
18. Combination of Solutions

18.1 Motivation

The increasing number of permanent GPS stations all over the world and the associated big number
of observations to be processed ask for sequential processing methods. A “conventional” processing
of all observations in one step using, e.g., GPSEST may be appropriate for small campaigns (a few
days with 24 hour sessions of about 10-20 sites). The computing power available today does not
allow to go far beyond this limit.

The program ADDNEQ was therefore developed to compute multi-session solutions from the (sta-
tistically correct) combination of a set of single-session solutions. The theory of combining sequen-
tial solutions is well-known in geodesy since [Helmert, 1872]. Sequential adjustment techniques are
in general independent of the observation types of the individual solutions. This implies, e.g., that
even results from different techniques (classical geodetic techniques or space techniques GPS, SLR,
VLBI, DORIS) might be combined. Here, we focus on the combination of GPS results, only.

Normal equations may be stored for a sequence of solutions including all possible types of un-
known parameters (coordinates, troposphere, orbit parameters, Earth rotation parameters, nutation
parameters, center of mass, satellite antenna offsets, etc.).

The special features of the normal equation stacking methods, described in Section 18.3, allow an
extremely rapid and flexible computation of many solution types, without going back to the original
observations (e.g., new definition of the geodetic datum, specification of a priori sigmas for different
parameters types, etc.).

We focus on applications and different processing strategies using normal equations in Section 18.4.
The computation of velocities from campaign results or from results achieved from permanent GPS
networks is one important application. Another topic is the combination of GPS solutions of dif-
ferent analysis centers for the purpose of the densification of the terrestrial reference frame using
GPS.

A description of the programs COMPAR and ADDNEQ is given in the Sections 18.6 and 18.7. An-
swers to “frequently asked questions” concerning parameter and normal equation handling conclude
this chapter.
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18. Combination of Solutions

18.2 Basic Theory of Least-Squares Estimation

18.2.1 Least-Squares Estimation

The observation equations in the Gauss-Markoff Model (GMM) of full rank is given, e.g., by [Koch,
1988] �

��� 
 ���� ; � ��� 
  � �	� � �
(18.1)

with

� � � ( matrix of given coefficients with full rank � � � � �  ( ; � is also called design matrix,

� ( � � vector of unknowns,

� � �
�

vector of observations,

� � � � positive definite weight matrix,

� �"( number of observations, number of unknowns,�
� � 
 operator of expectation,

� � � 
 operator of dispersion,

� � variance of unit weight (variance factor).

The observation equations of Chapter 9 may be written in this form. For � 
 ( , the equation system
�
� �� is not consistent. With the addition of the residual vector � to the observation vector
� , one obtains a consistent but ambiguous system of equations, also called system of observation
equations:

� 2� ���� with
�
��� 
 �� and � ��� 
 �� ��� 
  � � � � � � (18.2)

Eqns. (18.1) and (18.2) are formally identical.
�
��� 
 �� , because

�
��� 
 ��
� , and � ��� 
 �� ��� 


follows from the law of error propagation.
The method of least-squares asks for restrictions for the observation equations (18.1) or (18.2). The
parameter estimates � should minimize the quadratic form

$ ��� 
 
�

� � ��� 3 �
� 
 � � ��� 3 ��� 
 (18.3)

where ��� 3 �� 
 � is the transposed matrix of ��� 3 �� 
 . The introduction of the condition $ ��� 
 �
min. is necessary to lead us from the ambiguous observation Equations (18.1) or (18.2) to an unam-
biguous normal equation system (NEQ system) for the determination of � .
The establishment of minimum values for $ ��� 
 leads to a system of ( equations

� $ ��� 
 � � � �� ,
also called normal equations.
The following formulae summarize the Least-Squares Estimation (LSE) in the Gauss-Markoff
Model:
Normal equations:

� � � ���� �� � � � (18.4)

Estimates:
of � ����  ��� � � � 
 � � � � � � (18.5)
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18.2 Basic Theory of Least-Squares Estimation

of the (variance-)covariance matrix: � � �� 
  �� � ��� � � � 
 � � (18.6)

of the observations: �� �� �� (18.7)

of the residuals: ��  �� 3 � (18.8)

of the quadratic form: $  �� � � �� �� � � � 3 � � � � �� (18.9)

of the variance of unit weight (variance factor): �� �  $ � ��� 3 ( 
 (18.10)

Degree of freedom / Redundancy: �
 � 3 ( (18.11)

Normal equation matrices:
� � � � , � � � � , ��� � � � 
 (18.12)

This algorithm is used in the parameter estimation program GPSEST ( Menu 4.5 ).

