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ABSTRACT

To fulfill the requirements on the laser ranging systems, the soft/
hadware package of the Helwan station was significantly modified in period
1982-84. The max. ranging reprate was increased up to 5 pps. The mount poin-
ting accuracy was increased implementing the mechanical inaccuracies software
modeT. The automatical comparison of the time base to the Loran C signal was
put into operation,



UPCGRADING THE COMPUTER CCNTFROL OF THE INTERKOSMOS LASER RANGING
STATION IN HELWAM

Software package for the Satellite Laser Fenging Station in Helwan,
Egypt was presented at the 4th Workshcop, 2ustin 19561 /1/. This software
was used untill June 19&3. The significiant modification and expansion
were carried out in the period 1983-84.

SATELLITE POSITION PREDICTION

It is based on SAC prediction routines. The new perturbeation
calculation scheme (GRIPE) was inplerented /2/. The prediction program
merory recguirements were reduced (<32Kkbytes), the special operating
system for prediction is not required more.

To make the prediciton algorithm more effective, twe stegp
interpolation of predicted position is used. In the prepass phase,
the gatellite position (x,v,z) is computed = 10 points per pass only.
The satellite position is then interpolated ¢nto 150 points, the
satellite topocentric coordinates are computed, the mount mechanical
inaccuracies are software compensated (program PPP). In the on-line
phase, the quadratic interpolation is used.

CONTROL, SOFTWARE PACKAGE

The control software peckage was significantly modified mainly
because of the ruy laser transmitter replscement by Mode Locked Train
YAG Leser /3/. The software had to take into acccocunt that:
- higher repetition rate of lacer firing is recuired,
~ 30 arcsec positioning accuracy must be achieved,
- only the single photo-electron echoes are acceptable.

CALIBRATION _

The main features of calibration program include:
Programmable reprate up to 10U Hz, parallel resding and raw data
processing from two ranging counters (HP536(A, HP5370B), independent
time ranging gates for both counters in two ranges ( fixed target

- 7500m, internal pass ~2m), statistical check of the single photo-electron

level determined on-line by the ratio : transmitted laser pulses to
detected pulsecg. The ratio must be higher than 5:1.

The calibration results confirm that nresent accuracy of the
Helwan system is determine¢ mainly by sinale photo-electron PMI' jitter
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/4/. The ranging counter HP5370B is used for calibration only.

SBTELLITE TRACKING
There are two programs simultaneously loaded into memory, which
share the system commen block for data handling. Using a different
priovities and Resource Number flag, the synchronism of the programmes
execution is guaranteed. ’
The segmented background programme ETY keeps the structure c¢f
the older SATEL. The tracking segment of this programme uses a 4
second loop. During one loop:
results are avaluated and stored into disc file
range resgiduals are displayed on the cperator CRT conscle
and transmitted into HBP85 for on-line grephics display,
ccwputation of 4 mount settings and gate positions are carried out,
on the console is displayed : time, mount setting, no. of stops
within the gate for the last 10 shots, range residuals.

The gmall foreground proaram hes a higher computing priority.
Timing of its internal loop is checked by flag derived from the leser
trigger pulse. The trigger pulse is generated and synchronised tc
Station Time Base by Laser Clock. This programme transmites data to
Step Motors Controller and Time Gete Window Unit and reads results
from Laser Clock {epcch timer) &nd range counter.

jhe internal structyre of the loops in this prograrme depends on
appl ied repetition rate of the lscer triggers, which can be 1 pps, *
2.5 pps and 5 pps.

i

GRAPEICS

working with a train of picosecond pulses at the single
photo~electron level implies poor signal to noise ratio. In this cases
the graphical cutput of range regiduals versus time is simple method
to reccgnize the retrosignal from noise on-line and off-line, as well.

The personal computer HPESF (graphical CRT and graphicel printer
build In) wes instzlled. The range residuales ({(+/- 3usec for low
setellites, +/-lusec for Lageos) aere displayed on the screen , 15 or
30 minutes of tracking per screen.

MOUNT ORIENTING AND EREFOR COMP ENSATION

To increase the mount positioning accuracy, the mount pointing
accuracy is checked, the error model Ls computed. The mount error
wodel 4% taking into account:

~ the mount gears eccentricities 4 parsmeters
~ the nonperpendicularities 2 parameters
~ the coordinates offsets 2 parameters .

The first four parameters are determined on the basis of mechanical
measurements and ground aiming tests, the others sre determined on
the basis of the star cbservations. Ten to thirteen suitably distributed
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tars are uged. The interactive program (Stare) is used for the star
catalogue manipulations, selecking of the obgerving star socuence
#

The star position is monitored visually using an aiming telescope
{50em) . The program MMP evaluates the ({Llour) mount paremeters on the
basis of the star observation results /6/.

TIME BASE

Station time base 1s based on the FBP5(61l Cs frecuency
standard/clock. As the epoch reference, the loran C signal (Mediterranean
chain) is used. Laser Clock is synchronized from cesium clock.
Fropagation dalays of the LOERAN C transmitters (Master, Slavesg X,Y,%)
were calibrated in 1983 by cesium flying clock.

2n automatical comparison of the local time base to the LORAN
C signal was oceveloped. The system consist of:
~ LOEFAN C signal receiver + LORAN C rate generstor
- delay generator
-~ oscilloscope
- epoch timer (Laser Clock) + computer + programme LORNT.

Principle of operation:

Output from LOPAN C rate generator is ccnnected to input of epoch
timer instead of Laser ETART pulce. The phase ¢f the generator is
adjusted to correspond to the phase of the received Loran signal. The
oscilloscepe is used for this pupose. Recording the phase of the rate
generator by the epoch timer, taking into account the delays, one can
cepute the difference between the station time base and the Loran C
timing signal.

The program LORAN ig runnino in the loop and is resposible for
- reading the date from the Epoch Timer (Ti) -~ computinag of the
nearest Time of Coincidence {TOC) ,
~ computing the time difference (Di) according to the formulas:
Di = (Ti - TOC —-n*P )
-F < DL < P
where P is the Loran vericd and n is sn integer.
- computing the mean of ten readings,
- identifying the transmitter according to the value of Di,
- applying the corresponding deleay.
Copleting the procedure for all the transmitters available, the
welahted mean is computed, the protocol ies printec.

POSTPAESS FANGING DATA ANALYSIS

This part of the Station Scftware Package was significently
expanded. The programs for noise rejection and orbital fitting programs
were coimpleted. The accuracy of the raw results from calibretion and
satellite renging (2—-4nsec rmsg) is given by the laser pulse train
envelope. Using the "Mode Locked Train YAG Lacer KRenging Deta Procesging”
coftware peckage /5/ the data are converted into "like single pulse®
form and the subdecimeter rms level 1s achieved.



400.

fBeferences

/1/ A.Novotny, I.Prochazka, Software package for station SAO NQ.7431
Helwan,Egypt, in Proceedings of the Fourth International Worksheop
on Lacer Fanging Instrumentation,held at Austin,USP,1981,p.&9

A2/ J.H. Latimer,D.M.Hills, .. Vrtilek,A.Chaiken,D.2.Arnold and
M.R.Pearlman, An evaluation and upgradina of the SRO prediction
technioue, in /1/, p.%

/3/ H.Jelinkova, Mode Locked Train YAG Transmitter
in this Proceedings

/47 K.Hamal, I.Prochazka, J.Gaignebet,Mode Locked Train ¥YAG Laser
Calibration Experiment, in this Proceedings

/5/ I.Prochazka, Mode Locked Train YAG Laser Ranging Data
Processing, in this Proceedings

/6/ R.L.Ricklefs, Orienting a Transportable Alt-Azimuth Telescope
in /1/, p.289



401.

MODE LOCKED TRAIN YAG LASER RANGING DATA PROCESSING

I. Prochazka

INTERKOSMOS
Faculty of Nuclear Science and Physical Engineering

Czech Technical University
Brehava 7, 115 19 Prague 1, Czechoslovakia

Telephone (2) 84 8840
Telex 121254

ABSTRACT

The method of processing of laser ranging data collected using the pas-
sively mode locked YAG train laser is decribed. The algorithm for resolving
of individual peaks in measured ranges histogram and system internal noise
determination is explained together with the crosscorrelation methods for
system calibration constant evaluation. The low satellites, Lageos and cali-
bration ranging results are included.
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MODE LOCKED TRAIN YAG LASER RANGING DATA PROCESSING

The INTERKOSMOS satellite laser ranging station in Helwan 1is
using the passively mode locked train YAG laser transmitter since
late 1982 /1/. The laser generates the train of pulses, 70psec each,
spaced at fixed distance 2.0 nsec, most of the energy is ccncentrated
within 3 pulses. The ranging system operates on the single PE signal
lsvel only. The software package for the mode locked train (MLT) laser
ranging data processing was developed., Its final goal is:

a/ to find out the ranging data sets internal structure, to resolve
the echoes from the individual laser pulses within the train,
b/ to determine the calibration constant and system internal noise,
¢/ to convert the ranging data into the "like single pulse" form.
In comparison with the TLRS 1 /2/, the spacing of the pulses
in the train is much smaller. It is dictated by the laser construction
and stability reguiremets /5/., However, decreasing the MLT pulses
spacing, the analysis of the measured signal becomes more critical.
Several laser transmitters with MLT pulses spacings l.6~2.2nsec were
tested during 1982-84. The value adcpted (2.0 nsec) is a compromise
between the laser stability and the data analysis limitations.

