multi-photo-electron returns
on the data cocuracy

To mect Tuture requirements some changes in system tracking software will he NECESSAr Y,

These include the facility for prosramiming the sequential tracking of high {Lageos 1,2.3,
“ i o < I o 3

Flalon 12000 and low {Starlette Ajixai, Stella, FRS-1, TOPEX-Poseidon. b osatellites

along with the software 1o read out and recard the out puat of the recelved energy detector

Furthermore, software will be incorporated for generating normal points in the field.
& o

some additional sub-svstems should be added 1o anprove the handling of the systern and
overafl data accuracy. These include:

- A high accuracy meteorological recording system with automated read-cut {or Pressure.
teruperature and humidity during tracking,

- A CCD camera to assist in the determination of system orientation (star observations)
and the Coude alignment of the telescope. The exact adjustment of the system will result
in a significant inerease in the return rate as well as facilitating more avtomation 1n the

tracking proceduress

- Improvements have already been made 1o the communications svslem {incorporation of

INMARSAT) which have influenced systemy reliabilivy and speeded up data distribuiion
Only minor changes will be necessary in fature {data link to the 1FAG computers in Wettzell
and Frankfure; Telefax, ete.)

s an good condition, though some problems are CIMETEING 88 & consequence of
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4. Summary and Conclusion

‘The Modular, Transportable Laser Ranging System MTLRS#1 is an important contributor 1o
the infernational satellite laser ranging network. Currently the system is leading the productivity
of the mobile systems, but the single shot rapging accuracy (4-5 em). performance and reliability
of the system, due to its age, are no longer "state of the art”. It is our hope and expectation that
by mid-year 1991 MTLRS#1 will again be one of the most advanced SLR systelns.
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STATUS OF THE SATELLITE LASER RANGING
SYSTEM AT METSAHOVI

Matti Paunonen

Finnish Geodetic Institute
[imalankatu 1A
SF-00240 Helsinki, Finland

Telephone: 358-0-264994
Telefax: 358-0-414946

Telex: 16207310

Earn/Bitnet: Geodeet®@Finfun

Abstract. The partialily upgraded Metsdhovi satellite laser
ranging system is briefly described. The ruby laser trans-
mitter produces pulses with 100 mJ energy and 4.5 ns du-
ration at a rate of 1/8 Hz. The range noise to the close
satellites and the marginally reachable Lageos is 15-35 cm.

1. INTRODUCTION

This report looks briefly at the status of the partiaily
upgraded Metsdhovi satellite laser ranging system (7805).
The system become operational in 1978 and used 25 ns long
Q-switched ruby Taser pulses. The range noise to various
satellites, including Lageos, was 0.3-1.5 m. As these
figures were becoming outdated, a programme to upgrade the
system was started in 1985, The most obviuos constraining
factor, the pulse duration, was shortened externally by an
electro-optical shutter to 4.5 ns, a value typical for
second-generation devices.

2. EQUIPMENT

The ranging equipment is basically the same as that
reported earlier /1-3/. The major changes so far have been
a new laser head, an electro-optical pulse shutter, faster
electronics to handle % ns pulses, an image intensifier
coupled to the guiding telescope and a new station computer,
The main specifications are given in Table 1.
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Table 1. Specifications of the Metsihovi satellite laser
ranging system

Laser Ruby, 694.3 nm, Q-switched, external
pulse shuttering mode normalily used

Pulse duration 4.5 ns (shutter mode) 20 ns (Q-switched)

Pulse energy 100 md ! ) 700 md{ ; )

Repetition rate 1/8 Hz

Beam divergence 1 mrad {after collimating telescope)

Interference filter 3 nm

Receiving optics 630 mm diameter paraboelic mirror

Photomultiplier RCA C 31034, quantum efficiency 10%

Time interval counter Nanofast 536B, 0.715 ns resclution

Timing processor Nanofast M/2 half-maximum unit

Range gate Computer controlled, 2 ps resoiution

Telescope mount Equatorial, sidereally driven, off-

setting with stepper motors (one step
equal to 6 arcsec), computer controlled

Tracking Automatic, point-to-point, speed
1.5 degrees/s maximum

Computer 16 bits, 32 kWords (DCC 116, similar to
Data General Nova 1200}

Station timing Quartz oscillator HP 105B, phase~locked

to Loran-C, time comparison with GPS
time possible

Calibration External, flat target at a distance of
333.32 m
Range capability 7700 km to Lageos (shutter mode)
20 000 km to Etalon-1 (Q-switched)
Range noise 15-35 ¢cm to close Earth satellites