18.2.2 Parameter Pre-elimination

Pre-elimination of parameters is a basic procedure to reduce the dimension of the NEQ system
without loosing information (apart from the parameters pre-eliminated). We do not give the mathe-
matical proof, here. For more information see, e.g., [Brockmann, 1996].
The pre-elimination formulae basically compute the effect of the pre-eliminated parameters on the
other (remaining) parameters of the normal equation system. As a result, the normal equation ma-
trices (18.12) are modified. Pre-elimination, therefore, is NOT equivalent to cancelling the corre-
sponding lines and columns of the normal equations.
Pre-elimination of parameters using covariance matrices as opposed to pre-elimination using normal
equations is much easier. The determination of partial covariance matrices is identical to removing
the corresponding rows and columns of the parameters, which have to be eliminated from the co-
variance matrix.
Pre-elimination of parameters is possible with both, program GPSEST ( Panel 4.5–2.4 , op-
tion 	 ����� ��� ��� � 	 ����� ��� � � ������� � ��� ) and program ADDNEQ ( Panel 4.8.1–2 , option 	 ����� ��� ��� �
	 ����� ��� � � ������� � ��� ). It is the responsibility of the user to decide at which stage of the processing
to pre-eliminate parameters from the NEQ system (mainly a question of processing time and disk
space). More information is given in Section 18.4 and in the examples in Chapter 4.
Let us distinguish between the pre-elimination options � � (before Inversion), � � (after inversion),
and ��	 (epoch-wise, GPSEST only):

� � � Pre-elimination of a parameter before inversion.
Used mainly for ambiguity parameters in GPSEST (if there remain unresolved ambigu-
ities from previous GPSEST runs) or for troposphere parameters in ADDNEQ (if they
were stored previously in the normal equations) to reduce the number of unknowns in the
combined solution.

� � � Pre-elimination of a parameter after inversion.
Used in GPSEST and ADDNEQ to store only the parameters of interest in the nor-
mal equation files. Ambiguity parameters have to be pre-eliminated using option � � in
GPSEST if normal equations are stored.

��	 � Pre-elimination of a parameter directly after each observation epoch.
Used in GPSEST for epoch-specific parameters such as, e.g., kinematic coordinates or
stochastic ionosphere parameters.
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18.2.3 Sequential Least-Squares Estimation

In this section we review the concept of sequential least-squares estimation techniques. The result
of a LSE using all observations in one step is the same as when splitting up the LSE in different
parts and combining the results later.
To prove the identity of both methods we first solve for the parameters according to the common
adjustment in one adjustment step. Thereafter, we verify that the same result is obtained using a
sequential adjustment.
Let us start with the observation equations:

� � 2 e �  � � � � with � ��� � 
  � �� � � ��
� � 2 e �  � � � � with � ��� � 
  � �� � � �� � (18.13)

In this case we divide the observation array � ? (containing all observations) into two independent
observation series � � and � � . We would like to estimate the parameters � � common to both parts
using both observation series � � and � � . We assume furthermore, that there are no parameters which
are relevant for one of the individual observation series, only. This assumption is meaningful if we
pre-eliminate “uninteresting” parameters according to Section 18.2.2.
The proof of the equivalence of both methods is based on the assumption that both observation
series are independent.
The division into two parts is suffuciently general. If both methods are leading to the same result, we
might derive formulae for additional sub-divisions by assuming one observation series to be already
the result of an accumulation of different observation series.