The fundamental procedure in the MLT ranging data processing
is to find out the function, describing the distribution of measured
values. Suppose the hypotetic ranging system using an individual short
laser pulse, single PE ranging, The distribution of the measured
ranges may be described by the Gaussian distribution function. Its
offset determines the measured range, its dispersion the system noise.
For a ranging system using the MLT laser, the problem is more complex.
Keeping in mind the shape of the train of transmitted pulses, START
discriminator /4/, single PE ranging, one may conclude: the measured
values distribution function will be a superposition of the Gaussian
disrribution functions of unknovn amplitudes, egual dispersion and
offsets, differing one to another in the value of pulses spacing
within the train.

N
Yﬂ ra 2
F{e) =/ a . exp {(~(t-o-k.p Si2.8 )) (1)
bs-i k
where T amplitudes,

o ... Offset,
s ... dispersion
¥ ... pulse spacing in the frain.
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Thus, having a set of measured data, one can find out the unknown
parameters s,0,2. (For the system, in which most of the energy is
contacned in 3 pulses, the value N=2 was found to be optimal.} The
measured data distribution is expressed in the form of a histogram,
the unknovn parameters of the function (1) are computed using the non
linear least sqguare fit process.

On figures 1 to 4 are the prinits out of the ranging data analysis
precedure for calibration, low satellite and Lageos, respectivelly.
The upper histogram corresponds to the measured data distribution,
the lower ones to the computed distripution function F. To check the
solution stability and confidence, the whole procedure is repeated
for different histogram constructions fcell width, starting point/,
totaly 5x4=20 solutions are calculated.

The complete ranging data analysis is carried out in 3 steps:
-~ the satellite ranging residuals are evaluated using algorithm /3/,
the distribution functions for the ranging and calibration are found,
- the calibration constant is determined : extremely simple /and
fast/ algorith is used to crosscorrelate the ranging and calibration
data and to assign to each rarnging data histogram peak the ccrresponding
one from the calibration data set. The accurate value of the calibration
constant is evaluated from the computed calibration data offset
adding/substracting integer multiples of the train pulses spacing.
~— the measured values are folded.

Conclusion

The mode locked train laser ranging data analysis procedures
were tested by a large number of numerical simulations, indoor
calibration tests and real satellite ranging and calibration runs.
The minimal number of echoes regquired for anralysis depends on the
system noise and the pulse train length. Typicaly, 50 range measurements
are sufficient to form a stable sclution, although the succesfull
data analysis for the set of 30 echoes occured.

The ultimate limit of the ranging system internal noise, for
which the mode locking structure may be resolved with the acceptable
confidency within the ranging data is 0.32 times the pulse spacing
within the train,

Special attention was given to the uncertainty caused by the
multipulse character of the laser transmitter. It may cause a systematic
error in range measurement of integer multiples of the spacing of the
wilses within the train /4/. Calibration tests to internal and/or
external targets were carried out to find the calibration constant
determination confidence during 1984 mission. It was found, that in
at least 90% of the mesurement series, the calibration costant was
determined correctly. in the remaining cases, the errors +/- 2.0 nsec
occured. On fig.5 there is histogram of pre-postpass calibration
differencies /6/, the distribution of the gsystematic errors may be seen.

If the mode locking structure can not be resolved within the
ranging data set, the data may be treated as beeing acguired by the
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SLR working with the single pulse of few nsec length. In such a case,
the system internal noise {RMS) ranges from 2 to 3 nsec.
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ABSTRACT

The Goddard Space Flight Center (GSFC) Laser Data System
supports and manages the flow of laser data products from satellite
laser ranging stations to the international laser data user community.
The GSFC Laser Data System performs quick look data management, opera-
tional orbit determination, orbital data analysis in supporting the
acquisition message and scheduling requirements of the international
laser tracking community. The Data System supports the production and
distribution of laser data products including quick look data, the
monthly global full rate MERIT 1 data tape, and eventually aggregate
laser data. The production and distribution of laser data through the
GSFC Laser Data System involves supporting stations, GLTN Communica-
tions System, the GLTN Bendix VAX Computer System, the Crustal Dynamics
Project Data Information System (DIS), and the Crustal Dynamics Project
Investigators.
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GLTN LASER DATA PRODUCTS

DATA FLOW

The Goddard Space Flight Center {GSFC) Laser data System supports
and manapges the flow of laser data products from satellice laser
ranging stations to the international laser data user community.

The GSFC Laser Data System supports and is supported by laser
stations from around the world including the Goddard Laser Tracking
Hetwork {GLTN}, Australian Laser Network (ALN}, Participating Laser
Network (PLN), Cooperating Foreign Laser Wetwork (CFLN), and others.
artachment 1 is a data flow schematic of the GSFC Laser Data System,
which includes supporting stations, the GLTN Communications System,
The GLTN Bendix VAX Computer System, the Crustal Dynamics Project
Data Information System (DIS), and the Crustal Dynamics Project
investigators.

The GLTN Communications System receives and transmits quick look
data, tracking operations reports, quick look analysis results,
acquisition data, scheduling information, and other station in-
formation. The GLTN Communications System uses a Micronet 8 to
support communications bhetween the laser stations, the GLTN VAX
Computer System, and Investigators through Direct Distance Dialing
(DDD), TELEX, GE Mark 3, or NASCOM.

The GLTN VAX Computer System supports the management, processing,

analysis, and quality control of satellite laser data. Raw satellite ¥
data from GLTN, ALN, and PLN stations is managed, processed and

merged with processed data from CFLN and other supporting stations

te produce a montly global data tape in the MERIT 1 format. The F
GLTN VAX Computer System also supports quick look laser data management,

operational orbit determination, and orbital data analysis used for

acquisition message generation and network scheduling. Data processing

and orbital analysis results and supporting data quality information

from tracking stations and investigators are used on the VAX Computer

System to produce data quality evaluation information which supports

the quality control of the monthly global MERIT | data tape and other

lager data products.

The Crustal Dynamics Project Data Information System manages, distributes,
and archives processed laser data to support the laser data user
community. In managing laser data, laser data information and investi-
gator results, the DI5 is the primary interface between the laser data
production community and the laser data user community.

The laser data user community is comprised of Crustal Dynamics Project
investigators and other scientists doing research in Crustal Dynamics,
earveh rotation, orbit determination, instrument calibration, data
evaluation, and other sclentific applications.
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HERIT DATA UOLUME  (Attachment 2)

Lasey data productivity bas increased sharply during the MERIT
Campaign which began in September 1983, The GSFC Laser Data
System has received quick look data from 28 different inter-
national lazer stations and full rate data from 22 different
international laser stations since the beginning of the MERIT
Campaign. During the MERIT Campaign the mouthly glebal pro-
cessed data tapes have averaged over 600 satellite passes and
over one half million satellite ranging observations per month.

LaSER DATA PRODUCTS

Satellice laser ranging observations have been traditionally
available to users inm either quick look or full rate form,

quick look data meeting the requirements for users necding

immediate access to data and full rate weeting the requirements

of users who need the complete precision data set. The recent
increases in worldwide laser data productivity have led a

number of users to investigate data compression techniques to

improve computer efficiency in using very large full rate laser

data sets. Statistically compressed or apgregate data is needed

as a new laser data product. Operational production of aggregate
laser data te supplement the quick look and full rate data products
is very likely in the near future. Attachment 3 highlights important
characteristics of the quick look, full rate, and aggregate data types.

Quick look data is typically produced on site using generic calibration
techniques, and is transmitted te the GLTN Communications System daily,
making it available to users within approximately 48 hours. Quick look
data is generally randomly sampled with only gross filtering to provide
a good representation of the full rate data set. Quick look precision
and accuracy is generally comparable to full rate. Intermittent data
problems occasionally impair quick look data accuracy. Many of these
problems are corrected during full rate processing. Quick look data
quality is adequate to support scientific applications and orbital
maintenance. Operational quality control using quick look data can

be very effective if on site data editing does not compromise the
representation of the full rate data set.