20-35 ¢cm to Lageos
(50-100 ¢m, Q-switched)

The original Korad K1 laser head was replaced with a new
laboratory-made laser head, which uses two 10 mm diameter,
100 mm long linear flashlamps in series, a close-coupled
ceramic pumping reflector and a ruby rod 9.52 mm in diameter
and 101.6 mm long. The pumping energy dissipated at the
operating level is 1250 J, The laser is situated on top of
the telescope.

To shorten the laser pulse, a high speed electro-optical
shutter was installed between the laser and the collimating
telescope. The constructed shutter (or sticer) /4/ consists
of a double crystal Pockels cell, parallel thin film polar-
izers, a special single chain avalanche transistor circuit
(22 transistors, 6.2 kV operating voltage) and the trigger
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¢circuit, The shutter is able to cut a 4.5 ns long pulse
from the mother (-switched laser pulse. A slight residual
leakage (pedestal), less than 5%, remains outside the main
pulse., This leakage creates some additional scatter in the
calibration and satellite range measurements. 100 md energy
is obtained from 500 mJ (-switched energy. Increasing the
Q-switched energy does not increase the shuttered energy
because of the intrinsic delay in the shutter electronics
and the diminishing pulse duration.

The performance of the M/2 half-maximum time discrimi-
nator has deteriorated somewhat., The results of a recent
test are shown in Fig.1.,; the original threshold was about
0.2 V /3/. An available Tennelec TC 454 constant fraction
discriminator has a much better measured time walk, being
not more than 0.1 ns within 0.1-4 V dinput. However, it is
not very suitable for use with the current ruby laser
pulses because of leakage energy. In fact the results of
test measurements, especially in calibration measurements,
have been inferior to those with the half-maximum detector,
as predicted theoretically /5/. Some modifications to ex-
ternal circuits might improve performance. Additionally the
saturation of the amplifier limits the dynamic range of the
receiving electronics to 5 V. Over this value a gradual
time walk towards shorter delays will take place /6/.

1 i
0 1 2 3 4
INPUT VOLTAGE (V)

=

Fig. 1, Time walk of the Nanofast M/2 half-maximum timing
discriminator.
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A second-generation image intensifier was coupled to the
20 c¢m Celestron-8 guiding telescope. All sun-1it satellites,
also Lageos and Etalon-1 and Etalon-2, can be seen at night,
which has been a. great help in finding the correct peinting
angles.

The station time can now be controlled to 1 Us accuracy
by comparing the Loran-C controlled quartz clock with GPS
time through cable connection to the neighbouring Radio
Research Station of the Helsinki University of Technology.

The laser station has got a powerful new computer, a
Data General Eclipse MV/2000DC. This computer produces the
satellite predictions using SAD elements and the QIKAIM
orbit program. The predictions are transferred through a
slow line to the old tracking computer, which can take only
170 points in one run. The range measurements are screened
with the station computer using a Kepler orbit or observed
minus predicted range differences and polynomial fitting.

A sophisticated satellite prediction program, ORBIT, de-
veloped at the Royal Greenwich Observatory, Herstmonceaux,
UK, has also been installed and used for comparisons. The
program employs accurate long-term Lageos predictions dis-
tributed by the University of Texas.

3. SATELLITE RANGING RESULTS

The first ranging measurements to Lageos using the short
pulse were made in March 1936, Because of the small return
energy, the single photoelectron (photon counting) method
was used. Owing to the diminished energy, the return rate
was dropped to 5-25 pulses per pass, compared with about
50-100 returns per pass when the full Q-switched pulse was
used. However, the single shot precision improved to 20-35
cm. The system has not been very productive in ranging to
Lageos. Ranging to another distant satellite, Etalon-1,
which is at 20 000 km distance, has been found marginaily
possible using the Q-switched pulse. Because of the small
number of data points, data screening of Lageos obser-
vations has been somewhat critical. Inclusion of one devi-
ating point may spoil the whole set. A test /7/ showed that
use of the least sum criterion (L1-norm) in orbit fitting
permitted more reliable detection of a wild point than use
of the least squares method (L2-norm).