18.2.3.1 Common Adjustment

In matrix notation we may write the observation equations (18.13) in the form:

� � �� � 
 2 � � �� � 
  � � �
� � 
 � � � �

with � � � � �� � 
 
  � �? � � � �� �
� � � �� 
 (18.14)

which is equivalent to

� ? 2�#? �� ? � � with � ��� ? 
  � �? � � �? � (18.15)

The matrices � ? , �#? , � ? , � � , and
� � �? may be obtained from the comparison of eqn. (18.15) with

Eqn. (18.14). The independence of both observation series is given by the special form of the dis-
persion matrix (zero values for the off-diagonal elements). Substitution of the appropriate values for
� ? , � ? and � � in Eqn. (18.4) leads to the normal equation system of the LSE:

� � � � � � � ��2 � � � � � � � � � �� ? �  � � � � � � � � 2 � � � � � � � � � (18.16)

18.2.3.2 Sequential Least-Squares Adjustment

In a first step the sequential LSE treats each observation series independently. An estimation is
performed for the unknown parameters using only the observations of a particular observation series.
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18.2 Basic Theory of Least-Squares Estimation

In a second step the contribution of each sequential parameter estimation to the common estimation
is computed.
Starting with the same observation equations as in the previous section, Eqns. (18.13), we may write

� � 2� �  � � ��� with � ��� � 
  � �� � � ��
� � 2� �  � � ��� with � ��� � 
  � �� � � �� (18.17)

or, in more general notation:

� � 2� �  � � ��� with � ��� � 
  � �� � � �� , !  � � ) (18.18)

where the vector ��� denotes the values of the common parameter vector � � satisfying observation
series � � only.

First step: Solving for each individual NEQ

The normal equations for the observation equation systems !  � � ) may be written according to
Eqn. (18.4) as

� � �� � � � � � � �� � �  � � �� � � � � � (18.19)

� � �� � 
  �� �� � � �� � � � �	� � �
 �� ���
 � with !  � � ) � (18.20)

Step 2: A posteriori LSE

In this a posteriori LSE step, the estimation for �� ? is derived using the results of the individual
solutions (18.19) and (18.20) obtained in the first step.
The pseudo-observation equations set up in this second step have the following form

� � � 2� � � �� � � �� ? with � ��� � � 
  � �? � � �
� � (18.21)

or more explicitly:

� �� ��� � 
 2 � � ����� ����� 
  � �� 
 �� ? with � � � �� ��� � 
 
  � �? � 
 � �
� 
 � 
 �

The results of the individual estimations �� � and 
 � are thus used to form the combined LSE. The
interpretation of this pseudo-observation equation system is easy: Each estimation is introduced as
a new observation using the associated covariance matrix as the corresponding weight matrix.
The normal equation system may be written as:

� �
� �
�
� � � � � �� ? �� �

� �
�
� � � � � (18.22)

or more explicitly

� � � � � � � � 
 � �� �
� 


� �� 
 � �� 
 �� ?
�� � � � � � � � 
 � �� �

� 

� �� 
 � �� ��� � 
 � (18.23)
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Substituting the results for 

� �� we obtain

� � � � � � � ��2 � � � � � � � � �� ?  � � � � � � � � 2 � � � � � � � �
(18.24)

which is identical with Eqn. (18.19). This simple superposition of normal equations, also called
stacking of normal equations, is always possible if the individual observation series are independent
(which is the case if the dispersion matrix has the form (18.14)).

18.2.3.3 Computation of the Combined RMS

In the previous section we only considered the combined parameter estimation. Sequential LSE
leads to identical results for the a posteriori estimate of the variance of unit weight:

$0? 
��

��� � �
�� � � � � 3

��

��� � �
�� � � � � �� ? (18.25)

�� �? 
�
��

��� � �
�� � � � � 3

��

��� � �
�� � � � � �� ? � � � ? � (18.26)

The importance of the “third normal equation part” � � � � (see Eqn. 18.12) is clearly seen in this
formula. We refer to [Brockmann, 1996] for a complete discussion.

18.3 Special Features of Combining Normal Equations

Special features are “the salt in the soup” when dealing with normal equations. Here, we present
only some important ones. Most of them may be derived from general parameter transformation
rules applied to normal equations (see [Brockmann, 1996]).

