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Abstract. A new VLBI (Very Long Baseline
Interferometry) data analysis software (called
Vienna VLBI Software VieVS) is developed at
the Institute of Geodesy and Geophysics in Vi-
enna taking into consideration all present and
future VLBI2010 requirements, e.g. phase delay
solutions and a significantly denser observation
schedule. The programming language Matlab is
used, which considerably eases the programming
efforts because of many built-in functions and
tools. Matlab is the high-end programming lan-
guage of the students at Vienna University of
Technology and at many other institutes world-
wide. Thus, the new software will attract stu-
dents and scientists to get interested in VLBI and
to contribute to VLBI analysis. Together with
the National Institute of Information and Com-
munications Technology (NICT, Japan) phase
delay solutions will be implemented in VieVS
and initial steps will be taken to equip the soft-
ware with tools for spacecraft tracking and space
VLBI. Furthermore, the gap existing between the
correlator output and the presently used Occam
software will be closed in the Vienna VLBI soft-
ware. The common efforts will contribute to the
new specification of the VLBI data format, which
is defined within Working Group 4 on VLBI Data
Structure of the International VLBI Service for
Geodesy and Astrometry (IVS).
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1 Introduction

So far, at the Institute of Geodesy and Geo-
physics (IGG) of the Vienna University of Tech-
nology, we have been using the Occam software
package (Titov et al., 2004) for the analysis of
Very Long Baseline Interferometry (VLBI) ob-
servations. Occam (previously called Bonn VLBI

Software System, BVSS) has been in use since
the beginning of the eighties, and many subrou-
tines and source code lines have piled up which
are obsolete and no longer necessary. Some tech-
nical Fortran-related details date back to the
eighties, e.g. the use of COMMON blocks to ex-
change variables between the subroutines. Thus,
the source code of Occam is rather difficult to
read for persons who have not been involved in
the development of the software.

As an Associated IVS Analysis Center, IGG
Vienna is mostly dealing with research tasks and
not with operational (routine) VLBI processing,
i.e., we often make modifications to the source
code by introducing new models and algorithms.
Our students are experts in Matlab but they are
not experienced in writing Fortran source code,
which makes the work very difficult and time
consuming for them (and consequently also for
the other staff at IGG). This is our main moti-
vation to develop new VLBI software (VieVS) in
Matlab.

Another reason for developing new VLBI soft-
ware is that right now we need to carry out sev-
eral updates of our present VLBI software pack-
age Occam 6.1, and this task would be much eas-
ier in Matlab than in Fortran. In particular, we
want to make the software fully consistent with
the most recent IERS Conventions (McCarthy
and Petit, 2003) (e.g., non-rotating origin and
the corresponding partials for the nutation pa-
rameters), and for clarity we will remove all for-
mer models which are no longer necessary.

At the IGG Vienna, we have been using the
classical Gauss-Markov least-squares adjustment
of Occam 6.1 LSM which is based on piecewise
linear functions using rates for the representation
of zenith wet delays, clocks, or Earth orientation
parameters. These rates do not correspond to in-
tervals between integer hours as their first epoch



is arbitrary. With the new software VieVS, we
estimate the paramters as piecewise linear offsets
at integer hours (see below), which makes our
results easier compatible with those from other
space geodetic techniques like the Global Naviga-
tion Satellite Systems (GNSS) or Satellite Laser
Ranging (SLR).

2 Why Matlab?

In many courses of their curriculum the students
of the Vienna University of Technology and at
many other universities use Matlab. Thus, new
VLBI software in Matlab will attract more stu-
dents to get interested in VLBI and to write their
diploma or phd theses about VLBI related top-
ics. The use of Matlab will ease the implemen-
tion of new ideas and models in the software (for
them and their supervisors). Furthermore, Mat-
lab has many built-in tools and functions which
make the writing of the code much faster, and
the source code is significantly shorter and more
concise. Examples for built-in tools are:

◦ Matrix operations like matrix inversion and
multiplication or matrix decomposition, but
also easy addressing of columns/rows;

◦ Plots can be made easily and routines for
graphical interfaces are available;

◦ Netcdf readers and writers;

◦ Structure arrays which are very useful to
store scan-based information.

Of course, there are also arguments against us-
ing Matlab - the main of which is certainly that
Matlab is a commercial software. However, many
institutes worldwide have access to Matlab and
use it. Alternatively, we can provide executables
of VieVS which run on any machine (whithout
having Matlab installed). Another possibility is
the use of non-commercial counterparts of Mat-
lab like Octave which will be tested in the next
months. If possible, we will modify VieVS in
a way that it can be run with Octave or other
counterparts.

The other argument against Matlab is that it
is slower than Fortran or C/C++. This is cer-
tainly true, but tests showed that this is not criti-
cal in our case. Even if VieVS takes twice as long
as e.g. the Fortran-based Occam, we think that

this is fast enough for most of the research pur-
poses, but also for the determination of global
solutions.