Ajisai is a suitable target for ranging from Metsdhovi
because of its orbit height, 1500 km, its inclination,

1500 km, and its high reflecting power. About 80% of all
observations since 1986 {about 3500) has been obtained from
Ajisai. The success rate within a pass has been over 75%
down to 15 degrees elevation. Oscilloscope monitoring has
shown that the return energy may in fact be too high,
Further, the distribution of the residuals is often un-
balanced towards shorter ranges, which obviously means that
pulses from the photomultiplier and the amplifier are satu-
rated. A pulse height monitoring system will be constructed
later. The measured precision has generally been 15-35 ¢m
for Ajisai and Starlette passes. An example of orbit pre-
processing of a Starlette pass using a polynomial fit to
the observedminus predicted range differencesis shown in Fig.2.
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Fig. 2. Range residuals of a Starlette pass obtained by
fitting a polynomial to observed minus predicted
(0-C) range differences.

4, DEVELOPMENT WORK

The start-stop tracking method with the slow computer
program still in use reduces the laser repetition rate to
close satellites to about eight pulses per minute. The
number of predicted points per run is limited to 170.
Development of continuous tracking system using servomotors,
high-resolution position encoding with resolvers and
resolver-to-digital converters has recently started. The
tracking operation will be controlled by a slave processor
{a computer card using a Harris RTX 2000 processcr) in-
stalled in an AT-type PC. This computer will aiso manage
the ranging operations., The existing HP 5370B time interval
counter and Tennelec TC 454 timing discriminator will be
used, Connection to the station computer will be via an
Ethernet cable. To correct pointing errors in the mount,

a computer program similar to /8/ is under testing.

The improved tracking system allows a Jaser with a higher
repetition rate to be used. The natural choice is a Nd:YAG
Taser, and so after discussions /9/ a Nd:YAG laser with a
positive branch unstable resonator was seiected. The optical
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scheme of the constructed laboratory model is almost similar
to the laser used at the Katsiveli laser station, the Crimea
/10/. The telescopic resonator uses a concave mirror with a
radius of 500 mm and a convex mirror with a radius of -140
mm and a diameter of 2.6 mm. A saturable absorber using
colour centers in a LiF crystal (LiF:Fz) was used as the
Q-switch /11/. The Nd:YAG rod is 9.52 fim in diameter and
P15 mm in Tength. When the initial transmission of the Q-
switch was 11%, a pulse with about 300 md energy and 2.8 ns
duration (FWHM) was obtained /12/. The repetition rate was
1 Hz. The beam divergence was less than 1 mrad. Conversion
to the second harmonic wavelength (532 nm) is satisfactory,
the measured value being at least 35% with a KD crystal.
The measured pulse duration was 2.2 ns. A Galilean tele-
scope with a designed magnification of 15 is available for
beam collimation. Thus the transmitted bean divergence
could perhaps be under 0.1 mrad at a minimum. This promises
at least 100 times higher radiance than that now avaitable,
thus greatly improving the ranging possibilities to Lageos
and the Etalons. The new Nd:YAG laser will be installed

on the existing laser mounting.

A Nd:YAG laser with 2 ns pulses is only an interim so-
lTution, taking into account the general status of laser
ranging to satellites. Development of a mode-locked laser
has been going on as a background project for several years,
In 1987 a mode-locked Nd:YAG laser oscillator with a self-
filtering unstable resonator concept was tested /13/. lLater
a cavity dumper was installed and a single pulse with 10-

15 md energy was obtained /14/. In the near future, adouble
pass amplifier will be added. This should produce about

200 mJ output energy, which could be converted to 100 mJ in
green. The laser components fit on a table measuring 300 mm
by 1700 mm, which is c¢learly too large for mounting on top
of the telescope. Plans to acquire a new altitude-azimuth
mount with a Coud& path were recently abandoned. In orinci-
ple a Coud& path could be installed into the existingmount.

The geodetic ties of the laser station to the other space
geodetic systems will be improved. A DORIS orbit determi-
nation beacon is situated at a 7.5 km distance of the Jaser.
A transportable VLBI station MV-3 from the National Geodetic
Survey, US, visited the DORIS site in 1989. The coordinates
of the same site have also been determined in a European
GPS campaign.
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