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Laser data of high quality obtained by the
European laser stations were evaluated by
the Short-Arc and a 15-days Long-Arc tech-
nigque, based on the Texas University orbit
processor program UTOPIA. The Long-Arc
technique provided systematic patterns in
the orbital residuals which lead to a mean
observational error of + 6.8 cm, while the
Short-Arc residuals looked rather randomly
distributed. Here the mean observational
error is + 1.9 cm. Though completely dif-
ferent methods were applied it turned out
that the lenghts of the baselines between
the stations show a good agreement.

1. Introduction

The satellite LAGEOS plavs an important
role in geodesy. The stability of the or-
bit enables investigations on the defini-
tion of a global reference system (for the
station coordinates) or on the computation
of earth rotation parameters.

The orbit can be predicted for a long time
and thereby fit to the laser ranges obser-
ved by laser stations around the earth.
However, the increase in the length of the
arc produces an increase in the size of
the model errors. Own numerical experi-
ments based on the MERIT data show that
the orbit residuals demonstrate a syste-
matic behaviour at the decimeter level,
which could be effected by uncertainties
in the model or the data.

Over the last years laser observations to
LAGEOS have improved significantly. The
evaluation of the collocation experiment
between the stationary NASA Laser MOBLAS 7
and the mobile Laser of IfAG MTLRS-1 in
May - June 1985 at Greenbelt/USA provi-
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ded an accuracy at the 2 cm level between
both systems. These results were obtained
using a Short-Arc method which evaluated
not only systematic range or epoch biases
but also the eccentricity vector between
both laser systems very accurately. For
this reason the Short-Arc method was ex-
tended to investigate a regionally distri-
buted laser network, in the following the
network of the European tracking stations.

2. Evaluation techniques

The evaluation of the laser data to be
discussed here is based on two procedures:

The first procedure is a Short-Arc tech-
nique in which in one adjustment process
the station coordinates and at the same
time corrections for the simultaneously
observed parts of an arc are computed,
each arc considered independent from the
other arcs. For each simultaneously ob-
served arc four corrections are estimated
by a least square adjustment:

Ar in radial direction

Au in along track direction

Ai in the direction of inclination

AQ in the direction of the ascending node

Fig. 1 gives a schematic overview on the
estimating procedure.

This method was successfully applied for
the evaluation on the collocation experi-
ments at the Goddard Optical Ranging Faci-
lity (GORF) at the NASA Goddard Space
Flight Center near Washington D.C. (1985),
WETTZELL F.R. Germany (1984/85), and MA-
TERA in Italy (1986). Especially the ec-
centricity vector between the collocating
systems could be adjusted with high accu-
racy. For the MATERA collocation the
agreement between the surveyed and compu-
ted length of the eccentricity vector was
better than 1 cm.
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Figure 1: The Short-Arc design matrix

The a-priori station coordinates were ta-
ken from a global solution obtained from
the MERIT data. Only passes simultaneously
observed by at least two stations were
recognized.

The second technique is based on a se-
guence of 15-days arcs. In general as a
first step a 60-days LAGEOS arc is ad-
justed holding the set of very accurate a-
priori station coordinates fixed to get
the state vector x5 at the beginning of
the arc and the best value for the empiri-
cal along track acceleration cp.

In a second step the program UTOPIA pre-
dicts four 15-days arcs based on the state
vector x, and cp and writes out the resi=-
duals O = C and the partials with respect
to the parameters to be adjusted. Then a
program system developed at IfAG carries
out the final adjustment providing

a 60-days global solution of station
coordinates, four state vectors, each
defining a 15-days arc

and optionally
5-days mean polar motion values,

5-days mean values for the change of the
length of day,

15-days values for the empirical along
track acceleration and for the solar
radiation coefficient, and

5-days mean values for c(2,1) and s(2,1)

In general one adjustment is not suffi-
cient. Therefore an iteration process must
be started with the improved parameters as
inputs for UTOPIA which provides new
residuals and partials for a further ad-
justment. The iteration process stops if
the improvements of the station coordi-
nates reach the sub-millimeter level. In
order to get a station solution based on
observations over a long time period a

program for a Helmert transformation was
developed which transforms several inde-
pently computed 60-days station solutions
upon each other recognizing their covari-
ances. This program also works out the
significance of time dependent motions
within the station network.

For the computations presented later the
physical and fundamental parameters re-
commended in the MERIT standards (MERIT
standards, 1983) were used with the
following exceptions:

1. 1950.0 instead of 2000.0
reference system,
2. GM = 3.98600440 E+14 2

3mg instead
of 3.98600448 E+14 m°S

s

r

3. ocean loading site displacements
were not applied,

4. GEM-L2 prime gravitational field
instead of GEM-L2,

5. no relativistic effects were
applied.

The scale for the distances was based on
the speed of light given by 299 792 458.0
m/sec. On the other hand GM will influence
the scale due to the third Kenlerian law.
The value for GM mentioned above fits best
to the given sneed of liaght, while the
value recommended in the MERIT standards
turned out to be too big.