Full rate data is typically produced offsite using analytic calibration
techniques and is generally available within three months. Data
editing is limited to provide the most information in a complete
precision data set. The primary advantage of full rate data is that

it has the necessary data visibility to perform precision data quality
control. Full rate has been traditionally used to support scientific
applications.
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LASER DATA PRODUCTS con't

Agpregate data will probably be produced offsite [rom Tull rate data

and should also be available within three months. Aggregate data

will be produced by using a statistical wodel to compress the full #
rate data set into a much smaller precision data set. Aggregate

data accuracy should be virtually identical te full data accuracy.

The improved computer efficiency of aggregate data will make it

ideal for scientific applications. Quality control of laser data

using the aggregate data set will be very efficient and should

lead to improved techniques using orbital analysis of the global

data set. Precision data problems requiring special invesLigation .
can be resolved by referring back to the full rate data set.

Improved data compression techniques or specialized data compression

requirements are likely to evolve in the future. The archived full

rate data set can be reprocessed to meet new future aggregate data

requirements,

)
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PERFORMANCE AND EARLY OBSERVATION OF THE SECOND-GENERATION
SATELLITE LASER RANGING SYSTEM AT SHANGHAI OBSERVATORY

Y. Fumin, Z. Youming, S. Xiaoliang, T. Detong,
X. Chikun, S. Jinyuan, L. Jiagian

Shanghai Observatoryv Academia Sinica

Shanghai, China

ABSTRACT

The satellite laser ranging work at Shanghai Observatory has been
presented on the Fourth International Workshop on Laser Ranging Instru-
mentation held in Austin, Texas in 1981. The development of the second-
generation SLR system at Shanghai Observatory was begun in 1978, and
has been supported by the Academia Sinica. It is a product of the com-
bined efforts of several institutes under the Academia Sinica. The system
design demands and scheme were presented at Shanghai Observatory. The
mount of the system was designed at our obhservatory in collaboration with
the Changchun Satellite Observation Station, and manufactured by the Chang-
chun Institute of Optics and Fine Mechanics. The servo subsystem, torgue
motors and tachometers were developed and fabricated by the Shenyang Auto-
mation Institute. The Nd:YAG frequency-doubled laser was built by the
Shanghai Institute of Optics and Fine Mechanics. The receiver, timing sys-
tem, hardware and software of the computer control system were developed
at our observatory. The mount was instalied at Zo-Se Section of Shanghai
Observatory in March 1983. The integration of the system and measurements
of ground target were followed. The experimental ranging to satellites was
started in October, and the first echo from LAGEQS was successfully re-
ceived on November 7.
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Performance and Early Observation of the Second-Generation
Satellite lLaser Ranging System at Shanghai Observatory

I. Introduction

The satellite 1laser ranging work at Shanghai Observatory has been
presented on the Fourth International Workshop on Laser Ranging
Instrumentation held in Austin, Texas in 21981.11] The development of the
second-generation SLR system at Shanghai Observatory waz begun in 1978,
and has been supported by the Academia Sinica. It is a product of the
combined efforts of several institutes under the Academia Sinica. The
system design demands and scheme were presented at Shanghai Observatory.
The mount of the system was designed at our observatory in collaboration
with the Changchun Satellite Observation Station, and manufactured by the
Changchun  Institute of Optics and Fine Mechanics. The serveo subsystem,
torgue motors and tachometers were developed and fabricated by the Shenyang
Automation Institute. The Nd:YAG fregquency-doubled laser was built by
the Shanghaili Institute of Optics and Fine Mechanics. The receiver, timing
system, hardware and software of the computer control system were developed
at our observatory.

The mount was installed at 2o0-Se Section of Shanghai Observatory in
March, 1983. The integration of the system and measurements of ground
targets were followed. The experimental ranging to satellites was started
in Oc¢tober, and the first echo from LAGEOS was successfully received on
November 7.

II. Performance

The characteristics of the system are listed in Table 1. The main
observation object of the second-generation SLR system is LAGEOS, so that
the receiving telescope is specially designed for two purposes: one is
for receiving the laser return signals, the other for visual detection
of the faint satellites, such as LAGEOS. The coude optics is prepared
S0 as to install conveniently the high power Nd:YAG laser and to ensure
its stabillity. In order to operate smoothly the mount at low angular
velocity and reduce the error of mechanic drive, two axes of the mount
are directly coupled with torque motors. The optical encoders have 20-
bit resolution (1.2 arc seccnd).

The optics of receiving telescope is of Ritchey-Chretien configuration
and the field-of-view for receiver is adjustable from 30 arc seconds to
7 arc minutes in seven steps and the field-of-view Ffor visual detection
is 30 arc minutes. The width of interference filter is 10A. The type
of photomultiplier adopted is GDB-49, a kind of tube made by the Beijing
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ftuclear Instrument Factory, Beijing, China, which has a 1.7-1.9 nsec risctime,

a gain of 3x107, and a 200 psec transit time 3Jjitter. The measured time
walk of the receiver electronics, including PMT, pre-amplificr, constan%
{2

fraction discriminator and computing counter, etc., is less than 0.5 nsec.
The HNd:YAG laser has been continuously operated for nine months without

any heavy repairs, such as replacement of rods ©r mMirrors. The maximum
output energy in 5320A is 330 m3j in 4-5 nsce duration Lime (FWHM), and
the efficiency of frequency doubler is ahout 45 per cent. The maximum

repetition of the laser is 3 Hz, but only 0.5 or 1 Hz is adopted in routine
operation.

The wobble in each axis of the meount 1s held toe 1 arc second, and
the pointing accuracy of the mount is hetter than 10 arc seconds with
systematic errors not being corrected. The alignment of the coude mirrors
and transmit optics is made with the aid of a lateral transfer prism set,
which will be added at the front ends of both the receiving telescope and
the transmitter, if need be. It has been shown in the experiment that
the drift of the transmit beam arose from the rotations of two axes of
the mount is less than 5 arc seconds and the parallelism between the transmit
axis and the receiving one is better than 6 arc seconds.

Fig. 1 is the block diagram of the SLR system at Shanghai Observatory.

Fig. 2 1s the block diagram of the SLR servo subsystem.

Fig. 3 is the optical scheme of the NG:YAG frequency-doubled laser.

IIX. Preliminary Observation Results
The first echo from LAGEDS was received on November 7, 1983. The
visual tracking mode with joystick had been used, because the software
of the microcomputer had not been completed yet, sc¢ that the number of
successful observations per pass was only 10-20. The maximum range we
obtained was 7100km, and the lowest elevation angle of LAGECS was only
40 degrees.

We have transmitted the guick-look data of LAGEOS to NASA/Goddard
Laser Tracking Network, United States. These preliminary observation data
have been analysed by the Center for Space Research. The wuniversity of
Texas at Austin. (3] Table 2 1s the summary of residuals of LAGEOS guick-
look data obtained from Nov. 7 to Dec. 4, 1983, Shanghai SLR station. Fig.
4 is a typical range residuals of LAGEOS, taken by Shanghai station, Dec.
3, 1983 and it has shown that the accuracy of our data for signle shot
is about 16 cm. Only using the above 7 passes LAGEOS data, a preliminary
adjustment of our station coordinate has been done by the same center {Table
2}).

It was rain seascon during the intensive observation period (April
to June, 1984). Thus only a dozen successful observation passes have been
obtained from Wov. 1983 to July 1984. Afterward, we have got the long-
term precise prediction ephemeris of LAGEOS and relevant software from
the Center for Space Research, the University of Texas at Austin, and adopted

the "position mode” for LAGEOS ranging. The azimuth, elevation of telescope
and range gate (0.5-1.5us} have been mannually set by observers every 30
seconds. The single photoelectron receiving system has been developed.

The first blind track to LAGEOS was obtained on Sept. 3, 1984. Since then,
above-mentioned limitations have been broken free from, and the successful
observaton passes have been greatly increased. We have obtained 21 passes,
341 ocbservations during 571 minutes of tracking to LAGEOS (no editing)
in September, and 13 passes, 264 observations during 342 minutes for Oct.
1 to Oct. 26 (the writing moment). Up to now, the maximum range is about



B542 km, the lowest elelvation angle of LAGEQS is 20 degrees and the maximum
number of the observations in a pass is 61, and the longest trackine arc
of LAGEOS in a pass is 45 minutes.