18.3.1 Constraining Parameters

In general, the observations of a given type are not sensitive to all parameters in a theoretical model.
In this case the normal equations (NEQs) are singular.
Additional information, or constraints, must be introduced into the least-squares solution to make
the normal equations non-singular. Additional constraints may be useful also for parameters which
would be estimated with a very high rms. Let us introduce “exterior” information concerning the
parameters �

� �� 2� � with � ��� 
  � � � � �� (18.27)

where
�

� � ( matrix with given coefficients with � � � �
�

 � ,
� number of constraining equations with � � ( ,

� vector of unknown parameters with dimension ( � � ,
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� � �
�

vector of known constants,

� � � �
�

residual vector, and

� � �� dispersion matrix of the introduced constraining equations with dimension � � � .

If the constraints are non-linear, a linearization has to be performed through a first-order Taylor
series expansion.
We may interpret the constraints (18.27) as additional pseudo-observations, or as fictitious observa-
tions. That leads us to the observation equations:

� �� 
 2 � ���� � 
  � �� 
 �� with � � � �� 
 
  � � � � � � �
� � � �� 
 (18.28)

or to the associated NEQ system:

��� � � � 2
� � � � � 
 �� �� � � � 2

� � � � � � (18.29)

The equation shows, that we may superpose the terms
� � � � � and

� � � � � to the original normal
equation system to incorporate a priori information on the parameters. The values of these quantities
have to be stored in the normal equation files (or in the SINEX files (see Section 24.8.13)). The terms
must be removed if a “free” solution (without any a priori constraints) has to be created.
Constraints may be introduced in GPSEST and ADDNEQ for the following parameter types:

� coordinates: absolute constraints (station weights), station fixing, free network constraints,
� velocities: absolute and relative (concerning sites) constraints,
� troposphere: absolute and relative (in time) constraints,
� orbit: Keplerian, dynamical, stochastic parameters,
� center of mass,
� Earth rotation parameters: absolute constraints (UT1 and nutation absolute value has to be

constrained to a VLBI value) and continuity constraints,
� satellite antenna offsets.

The most important features dealing mainly with the first three types of parameters are explained in
more detail in the application part of this chapter.

18.3.2 Introducing Additional Parameters

The introduction of additional parameters is possible, even if these parameter types have not been
set up in the individual normal equations. Site motion parameters, or site velocities, are an example
for such parameter types. It is necessary, that the influence of these parameters may be neglected
within the individual normal equations. For the site velocities, e.g., the influence of the site motion
may actually be neglected for the time span of one day. How to estimate velocities is shown later in
this chapter.
Another example for the setup of additional parameters is the estimation of Helmert parameters
between individual solutions (see Section 24.8.14).
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18.3.3 Independence of the A Priori Information

The used a priori values of the parameters are stored in the normal equations. This is important be-
cause the normal equations refer to the parameter increments (the difference between the estimated
final parameter values and the a priori values). The normal equations may be transformed to an ar-
bitrary set of a priori parameter values if higher order terms of the original non-linear observation
equations may be neglected. The transformation to new a priori values is done automatically (if
necessary) without user interaction.

18.3.4 Free Network Constraints

Free network solutions are optimal to define the geodetic datum with a minimum number of con-
straints, without fixing or constraining particular site coordinates. This option is well-suited to ana-
lyze inconsistencies in the reference site coordinates.
A geodetic datum may be defined in the following way:

� An a priori network is defined by selecting a list of sites (in the menu system of ADDNEQ
“fixed” sites are used for this purpose).

� Helmert parameters may be specified (translations, rotations, scale). Depending on the se-
lection of these parameters, the final parameter estimation has the property that the network
results show no translations / rotations / scale with respect to the a priori network.

More information may be found in Section 18.7.3.

18.3.5 Reduction of the Number of Unknown Parameters

As opposed to adding new parameters, it is also possible to reduce the number of unknown parame-
ters in the normal equations. An important application is the reduction of the number of troposphere
parameters. If you have, e.g., estimated (and stored into NEQ files) 12 troposphere parameters per
site and day, you have the possibility to reduce the number of parameters to 1, 2, 3, 4, or 6 values
per day and site. This option is available in Panel 4.8.1–2.2 , option � ������� � � � 	 ����� ��� ��� ��
 	�� �
��� � . See also Section 18.7.6.