3 Concept

3.1 Occam to VieVS

We did not start from scratch when developing
VieVS, but we heavily rely on the Occam 6.1
LSM software package. Occam LSM consists of
five parts: dtau0, pn, station, geomet, lsm. At
first, we made a ’line by line’ transition from For-
tran to Matlab to guarantee that we get identical
results. In a second step we deleted all obso-
lete parts and comments, and we applied Matlab
tools to shorten the source code considerably. Fi-
nally, we re-structured the code and the results
were still identical to those of Occam. E.g., we
connected pn, station, and geomet into one part
called vie mod. dtau0 is now called vie init and
lsm becomes vie lsm.

One important change with vie lsm is that we
are using piecewise linear offsets for all parame-
ters which can be estimated. These piecewise lin-
ear offsets are estimated at integer hours (e.g., at
18 UTC, 19 UTC, ...), at integer fractions of in-
teger hours (e.g., 18:20 UTC, 18:40 UTC, ...) or
at integer multiples of integer hours (e.g. 18:00
UTC, 0:00 UTC, 6:00 UTC, ...). This represen-
tation is not only possible for troposphere zenith
delays and gradients, station clocks, or Earth ori-
entation parameters, but also for stations coor-
dinates.

As an example Equation (1) shows the tro-
posphere delay L at one station represented by
piecewise linear offsets x1 and x2 of the zenith de-
lays at the integer hours t1 and t2. m(t) denotes
the mapping function at the epoch t of the obser-
vation which is in between the integer hours. The
partial derivatives which have to be entered in
the design matrix are shown in Equation (2) and
(3). This concept is similar for all parameters,
and future combinations (at the normal equation
level) with other space geodetic techniques will
be easier with this kind of parameterization.

L(t) = m(t) · x1 + m(t) · t − t1
t2 − t1

(x2 − x1) (1)

dL

dx1
= m(t) − m(t) · t − t1

t2 − t1
(2)
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dL

dx2
= m(t) · t − t1

t2 − t1
(3)

As already mentioned, we will make VieVS
fully compatible with the IERS Conventions
(McCarthy and Petit, 2003), which is not the
case with the Occam 6.1.

3.2 Related tasks

The Vienna VLBI Software (VieVS) comes at an
appropriate time, because it is strongly related to
many activities within the VLBI community and
at IGG Vienna:

◦ IVS WG4: IVS Working Group 4 (chaired
by John Gipson) is developing new VLBI
data structures. We plan to fully incorpo-
rate the new format in VieVS and we also
will contribute to the definition of the for-
mat. With the new Matlab software VieVS
we are very flexible to consider any new
development. E.g., if the new data struc-
tures will be based on netcdf, built-in Mat-
lab tools will be available to read and write
the data.

◦ VLBI2010: IGG Vienna has been con-
tributing to the simulation studies for
VLBI2010 (Petrachenko et al., 2009). We
plan to continue these simulations with
VieVS, and we will take advantage of the
experience that we gained with our Occam
simulations. E.g., we can use the genera-
tors of the turbulent delays and the clock
values. In addition to the classical Gauss-
Markov least-squares model vie lsm, we plan
to set up a Kalman Filter solution in VieVS
as well.

◦ SCHED2010: We work on new schedul-
ing software for geodetic VLBI which will
be closely related to VieVS. In particular,
we plan to use the simulation capabilities of
VieVS to determine and validate optimized
schedules.

A schematic workflow of VieVS and the re-
lated tasks are shown in Figure (1).

4 Co-operation between IGG and
NICT

There will be close co-operation between the IGG
Vienna and the National Center of Information
and Communications Technology (NICT). Al-
though NICT works on its own space geodetic
software (for GNSS, SLR, and VLBI) which is
based on Python and bindings to C/C++, both
organizations will share their experience gained
with the development of each software package.

Additionally, IGG Vienna can profit from
NICT’s experience concerning group delay ambi-
guity resolution and phase solutions. Presently,
VieVS is using the ’NGS cards’ as input files, but
it is planned to also cover earlier steps in the pro-
cessing chain when the new data structures are
defined by the IVS WG4.

There are plans and ideas to equip VieVS with
satellite tracking and space VLBI capabilities. In
this respect, the co-operation between NICT and
IGG will also be very beneficial and important.

5 Conclusions and outlook

The IGG Vienna is developing new VLBI soft-
ware (VieVS) in Matlab. Presently, it has about
the same capabilities as Occam 6.1, but by using
Matlab the source code is more concise. VieVS
will be improved and extended in many aspects,

◦ it will be equipped with satellite tracking
and space VLBI capabilities (in co-operation
with NICT),

◦ steps ’backwards’ in the processing chain
will be covered, such as group delay ambi-
guity resolution,

◦ it will get its own features to set up global
solutions.

The Vienna VLBI Software (VieVS) will be
made freely available to get feedback from as
many groups as possible.
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Figure 1. Schematic workflow for the Vienna VLBI Software VieVS. See the text for further details. Grey
colours indicate that these tasks have not been started yet.
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