IV. Future Plans

By the end of this year, we hope that the computer control system
will be available, and the SLR system will be automatically operated.
Further improvement on the performance is under consideration. A contract
to build a WNd:YAG {requency-doubled mode-locked system that nominally -
produces up to a 30 mj, 200 psec FWHM pulse with repetition rates up to
1G pulses per second has been signed with the Shanghai Institute of Optics
and Fine Mechanics, and the new laser will be delivered to the observatory
in 1386. In the meanwhile, a new 16-bit microcomputer system will be added
toe improve the control and data collection capabilities of the present
system. Therefore, we hope that a third-generation SLR system will be in
operation in 1986-1987, and do more contributions to the geodynamicé
applications.

Acknowledgement : The second-generation SLR system would have not been
operated if we had not been in cooperation with before-mentioned those
institutes and had not bad many colleagues' help in the work. The auvthors
are indebted to each of them. The authors would like to express their

gratitude to Prof. B.E. Schutz, the University of Texas, at Austin, for
his kind help in data analysis.
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Table 2 SUMMARY OF LAGECS QUICK-LOOK DATA RESIDUAL
SHANGHAT SLR 3TATION*

PSHANGHAI 3TATION COORDINATES:

837 SRANGEAI

ALTITUDE = 29.0230

LONGITUDE = 121.191740599 De
LATITUDE = 31.0497527357 Degrees

NCE ELLIPSCID FOR STATICN COORDINATES:
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AN = 5320.0 Angstroms
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*
Obtained from Nov.7 io Dec.4,1%83%, and anzliysed by Center for Space

-+

Research, Universiiy of Texzas at Aastin.

Preliminary Sstation Coordinate solution,
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REPORT OF THE ACTIVITIES OF THE LASER STATION GRAZ-LUSTBUEHEL

G. Kirchner
Observatory Lustbuehel
Lustbuehelstr. 46
A-B042 Graz Austria

Telephone (0) 316 42231
Telex 31078

ABSTRACT

An overview of the laser ranging activities at the observatory Graz-
Lustbuehel during the last two years is given; modifications of the system
and their result on the measurements accuracy are described.
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REPORT OF THE ACTIVITIES OF THE LASER STATION GRAZ-LUSTBUEHEL

In the year 1979 the installation of a third generation satellite
laser ranging system was initiated at the observatory Graz-lLustbuehel.
First test measurements to LAGEOS started in April 1982. Since October 1982
the laser station Graz is fully operational.

Up to now about 450 passes of LAGEOS, STARLETTE and BEACON-C have been
measured (fig. 1). The single shot RMS jitter of the measurements is now in
the range of +/- 2 cm to +/- 4 cm for all satellites (fig. 2).

The lgser measurements can only be made during night time (from mid-
night to 67 in the morning) due to restrictions from the aircraft authorities.

Laser

The laser system, made by QUANTEL, consists of a passive mode-locked
Nd:YAG laser (100 ps pulse width; 10 Hz/5 Hz/2.5 Hz repetition rate; 100 mJ
per pulse at 532 nm) and an additional ruby laser (passive Q-switched; up to
0.25 Hz; 3 ns/2.5 J or 6 ns/4 J).

A1l results up to now have heen obtained with the Nd:YAG laser at a 2.5
Hz repetition rate; most times the single pulse energy is kept in the 30 to
50 mJ region; this provides enough energy for LAGEOS while keeping power
densities at mirrors etc. low. Some passes of LAGEOS and STARLETTE have
been measured with pulse energies of about 2 to 5 mJ without major problems
(the last amplifier of the Nd:YAG laser was switched off).

Mount, telescope, detection package

The mount and telescope system (CONTRAVES) has proven high reliability;
one of the most useful features is the ISIT-camera. About 2/3 of all passes-
allow visual observation of the satellite (night time); therefore the
absolute pointing accuracy requirements can be somewhat diminished, while
sti11 allowing blind tracking, if necessary. Furthermore, it reduces the
necessary re-alignment work: Although there is some drift of the mirror
mountings in the Coude path, readjustment of these mirrors is done only in
intervalls of about 6 months or more.

The detection package still uses the relatively slow RCA 8852 PMT, a
conventional HF amplifier and the Ortec 934 constant fraction discriminator.
puring the jast year some effort has been made to optimize this package
(adjustment of the discriminator, use of different amplifiers, different

high voltages of the PMT etc.). As a conseguence, the RMS jitter of the
measurements went down from the initial +/-5 cm to +/- 8 cm and more to

“around +/-2 cm to +/-4 cm (fig. 2).

The Ortec 934 discriminator still produces some time walk, especially
Tor the multi-photon-electron returns of the lower satellites; therefore
a Tennelec TC454 constant fraction discriminator has been bought and will
be installed during the next months. With this and some other modifications
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it is hoped to reach an even better single shot accuracy.

Timing and calibration

Some improvements have been made in the timing system. The 1-Hz-pulse
and the 10 MHz standard frequency are transmitted via fibre optics from
the TUG time laboratory (within the ohservatory) to the laser room; there
the standard frequency is distributed to all instruments.

The transmission and distribution of the standard frequency introduced
some noticeable jitter into the measurements; therefore a new fibre optic
transmission and distribution system was developed and built hy the TUG time
laboratory; this new unit was installed at the end of August 1984, lowering
the RMS jitter of the laser measurements again (fig. 3, RMS jitter of the
calibration values; notice the step at the end of August 1934). Details of
this unit are described in another paper (D. Kirchner).

Pre- and post-calibration measurements are done to a fixed target in
about 460 m distance; during calibration, the laser is attenuated to about
2.5 micro-doules before transmission via two mirrors; this results in single
photon-electron detection, as with satellites, and avoids the sometimes
dangerous full power ranging to terrestrial targets.

Differences between pre- and postcalibrations are most times Tess than
1 cm, but show a systematic trend of about 0.4 cm in the average, probably
caused by some temperature effects within the system, but up te now not
clearly enough identified.

Pass-to-pass variations of the calibration measurements are within a few
centimeters, caused mainly by small variations of the initial manual setting
of the PMT high voltage; if this voltage remains unchanged, the variations
are below 1 cm.

Conclusion

The Graz laser station has now operated for almost two years on a seven
days per week schedule. The most severe restriction during this time was the
small allowed time of observation between midnight and 6°° (restriction from
aircraft authorities); the lack of observations in May and July 1983 (fig.1)
s due to the absence of any satellite passes within this allowed observation
time; other periods with no observations have been caused by more or less
continuous bad weather. About 5 % of all possible passes have been lost due
to technical problems.
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FIRST RESULTS FROM SATELLITE
LASER RANGING ACTIVITY AT MATERA

F. Palutan, M. Boccadoro, 5. Casotto, A. Cenci, A de Agostini
Telespazio S.P.A., Roma

Telephone 64 987 254
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A. Caporali
Physics Department,
University of Padova

Telephone 49 661 1499
Telex 430176

ABSTRACT

Since September 1983 the Matera Laser Ranging Station has been tracking
passes of LAGEOS, Starlette, Beacon-C, six days a week, on the basis of sche-
dules provides by SAO and, more recently, by GLTN, In twelve months, more than
300 passes of LAGEOS have been observed. In many cases we had between 500 and
800 returns per LAGEQGS pass, working at a pulse repetition frequency of 0.5 Hz.
The range data for most of LAGEOS passes have a r.m.s. precision between 10
and 15 cm (1 sigma), as is indicated by the comparison of r.m.s. of polynomial
fit of range data and the results of detailed calibrations. In this paper we
review the system performance and report on preliminary results from the data
analysis, in particular on the determination of the station coordinates within
a network of laser stations, and preliminary baselines estimates.
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FIRST RESULTS FROM SATELLITE
LASER RANGING ACTIVITY AT MATERA

1. INTRODUCTION

The Matera Laser ranging station operates since September
1983 under an agreement between the National Aeronautics and
Space Administration (NASA) and the Consiglio Nazionale delle
Ricerche - Piano Spaziale Nazionale (CNR/PSN}Y. Most of the
egquipment is an upgraded version of the Smithsonian
Astrophysical Observatory (SA0) laser ranging system which
has been operational at Natal, Brazil. The site near Matera
was selected for several reasons, particularly because of its
position in the Mediterranean area, its known seismicity,
local geoclogy (bed-roek) and weather conditions. The active
suppoart provided by the local Government of Regione
Baslilicata proved to be very important at every stage of the
project. Telespazio provided technical suppart for the
construction of the station and the installation of the
equipment, and presently operates the station wunder a
contract with CNR/PSN.

The construction of the statiom started in late 1982. In the
same period, Telespazio engineers spent two months at the SAO
station near Arequipa (Peru) and at SAO0 Headquarters 1In
Cambridge, Mass., becoming familiar with the equipment and
maintenance procedures.

In Spring 1983 SAO0 and Telespazio engineers jointly took care
6f the installation of the ranging system in the station, as
well as of the final tests. Since January 1984 the station
operates solely with Telespazio personnel.