18.3.6 Limitations of NEQ Stacking

Let us also mention what is not possible using ADDNEQ:

� model modifications which are highly time-dependent (e.g., a different tropospheric mapping
function, different a priori tide model, etc.),

� ambiguity resolution,
� different basic observation types (e.g., to switch from

� � and
� � to

���
, etc.).
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18.4 Applications and Strategies Using Normal Equations

It is possible to combine results based on normal equations without loss of information. Figure 18.1
shows an example how results are combined at CODE. Starting from cluster solutions, network
solutions are created. These results are then used for long-arc applications. Finally, weekly, monthly,
or annual solutions may be created.
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�

�

�

�

�

�

�
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Observations NEQs 1-day
NEQs

3-day
NEQs

Monthly or
(Baselines
or Cluster)

(Baselines
or Cluster) and arcs

annual
NEQ

�

�

Figure 18.1: Combination of the normal equations of different processing steps.

There is a wide area of applications for combination methods. Below, we briefly review some im-
portant applications when processing GPS observations.

Baseline processing mode:
Figure 18.2 demonstrates how baseline or cluster results are combined into a network
solution.
The baseline processing scheme (also implemented in the BPE processing example; see
also Chapter 4) has the advantage that the computational burden increases only linearly
with the number of sites. It is a disadvantage, however, that inter-baseline correlations
are not taken into account. For highest accuracy requirements we therefore recommend
to process all observations with GPSEST using the correct handling of the correla-
tions ( Panel 4.5–2 , option ��������� ��� � ����
 , select �������� � ). For big networks this may
not be possible due to limited computer resources (memory and computing time). As a
compromise between statistical correctness and computational efficiency you may define
clusters of observations and process each cluster using the option “correct correlations”.
Afterwards you may combine the cluster normal equations (instead of baseline normal
equations) into a network solution. The use of cluster definition files for processing clus-
ters of observations is explained in Sections 24.8.30 and 24.8.31.
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Multi-Days Solutions:
The creation of weekly or monthly solutions from daily solutions is sometimes useful to
reduce the variations in the coordinate solutions. The noise of, e.g., weekly coordinate
residuals is smaller by a factor of

� � � �
in a weekly solution when compared to the daily

solution.

Multi-Years Solutions or Multi-Campaigns Solutions:
The computation of “final” coordinates as a result of many days of continuous observa-
tions or several campaigns is the main goal of the combination of solutions. The program
ADDNEQ was originally developed for this purpose. This includes also the detection of
movements (estimation of velocities), which is described in Section 18.7.5.

Orbit Combination:
Orbit combination is probably not of great interest for the majority of users. The orbit
combination method described in [Beutler et al., 1996] and [Brockmann, 1996], (see also
Chapter 8) is an extremely flexible tool for orbit determination purposes. Long arcs (e.g.,
3-days-arcs) may be computed from short arcs (e.g., 1-day-arcs) in a very efficient way
(gain of more than a factor of 10 in processing time). Many more options are available
such as setting up stochastic parameters at the arc boundaries, splitting up of arcs, etc.

Combination of Solutions using Results of Different Processing Centers:
The combination of (GPS-) solutions derived by different analysis centers is a major
activity within the IGS with the goal of densifying the International Terrestrial Reference
Frame (ITRF). The distributed processing concept makes it possible that regional or local
analysis centers (in the IGS naming convention: Regional Network Associated Analysis
Centers RNAACs) may compute their sites of interest together with global IGS sites
(also called anchor sites). These solutions may then be combined by Global Network
Associated Analysis Centers (GNAACs) together with the global solutions of the IGS
analysis centers to form a consistent network solution. It is not necessary in this concept
that all contributing sites are processed by one analysis center. Combination strategies
and results are shown by, e.g., [Davies and Blewitt, 1995] and [Brockmann and Gurtner,
1996].
The SINEX (see Section 24.8.13) exchange format is used for the combination of the
results of different analysis centers (see Sections 7.3 and 24.8.13). Using the program
SNXNEQ (see Section 7.3.3) it is possible to convert SINEX files ( � 
�� 
 ) into normal
equation files ( � ����� ), which may be used as input files for ADDNEQ. The combination
of results derived from different software packages asks for the determination of normal
equation rescaling factors to ensure that each contributing solution gets the “correct”
weight. Rescaling factors may be specified using a special weighting ( � 
�� � ) file (see
Section 24.8.14). The estimation of these factors using the methods of the variance-
covariance component estimation is not supported, yet.