3. The definition of the terrestrial co-
ordinate system

It is intended to define a terrestrial
coordinate svstem which is verv close to
the CIO-svstem. This is realized by

1. interpolating the nolar motion
values xp and yp from BIH (3-1)
without adjusting them

or

2. adjusting 5-davs polar motion
values xp and yp using partials
with respect to xp and yp at
positions xp and yp inter-
polated from the BIH-table
and fullfillina the two con-
ditions

Léxpj = O (3-2)

where &xp and 6yp are the adjusted displace-
ments from the a-priori BIH-values:

In both cases the freedom of rotation
around the z-axis must be satisfied, here
by the condition

E6A; = O {3-3)
Under the assumption that the a-priori co-

ordinates of the tracking stations are
sufficiently accurate then another defi-
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nition of a coordinate system proposed by
(Bender and Goad, 1978) can be applied.
They recommended to put three conditions
on the displacements A¢ and AA from the
chosen a-priori station coordinates:

(0]

I

Eaki sing, cosli = ami Sthi

Eali sinwi sinki + ﬁwi cos;\i =0 (3-4)

]
(o]

Eaki cosq:i

These conditions are derived from the re-
quirement that the sum of the squares of
the horizontal displacements should be a
minimum.

If the a-priori station coordinates are
given in the CIO-system and using (3-4)
then the adjusted polar motion values are
expected to be close to the BIH-values.

The definitions above also can be used if
the terrestrial system is connected to a
celestial system defined by extragalactic
radio sources, in this case the compu-
tations are based on the polar motion va-
lues of IRIS.

It can not be excluded that the restric-
tions (3-2) to (3-4) introduced in the
adjustment procedure as additional
eguations have some 'influence on the
inner structure of the station network
which should be dependent only upon the
observations. The influence can be mea-
sured by the size of the Lagrangian
multipliers of these equations: the
bigger the Lagrangian multipliers the
bigger is the impact on the functional
model.

In /4/ it could be shown that the restric-
tions (3-2) to (3-4) have no influence on
the inner structure of the global net-
work, they do not disturb the length of
the baselines.

4. Results

From 18. September to the 17. October
1985 the European laser stations provided
a lot of laser data of high quality.
Besides the fixed stations the Dutch
mobile system MTLRS-2 was working at that
time at an uphill place at the Monte
CGeneroso. This system provided data of
excellent quantity and quality.

Many passes were observed simultaneously,
so that the opportunity was good not only
to compute baselines between the European
laser stations, but also to improve the
functional model of evaluation.

Station Stat. no. Number of
normalpoints
Matera 7939 89
Wettzell 7834 571
Zimmerwald 7810 353
RGO 7840 333
Monte Generoso 7590 836
Grasse 7835 537
Graz 7839 186
Potsdam 1181 33
GORF 7105 278
Quincy 7109 641
Maui 7210 244
Areguipa 7907 250
Mounment Peak 7110 203
Mazatlan 7122 398
Fort Davis 7086 87
Huahine 7121 10
Table 1: A summary of the laser

data gained between
day 261 and 291 in 1985

Besides the data from European stations
also observations from other stations
around the world were used (table 1).

Both techniques i.e. the Short-Arc and the
Long-Arc method described in section 2
were applied to the mentioned data set.

However in the 15-days technigue only two
arcs were adjusted because of the restric-
ted time span of the laser data.

In this technique the polar motion values
were interpolated from the BIH-table, but
not adjusted. To prevent the terrestrial

system from rotating around the z-axis it
was required to fullfill condition (3-3).
Fig. 2 may explain the long Arc procedure
schematically.

6 parameter Stat. 0-C
for a coord.
15-days arc

1 condition
equation

Figure 2: The 15-days arc

design matrix

Table 2 shows the geodetic coordinates
referred to a global ellipsoid specified
by the mean radius of 6378137.0 m and the
flattening of 298.257. The coordinates
obtained by the Short-Arc method were
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transformed to the global Long-Arc so-
lution by a Helmert-transformation.

station height(m)

longitude

latitude

SA 7590 +1649.535 +9.01775432  +45.92755045
LA 7590 +1649.5539 +9.01775439 +45.92755014
7834 +661.173 +12.87809355 +49,14493720
7834  +661.2283 +12.87809369 +49.14493652
7835 +1322.849 +6.92111990 +43.75468888
7835 +1322.8400 +6.92111949 +43.75468914
7839  +539.389  +15.49335729 +47.06713279
7839  +539.3115 +15.49335648 +47.06713352
7840 +75.383 +0.33612087 +50.86737785
7840 +75.3731 +0.33612117 +50.86737808
7939  +535.822 +16.70468277 +40.64882974
7939  +535.8433 +16.70468343 +40.64882952
Table 2: The coordinates of the

European stations obtained
from the Long-Arc technique
(LA) and from the Short-Arc
technique (SA) after a Hel-
mert transformation

A good agreement was found between the
baselines obtained by both methods (table
3).

point 1 point 2 difference (cm)
SA - LA
7590 7834 0.4
7590 7835 2.0
7590 7839 22
7590 7840 =5.7
7590 7939 =5.5
7834 7835 2.4
7834 7839 15.0
7834 7840 -5.5
7834 7939 -0.8
7835 7839 -1.4
7835 7840 0.5
7835 7939 =-13.5
7839 7840 6.4
7839 7939 -3.7
7840 7939 -11.6
Table 3: The differences in the chord

lengths based on the Short-
arc-(SA) and the Long-arc-(LA)
technique

It is remarkable that peaks in the base-
line differences can be referred to sta-
tions which provided less data (7839,
7939). Though the results look rather
good there is an important difference in
both techniques. The Long-Arc technique,
due to model errors, show a systematic
behaviour of the orbital residuals of the
ranges leading to a mean observation
error of + 6.8 cm, while the Short-Arc
residuals are nearly randomly distributed
with a mean observational error of + 1.9
cm.
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4. Conclusions

The short-arc and a 15-days arc technique
provided baselines which in general agree
better than 10 cm. The Short-arc tech-
nique fits the orbit better to the obser-
ved ranges, but the so adjusted orbits
can only be realistic if the laser data
are sufficiently accurate.
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