In this paper we review the system performance and discuss an
estimate of the overall level of repeatibility of the range
measurements. Our analysis of calibration measurements

indlicates a precision between 10 and !5 c¢m for LAGEOS and
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between 4 and 8 cm for Starlerte.

Preliminary results are presuented on the sclentific work
centered on the use of the data from the international laser
network for the estimation of geodetic parameters, as Matera

coordinates, and eurcopean baselines.

2. SYSTEM PERFORMANCE

2.1. GENERAL

A summary of the main technical data 1is given in Table 2.1.
The characteristics of the upgraded SA0 system are well known
and we refer to the paper by Pearlman, Lanham, Wohn and Thorp
(1) for their discussion.

With the exception of time synchronization system, some
technical difficulties have been encountered, mostly due to
aging of the equipment mainly at the beginning of operation.
One of the most remarkable problems, during the first months
(late September, October and early November 1983), has been
the bad performance of the pulse chopping system which caused
up to 10%Z of the pulse amplitude to be leaked in a leading
edge extending as much as one half the length of the
unchopped oscillator pulse (20 ns FWHM). As a consequence it
often thappened that, wupon reception of the pulse, the
stop-~channel was anomalously triggered, especially when
working at low return areas.

After some weeks of work and testing, the problem was fixed.
The overall performance of the chopping system resulted
considerably improved (leakage below 4%Z) even in comparison
to the nominal level of performance.

No major problem was encountered 1n the start-stop sSystem.

2.2. TIMING STABILITY

The time system in Matera 1s based on two rubidium frequency

standacrds. Since the beginning of October we anticipate the
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teplacement of the primary standard with a HP 5061 cesium
standard, procured by NASA.

Due to the vicinity of the LORAN-C station in Sellia Marina
{about 200 km due South), synchronization to UTC (USNO) can
be controlled to within | microsec by wmeans of an Austron
2100 receiver of LORAN-C signals.

"A posteriori™ check is done by means of an independent
technique called TV SYNC. The method, proposed by prof. S,
Leschiutta (2) (3), consists in comparing the second provided
by the local clock with the epoch of the First vertical
sync-pulse broadcasted by the national TV network. When two
stations simultanecusly compare their 1local second with the
common TV sync-pulse, they can deterwmine thelr relative time
offset.

This method assumes a pre-synchronization of the clocks to
within 10 msec, to avoid ambiguity with adiacent pulses which
in fact are 20 msec long, according to Italian standards.

The precision of the time synchronization can be as high as 1
microsee, provided that the differential time of propagation
of the TV signal between the two stations is known to the
same accuracy (e.g. clock trip).

The advantages of TV sync are low cost and simple
instrumentation, possibility of making measurements during
each TV transmission and of monitoring the local time with
respect to the national time scale which is maintained by
Istituto Elettrotecnlco Nazionale (IEN) in Torino. A somewhat
cumbersome feature of the method is that a procedure of data
exchange must be set up between the stations.

The behaviour of the Station Primary Standard with respeet to
UTC is shown in fig. 2.1. The initial synchronization to UTC
was made on July 29, 1983 using the portable Cesium clock of
IEN. This synchronization will be repeated in the occasion of
the installation of the new cesium standard.

Although - as mentioned earlier - the synchromnization to UTC
could be precise to within 1 microsec, the local station time
1s permitted to drift from UTC (USNO) up to + 20 microsec, in
order to limit the number of resettings of the cycle-counter

or of the frequency of the master oscillator. The epoch of

_a;lg;;-
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the observatbigns..are ecorrected. to within:l mierosec during
the data preprocgssing phase-

So far, the average stability of the Primary:Standard has
been about 2 x 10“12 (occasionally 5 x 10rk39;‘so that the
resetting of the, cycle counter is necessary:every 3-4& months.
Only three  resettings ..of . the frequency-: of. the master
oscillator were up to now (August. 1984) necessary-.

Every timepjump,is recorded on paper .tape-.and noted in the
log-book. We have notad that the time<jumps cani.sometimes be’
caused by electrostatic, ,discharges ; or:fluctuations -in ' the
power supply from. the regional network. For this reason an
autonomous power supply system 1s Ybeing considered: ‘to

guarantee  the negessary, stabilityand gontbouddy. svo tow reds

Cn il iuitna ey omo mnihmoeguh .eesilil o Ciieooh ol

i
RS N TRRN RTRTY TR TRIT TR & S VIR FIL R S PR PR R AL B E : Lo

2.3, CALIBR&T;pNh‘S‘;ﬂAB I‘L,I;Eg{ Wi e v ;?:vjjlé».i SETRL pie d SRS O
R L T e E T RI NI RN P I O TR grb Y wmuEET Tt pe b v e

All calibrations are made by ranging to a target board placed
at a distance from the station of about 1.17 km. The

separation hetween the center of the target and the Az-El

axes ilntersection of the laser mount has beegyageprabtigly .

surveyed by the Istituto Geografico Militare Italiano (IGMI)
and is reported on Tabe Zeloi: oo Loadosss wie wuddbioing
Differggggﬁ .between .the ,surveyed, value, and  the values
obtained by, lager ranging are caused fn,part,by,gradients of
the aigﬂaeﬁrggt?pg index?a%gggyggggl;nghof:gight,_Lm part by
internal system drift. o o

The first type of changewjnwpéghflgg&th is. correctable by
means gfylogal_meteo dgtq}qu aﬁﬁta§q§5§ﬁgggmugah Qur main
concerg,hﬁﬁhbggn‘tq use thekggjibrgﬁigpAdﬁgghppimpnitqr the
system drifts and to have an estimate of, the achievable level
of repeatibility in ranging te the target.

We distinguish , betyeen ,detailed target.,calibrations and

“prepass—postpass cglibrations,. s,y s 2 Carerw g i

Detailed target calibrvatlon consists in ranging to the target
and examining the response of the detection system to return
pulses of various level of strength. We fire a number of

pulses {25 to 100) and attenuate the returniag light by m=aas



of a neutral density filter at the receiving telescope. 1In
thls way we simulate the respanse of the detection system Eo
pulse streagths typical of LAGEOS (0.3 to 3 photoslectrons)
and of Starlette (3 to 100 photoelectrons).

Fig. 2.2 summarizes the results of the detailed target
caiihrations done so far., The “leakage™ problem mentioned in
subsect. 2.1 is evident in the first period of opevration. Far
the remaining data we see that the level of systenm stabiificy
is between 0.7 and 1 nsec (i0 to 15 cm) for low areas of the
return pulses (up to 3 photoelectrons) and about 0,3 nsec (9%
cm) for areas of the return pulses greater thaa 3
photoelectrons.

Pre-pass énd post~pass calibrations are made with different

nautral density filters, depending on the satellite.

Fig. 2.3 plots the difference between pre~pass and post-pass

calibrations for the Lageos passes since beginning of
operations: in most cases, these differences are below 0.2

nsece.

3. SATELLITE TRACKING

At Matera satellites are tracked on the basis of six nights
per week, following schedules provideé by the Goddard Lasar
Tracking Network (GLTN). LAGEOS is given top priority during
the night. Starlette and - on a lower priority - Beacon~C are
tracked also on daytime.

As part of the offline operations at the station, thae
computer generates schedules of observation. These are
memorized on magnetic tape (Linc ~ Tape) and are used during
the online operations (prepass calibration, satellite
tracking, postpass calibratlion).

During each pass, the tracking system is monitored by the
operators wﬁo ingervene to maintain optimal tracking

conditions by:

~ operating "early-late" corrections on the timing of pulsae

emission, in order to keep the satellite under conditions

434,
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of optimal i1llumination, thus minimizing the effects of
non linearities in the photomultiplier;

= @attenuating the recelving signal whenever the electronics
of the detection system is going to respond non linearly;

= varying the range pate, e.g. to lower background noise or
minimize the risk of wmissing the satellite;

- «changing the field of view of the telescope;

- <changing the voltage of the flash-lamps, to have the
required energy;

- modifying the trigger threshold of the chopping system, to
maintain the chopping pulse near or slightly before .the
maximum of the oscillator pulse, to maximize the energy of

the output pulse and keep leakage within tolerance.

In fig. 3.1 a "tracking budget"™ is summarized since the
beginning of operations. "Successful passes" have at least 20
returns.

A pass is acquirable when maximum elevation is above 20
degrees. For LAGEQOS the pass must take place during the
night. For Starlette, nightly passes cannot conflict with
LAGEDS.,

In fig. 3.1. one recognizes that bad weather still is the
main reason for unsuccessful tracking.

In order to improve the planning of the shifts, a METEQOSAT
receiver was installed on December 1983.

Its data have proven most useful in local weather forecasting

and other operational activities,.

4. ANALYSIS OF THE PASSES

Since the beginning of the operational activity of the

station, our group Is also performing data -analysis, as shown

cin flg. 4.1,

The "full vrate”" data produced at Matera are saved on
linc~tapes and regularly shipped to GLTN. In order to have
these data available in & short rtime for pass-analysis, a

procedure was developed to transfer the data on 9-~track
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magnetic tapes.

The data are then systematically processed by the
pass—analysis program with the VAX at Telespazio. In this way
we could keep a record of some interesting information for
each pass, such as duration, total number of returns, r.m.s.
of "best-fitting" (in the weighted least squares sense)
polynomials, number of "good" returns (i.e. residual less
than 2.5 r.m.s5.), the difference between pre and post—pass
calibration.

Fig. 4.2 gives an example of "historical record"™: the r.m.s.
of post-fit residuals of the raw data of each pass to the
"best-fitting" polynomials is plotted as a function of time.
Initially we had the leakage problem mentioned in subsection
2.1, so that large r.m.s.’s are not surprisiang in passes from
late September to early Novemher.

Apart from that, on average the r.m.s.’s are between 10 and
15 c¢m for LAGEOS and 4 to 8 cm for STARLETTE.

We consider this result very interesting, because iU i1s fully
consistent with the system precision independently measured
during the detailed target calibrations (see subsection 2.3).
HYoreover, this level of intrinsic repeability of the ranging
system at Matera 1is also in agreement with the values
provided by SAO oun its latest upgraded equipment (4).
Finally, we have worked on several orbital solutions with
GEODYN, wusing LAGEOS full rate data from ! to 15 October 1983
(about 12000 observations from 13 stations) and from 10 to 25
November 1983 (about 11000 observations from 13 stations).
The statistical analysis of the passes over Matera (the
coordinates of which were estimated) show that the Matera
welghted residuals have a r.m.s. value of 23 ecm for the
cctober data and of 19 cm for the november data; the total
r-m.s. of residuals for all the statlous are respectively 18
cm and 17 cm. These values are slightly larger than the
estimates obtained through target calibrations. This increase
In r.m.s. values can be Interpreted In terms of uncertainties

cf the force model of the order of 15 cm (1 sigma).
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5. PRELIMINARY RESULTS OF SCIENTIFIC WORK

Our data analysis work 1is part of a scientific project of
iavestigation of Crustal Dynamics in the Mediterranean Basin
endorsed by PSN-CNR and approved by NASA within the
Geodynamics Program.

The three maln goals of our work are:

- to monitor the Matera coordinates and. compare the laser
estimates with those obtazined by means of Doppler and
conventional ground-based surveying;

- to obtain polar motion estimates with increasing time
resolutlon, possibly one-day or bhetter;

=~ to compute baselines joining Matera to other laser

statlons, particularly rthe ERuropean ones. -~

Estimates of Matera coordinates with several techniques and
obhtained by differed Institutions are given in Tab. 5.!. The
estimates with GEODYN appear to bhe significantly repeatable
independently of the analyst and of the set of data.

Table 5.2 . contains prelimianary estimates of european
baselines. We vemark that these estimates, obhtained by wmeans
0f a multiparameter dynamical solution with GEODYN, await for
comparison witcth a similar solutlion using other sets of full
rate data or normal points, and with solutions obtained with
the translocation method.

We have verified that adjusting the coordinates of the polar
axis and OUT1-UTC at a frequency higher than the usual five
days decreases the r.m.s. of the post-fit residuals of a few
centimetres.

It is possible that polar wmotion has structure with gnearly
diurnal pericd, In the reference system we use. We are

working on solutions with diurnal or even semi-diurnal

“adjustments of the pole coordinates;, and the results will be

published soon.
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6. CONCLUSION

In 1981 one of us attended at the 4° edition of this
Symposium at Austin, Texas. In that occasion the Ldea of
placing a lasar station in Southern Tealy was Firste
conceived, particularly because of the interest and support
of the late prof. G. Colombo.

Three years later, the Matera station is a reality, thanks to
the support provided by Pilano Spaziale Nazlonale and Regione
Basilicata, the collaboration from Colleagues of ILtalian and
Foreign Institutions, particularly NASA-GSFC, EG&C and SAQ,
and the dedicated work of the Station Team, led by Mr., W,
Sacchini.

The work done permits te report at this Symposium on
preliminary technical evaluations and scieatific results.
S5till considerable work remains to be done. We feel that the
data analysis can probably be continued systematlcally, since
adequate software is available. For the future, most of the
effort will have to be pur in the replacement of the actual
equipment with a third generation laser system in Matera, and
in the construction of a transportable system, for the

systematic surveying of some reference baselines in Italy.
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LASER SYSTEM

- wavelength

~ energy/pulse

~ pulse width

- firlag frequency

OPTICS

= transmitting telescope
-~ beam divergence

~ recelving telescope

=  mount type

— pointing &accuracy

- slew rate
~ pass—band filter

PHOTOMULTIPLLER

- type

= quantum efficiency
— gain

- rise time

TIME AND FREQUENCY SYSTEM

- frequency standard

~ estimated stability

- synchronization

- resolution of interval
counter

CALIBRATION

- external target

- standard deviation of
the detection system

- short term drift
(prepass - postpass)

METEQO SYSTEM

- Meteosat receiver

- digital pressure seunsor

~ digital temperature
sensor

- digital humidity sensor

COMPUTER
— Data General NQVA 1200
(16 bhit)

440,

6943 A°
0.5 joule
3 as

30 ppwm max

galilean, 12.7 c¢m lensg

2 arc min

Cassegrain, 50.8 cm mirror
Az—-E1l, computer controlled
+ 30 arcsec, with thermal
“control of backlash

2% /sec

3 A°

Amperex XP2233P
4% v

3-4 x 10

2 ns

Rubidiu
2 x 10 12
Loran C/TV Sync

0.1 ns

1172.190 m

+ 1 nsec at 1 p.e.
0.1 ~ 0.5 nsec

24 h coverage
resol. | mB

resol. 0.1 C
resol. 1%

32 k core memory

TABLE 2.1.

TECHNICAL CHARACTERISTICS OF THE
540 LASER STATION AT MATERA



SOURCE LATITUDE LONGLTUDE HEIGHT X
(deg) {deg) ()} (m)
IGM (ED79) 40°38°59%.2245 16742719%.6437 490.22
(FEB 83) .
DOPPLER 407 3B 55" .546 167427 16".097 505.2 4661973.9
(SEPT 83)
GTBS (24.3.84)  40738755".004 16°42°17".824  516.2Bl 4641945.5
(1-15 SEPT 83)
CEODYN {15.3.84) 407 38755".7783 16°42718™.6955 525.242 4641966.9
(i~1% JAN B4)
UNIV. OF TEXAS  40°38’55".7484 16°42°16".6608 528.385 4641%67.7
(5L5.1)
GEODYN (20.8.84) 40738755".7969 16742716".6761 528,970 4641966.4¢6
(1-15 OCT 83)
GEQDYN (30.8.84) 40°3B755".7834 15°642716".6821 528.75) 4643566.52
(10~25 NOV 83)
GEODYN * 40°38°55%.79 16°42° 16" .69 528.9
(OCT 83)
ELLIPSOID GTDS : R = £378.144 1/F = 298,255
GEODYN : R = 6378.144 1/F = 298,255
TEXAS R = 6378.145 1/F = 298.255
DOPPLER : R = 6378.388 1/F = 298.0
* private communication of P. DUNN, August 1984
TABLE 5.1

ESTIMATES OF MATERA COQRDINATES

(m}

1393053.8

1393087.6

1393066, 4

1393065.8

1393065.76 4133262.34

1393065.93 4133261.89

Z

{m)

4133257.2

4133258.9

4133262.1

4133261.4

441.

SIGMA
(m)

2.8

6.1

0.21

0.20
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GRAZ

WETTZELL RGO
MATERA 990118.51 + 0.80  1694490.71 + 0.31  719404.63 + 0.32
GRAZ 302138.21 + 0.99 1183242.71 + 0.38
RGO 917334.43 + 1.15

a) Quick look data 1-15 january 1984

WETTZELL GRAZ
MATERA 990118.92 + 0.17 719405.15 + 0.15
GRAZ 302138.22 + 0.21

b) Full rate data 1-15 october 1983

WETTZELL GRAZ
MATERA 990119.14 *+ 0.15 719405.07 + 0.16
GRAZ 302138.64 + 0.13

¢) Full rate data 10-25 november 1983

TABLE 5.2.

SOME EUROPEAN BASELINES IN METERS ESTIMATED WITH GEODYN
(FORMAL ERROR 1 SIGMA)
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CUICK LOOK

i
DATA FROM por e
OTHER STATIONS R

s

R

F

5 MATERA
b LASER  ETATION
QUICK LOOK
DATA (NOVA o)
¥
MATERA

FULL RATE DATA

i
FULL RATE DATA

I FROM OTHER
l ¢STATIONS
DATA PRE ESSOR
A PROCESSOR DATA PREPROCESSOR
FO
RMATTER GsFC
- PREPROCESSOR
. POLYNOMIAL FIT i
TELESPAZTO DATA  INFDRMATION
(VAX 11/780} SYSTEM (DIS)
GSFC
GEODYN
, (IBM 3081
. © CNUCE-PISA)
PASS ANRLYSTS

» STATION PERFORM,
- DATA QUALITY

i

.« RESIDUAL ANALYS
.« POLAR MOTION
{(VAX 11/780)
. - STATION POSIT.
- BASELINES

FIG. 4.1. - BLOCK DIAGRAM OF MATERA LASER DATA HANDLING AND
SCIENTTIFIC ZHALYSIS
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1. INTRODUCTION

Purpose of this report

The report presented in this brochure covers the progress achieved

at Zimmerwald Laser Observation Station during the years 1979-1984.

It also outlines some plans for further development of the Sation.

Form and contents of the report have been chosen to serve the fol-

lowing two purposes:

- Exchange of experience with stations both already existing or
under construction.

- Progress report to the organisations which provide funds for our
research. These organisations are:

The Swiss National Science Foundation

The Canton of Berne

The Geodetic Commission of the Swiss Academy o©f Science and
The Swiss Federal Department of Defense .

1.1, Historical Remarks

The experiences with the original ruby laser (Kldckler et al., 1978}
during SHORT MERIT {(August/September 19%980) have shown that any
further efforts with this system would be inefficient and could no
longer be justified. With the aim of joining the main MERIT campaign
1883/84, the acguisition of a third generation laser system was im-
mediately initiated (Bauersima, 1981, paragraph 4.3.5). The scienti-
fic importance of this development had already been laid down in
{Bauversima, 1979, Table 2).

The building of the new LRS was delayed by financial problems until
spring 1983. The construction itself was taking a relatively slow
pace because many obstacles had to be overcome. (Optical and mechani-

cal properties of components were not consistent with the vendor's
specifications.) A diagram of the LRS 1s presented in Fig. 1.

The first successful ranges to LAGECS were finally obtained on May
15, 1584, From there on, an increasing amount of ranging data cculd
be acquired and sent to the computing centres,

l.2. Direction Observations

The original dye laser for illumination/purposes is no more contained
in the present system. It should have permitted photographic direc-
tion observation to geodynamic satellites as STARLETTE and LAGEOS.
The importance of such cbservations had often been noted (e.qg.
Kl8ckler et al., 1978 or Bauersima, 1581). Since then we have eva-
luated the possibility of optoelectronic observation of certain
celestial fields along the satellite’s orbits. The concept of il-
lumation lasers appears for many reasons to be outdated.



The development of an appropriate dlgital image processing system
Could not be started vet because of scarcity of funds. Yet we hope
to backie this challenge in the fiame of onr TNSSPY) project (Bauer—
sima, 1984) which has won support of the Swiss National Science
Foundation,

1.3. Outlook

The digital optoelectronic image processing system that will com-—
Prise the cornersione of project CESP*lwill also he linked with
the tracking TV-camera of cur LFS. This will allow simultaneous
ranging and direction observations of geodetic satellites.

The accuracy of relative station positions determined by laser
ranging observations increases witn Lhe number of such observations.
To each number of observations, an average time interval can be re-
lated in which thesa obsesvations have heen made. There exists a
characteristic time interval such that the local anomaly of corres-
ponding pesition shift due to crustal dynamics significantly becomes
greater than the mean erxror of the station's positions gained during
this interval. This characteristic interval is generally not known

in advance; therefore it is suggested that pericdical surveying links
between the LRS and a large network of triangulation markers be made
{e.g. once per year). The latter should be resting in a common and
geclogically stable formaticn. This task is equally important as the
laser observations themselves are. Hot long ago, the surveying ex-
pense for this goal would have been enormous. In the near future,
this high precision local survey will be made possible thanks to
radio-interfercmetric chservations of GPS satellites (Bauersima,
1983a),b) and Beutler et al., 1984). Here we want to stress the point
that 1f a network of more than three points has to be surveyed, a
minimum of four recsivers (e.g. MACROMETER-stations) is necessary for
high preciszion surveying. This for the reason that the infiuence of
ephemeris errors practically cancel if during each guasi~simultaneous
Cbservation set at least three receivers are placed at sites which
have been previously surveyed in a gquasi-simultaneous mode (Bauer-—
sima, 1983b), p. 41).

In order to undertake autonomously radio-interferometric GPS obser-
vations in a country like Switzerland, at least four receiving sets
will have to be either acquired, loaned or rented.

%
The aim of OESE is, briefly spoken, o provids a reliable link between a

star cataleg {(as the one huing generated by project HIPPAROOS) and a quasar
fived reference frame. Cne seanent, called C88P, will link catalog stars and
-sutellites of the Global Posiciong System by optical observations. The other,
TP, will provide a link hetween quasars and GPS-satellites by radio-inter—
fercmetry,



[

The result of such Fing bres between the LRS
and the surveying o Gomeny poned above weuld be eguivalent
to the fictive foundation of that 20 in the local primitive
rocks. Pesidus importance of this fact for global geo-
dynamics, also questicns aboul local or regional geodynamics
can e fac ¢ game ratic interferometric survey. With
regard to orgenisation of such local GPS campaigns we
hope to ga: SURPoTL omoorganisations which have supported
the activities of Zimmerwald Laser Observation Station so far,
as well as from such organisations that have an interest in
these campaigns for ether reasons.
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Z. HARDWARE

2.1, Laser Tranamitter

lasar has the characteristics of a QUANTEL YG 402 DP
= - gh it has been built from components on the existing
SLOdu bench without thc performance warranty which asually is

part of tha deal. The mechanical and optical quality of components
supplied by QUANTEL {France) was not always satisfactory, heavy
radio interfsrence had to be coped with, and the pulse selector
2ryastal had to be replaced because of eleckrode disintegration.

Since early 1%84, tihe laser operates satisfactorily, though at a
reduced oustput level. A pyroelectric energy meter {LASER PRECISION
RI71L00) was utllized to monitor the output. Its readings appear
doubtful, buit calibration is under way. Lifetime problems exist
with KD*P crystals of the second harmonic generator.

Farther improvements of the laser should include spatial filtering

and poesslbiy actlive/passive mode locking to improve beam quality
and raduce energy fluctuations.

2.2. Receiver, Timing

The receiver subsystem and the associated electronics are depicted
In Fig, 2. It is shown as used in MERIT 1984 and is commented on
in the follewing paragraphs.

Photomultiplier

Various types can be housed in the refrigerated cabinet by PRODUCTS
FOR RESEARCH Inc. Presently used is the linear focused, 13 dynode
device D341B by EMI~GENCOM, yielding a gain of 5 IOWQ 2400 V. The
timing resolution was found to bg approx. 500 ps at 1 photoelectron
and 100 ps at 10 photoelectrons,j

A second detector tube utilizing two microchannel plates was experi-
mentally being used. The results indicate that a timing reso%ution
below 200 ps can be achieved in single photoelectron regime.

The P.M. tube is preceded by the laser line filter, where two band
widths can be selected. A BALZERS Inc. 60 R filter was utilized
throughout MERIT 1984, because only night time tracking was per-
formed. The second one, a DAYSTAR 3 e filter, will be employed as
soon as daytime opevations commence. Its transmission is approx.
20 - 30 %, if temperature is optimized.

The chopper wheel was not in use as to this date in order to keep
receiver complexily as low as possible. Backscatter from the laser
is a problem 1f the microchannel device is used (lifetime problem).
It also blocks the pulse amplitude reading when in-pass calibration
ls made {wviz. 4.1.).

*) viz. the paper "First Experiences with Microchannel Photomulti-—
Plier® at this workshiop



Time-of-Flight Electronics

An ORTEC 934 model constani fraction discriminatox, preceded by a
LECROY 1338 amplifier (risetime 1 ns , gain 10x), discriminates
all pulses above 100 mV. The residual time walk is substantial
(viz. Figs. 3 and 4), so leading edge discrimination is still con-
sidered, particularly with the 380 ps risetime pulse of the micro-
channel device. In this case, the amplifier used will be the model
AC 3000 by BaH (risetime 130 ps).

The pulse charge (number of photoelectrons x gain) is monitored by
a LECROY 2249 mod. charge-to-digital converter.

Time-of-flight is measured with a LECROY 4202 model extended time-
to-digital-converter (T.D.C.). Reseolution is 156 ps, with a dif-
ferential nonlinearity of % 2 LSB. This could only be achieved
after an external 100 MHz c¢lock pulse was used instead of an in-
ternal crystal oscillater, which had too much phase noise. The ex-~
ternal standard is derived from the 5 MHz station oscillator by
harmonic multiplication, so its time bias is monitored and con-
trolled to be smaller than 10710 3 1,5 mm/15000 km.

The range gate delay and width, and the epoch are generated in 3
separate real time clock modules, the resolution being 100 ns with

an uncertainty of # 50 ns. Minimum gate width is chosen to be 200 ns.

Gating 1s performed within the T.D.C.

*
The range gate is controlled by a real time filter algorithm En the
computer which adapts gate delay and width to the return pulse off-
sets. Once the filter is in "lock"-mode, very few false return are
noticed (night operation).

Epcch timing

The epoch is compared with the LORAN-C second (a total timing de~
lay of 33.074 ms being applied) for a quick look timing accuracy
of * 5 pus. Daily TV comparisons with UTC (OFM) allow an "“a poste—
riori® adjustment to within * 1 s,

453.

Station frequency standard is basically a model B1326 oven-controlled

crystal oscillator by OSCILLOQUARTZ SA. Its phase vs. LORAN~C is
registered and steered to be < 10 us/day.

*) viz. the paper "Real Time Filrtering of Laser Range Observations®
at this workshop



454,

Hq;l;;;, ad Elactronics

The mounit 1s driven by two DC servo motors and computer controlled
via CAMAC, FPogition feedback comes fyrom Ewo inncemental angle en-
coding 23 z (resclution lé microradians). An angular readout
processcr corrscts fhe opbical encoder cubtputs for bias wvariations.
The encodey disks ave mounted divectly in the instrument’s axes in

A

order to avold gsar 2rrors.

The errors in the mount axes could be well determined by star
tracking. S¢i1l lacking is a model of the transmit/receive noncol-
limation which would be necessary for daylight tracking.

The transmit optics have been £itted with a divergence control
{.1 through 1 mrad).

On the receiving side, the calikration paths ({(light fibre and direct)
with variable attenuator and the light collection optics have been
added A varlabie speed/laser synchronous chopper and a safety

s : »F bhe receiver package, as well as the refriger-
ated photomulLlpller cabinet and the associated HV supply.

GELEE

A digital remote control unit menitors the above devices from the
operator’s console which also comprises a joystick to allow for
tracking corractions by joyvstick.

The most valuable asset for this purpose is still the Intensified-
Silicon~-Intensified-Targset TV-camera seated on top of the receiving
telescope (limiting magnitude m v 14),

TMAGE PRESENTED TO THE CUBSERVER DURING TRACKING SESSION.
LAGEOS 18 BARELY VISIBLE AT THE APEX OF THE LASER BEAM.
SOME OF THE DISPLAYED INFORMATION 1S NOT LEGIBLE BECAUSE
OF LASER FTIRING.
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3. COMPUTER FACILITIES

3.1. Hardware

Station computer is a PDP-11/40 under RT-11 operating system. Core
memory is 64 K bytes. Peripherals comprise a graphic display (vT 11
graphic processor), a second data terminal, two RK@S disk drives, a
S-track magtape ({(800/1600 bpi), a CAMAC interface system and §
channel paper tape reader and punch.

Off-line data processing can be done on the University's IBM 3083/
3033 mainframe computer. Data communication between mainframe and
mini 1s by magtape or via telephone modem.

This medem also will facilitate access to G.E. Mk. III data network,
which possibility is presently considered.

3.2. Software

General software for telescope handling allows positioning, initia-
lizing and testing of angle encoders and determination of the tele-
scope's axes by evaluation of encoder readings to catalog stars.

Preparatory programs perfom the following tasks:
=~ input and error detection of SAO mean elements telex message.

- listing of possible satellite passes and ephemeris computation
thereof AIMLASER (adapted to IBM mainframe by Delft University)
and University of Texas IRVINT have been adapted to run on the
University's mainframe computer.

= computation of coefficients and parameters used for the on-line
filter algorithm,™

The tracking software controls the laser and collects time—cf-
flight, angle encoder readings, epoch, return pulse strenght and
various relevant system parameters. It also performs on-line filte-
ring of data, range gate control and in-pass range calibration. **)
This data can be monitored by the operator on the TV screen, along
with the tracking camera's image.

Further off-line data screening of range measurements affords graphic
display of residuals against ranges computed with AIMLASER or IRVINT
reference orbit..Subsequent orbit improvement is made by least sqguares
parameter estimation using numerical orbit integration. R.m.s. values
of ranges are displaved and false returns eliminated. In-pass cali-
bration values™) are first screened and then curve fitted and inter-
polated for each range measurement.

¥) viz. paper "On-line Filter Control of the Range Gate"
at this workshop
**) viz. paper on "In-Pass Calibration during Laser Ranging Operation®

at this workshop
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final data handling procedures are:

= stowring of range data and system parameters in an internal #
format on backup disk or tape.

- extraction of a portion of observations for quick loock data and
genaration of a telex paper tape in SAO format.

- copying of range data onto magtape in the SEASAT format for
distribution to computing centers.

~ digplay of residuvals (raw and respective to best fit orbit).
Also being displayed are range residuals vs. return strenght to
visualize residwval discriminator systematics.

4. RESULTS

4.1, Calibration

A prerequisite for precise ranging results is certainly a good and

consistent range calibration. During MERIT 1983/1884, this cali- -
bration value was subject to change because of delay line adjust-

ment of the constant fraction discriminator., The temporal wvariations

of the calibration "“constant" are presented elsewhere *). "

The noise contributions of the various timing components have been
partly isolated. It was demonstrated that the main contributor to
timing noise (jitter) is still the photomultiplier. What accuracy
concerns, there have been rangings made to an external target at
about 1.4 km. This distance has been verified by an independent
survey of the Federal Office of Topography to within * 1 cm, as
compared with the laser results using "in-pass™ (internal) cali-
bration.

4.2. Ranging Data

A list of data submitted to the computing centers in a "guick-look"
selection is presented in the appendix. The given r.m.s. noise of
the data is estimated after passing our off-~line sereening where 4
(Starlette) or 5 (Lageos) orbital parameters are fitted. This being
an absolute minimum of coefficents to be estimated, we believe these
values to be a conservative estimate.

A set of plots is presented in Figures 3 - 6 + where the present
capabilities of our data screening and displaying software are de-
monstrated.

L

*) viz. the separate paper on "In Pass Calibration during Laser
Ranging Operation™ at this workshop
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TECENICAY, SPECIFICATION QF ZIMMERWALD LASER RANGING STATION

mirror slze

focxl langhh

field of view
spactral bandwidth

Lyps
Zrent lans diameter
baam expantion factor

type

drive

angulay readout accuracy
gaar ratie

max. zpaad

min. speed

2. Trackin

nathods

pointing acouracy {(visual)
pointing accuracy {(computer)

type

wmiited enargy
puls width

haan divergence
pulsa fragquency

4. Bgho dgtection
line filter
photomultiplliers

quantum afficlency
pulsa rias timg
timing system
timing resolution
calibration methad

systen
time base acouracy
time baze verification

&. Qvarall Parformance

7. Qoeratability

mannead,

(1984, SEPTEMSBER)

Tracking: Receiving:
525 mm
lm
33 x 44 &' diameter
400-500/550~650 mn 532 ¢ .15 nm
Transmitting
coudd rafractor
dm .
8 %
Mount

blaxial horizontal
DC servo disc motors
5n

4800 : 1L

49/ 3ac

57 /gec

closed~loop by computer with mount flexure model or visual
using ISIT camera

+ 30° {(objects m < 15)

+ 10"

mode-locked, fraquency doublad Nd-YAG laser

450 m} IR, 125 wj green

100 ps

lagar: .6 mrad, talascope: variable from .1 to 1 mrad
5 Hz or less

DAYSTAR 3 X / BALZERS 60 R

aj HAMARMATSU RL244 TANDEM MICROCHANNEL PLATE

b} EMI GENCOM D341B

10/12 % at 532 om

.35/1.3 ns

Le Croy 4202 TOC

156 pe

internal, pre & post pass plus one cal. shot in n (n=2,3...)

Quartz time hasa controlled by LORAN-C
£ 10 us {quick look}; * L us {final data)
travelling clock plus daily TV comparisen with UTC(OFM)

+ i) em or hetter single shot
to LAGEOS

5 nights a week / 8 months per year

Table A
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