18.5 The Combination Programs ADDNEQ and COMPAR

Two programs are available to combine solutions in the Bernese GPS Software Version 4.2:
ADDNEQ ( Menu 4.8.1 ) (or its new version ADDNEQ2 ( Menu 4.8.3 ), see also Chapter 19 )
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1 Baseline GPSEST
ADDNEQ�

Observations

(Baselines)

Normal equations

(Baselines and Network)

Loop over all baselines Mark observations

+ Residuals

� �

�

Input:
Output:

Network Solution

�

Figure 18.2: Processing scheme based on baseline (or bluster) processing.

and COMPAR ( Menu 5.4.1 ). ADDNEQ is based on normal equations and is able to handle all
types of unknown parameters, COMPAR is based on covariance information of coordinates, only.
In general, it is equivalent to combine solutions based on normal equations or based on covariance
information. ADDNEQ is much more flexible, COMPAR is much simpler to use. The selection of
the tool depends on the user requirements. We discuss both programs.

18.6 Combination Program COMPAR

Menu 5.4.1 is used to prepare a run of program COMPAR. All important features of this program
are activated using Panel 5.4.1 .

L � G��<- ����8�M*02.����$%.�>�>28���� .�>2/�����8*02��>�+

.���/����,0'1�+ X � � A����� �E5�����F���������2�,���2 (�����2���
0! �4������*������� .�>�>28��*0'+���
���� X�����	���.�
���� � � A����� �E5�����F���������2�,���2 (�����2���.�>2M���8*0'��+�.���� X:+�> � � +�> # ����/��$#@A����� �E5�����F���������2�,���2 J�����2�������8*0�>28*0:.�>�>28�� X:+�> � � +�> #NA����� �E5�����F���������2�,���2 (�����2���9�������	��N�����*0'+,0'
,0�>�+��FX:+�> � � +�> #NA����� �E5�����F���������2�,���2 (�����2���
�,�����������5��E����������2 X:+�>�� �������3����+�> � +��'&,�$N� ���0'+��	��.�>2/�����8����<0'+��

>2����4������*������� .�>�>28��*0'+���
���� X:+�> � � +�> # �'�� �������� A��5�2����������)��.�>2M���8*0'��+�.���� X:+�> � � +�> # �'�� �������� A��5�2����������)����	�>�
��*0'	�� X:+�> � � +�> # �'�� �������� A��5�2����������)����������		�F����/�/���8�� X:+�> � � +�> # �'�� �������� A��5�2����������)��

The program COMPAR is used to compare different coordinate sets (select input files
������� ����������
 ) without allowing for additional Helmert parameters between the different sets. We
mentioned already that the program is also suited to compare the coordinates using the associated
variance-covariance information (select �� � ��� ������ ��
 ). Keep in mind, that with this program you

Bernese GPS Software Version 4.2 Page 283



18. Combination of Solutions

do not have the flexibility to change the constraints specified in GPSEST, or to change the geodetic
datum. It is, e.g., not possible to combine coordinate sets which were computed using different fixed
or heavily constrained sites. We therefore recommend to use the program ����������� if a statistically
correct combination should be performed.

The program is well-suited to study coordinate repeatabilities and baseline results. By setting two
options you may activate the printing of baseline repeatabilities in the output file. The first option
is ����
 ��� � ����� ��� ��� � ����
 in Panel 5.4.1 (see Section 24.8.29) and the second one has to be set in
Panel 5.4.1–1 , ( �������������  ��� � �$* ����� ����� ; select ���  ��� ��� ��������������� � � ). All this information

may also be obtained using ADDNEQ. For an output description we refer to Section 18.7.7, because
most of the output information is very similar to the output of ����������� .

It is possible to create a summary file ( 
��������� 
���������� � ) using COMPAR. Agencies participating
in the IGS densification project may use this possibility to automatically create a summary file for
their weekly submission of SINEX results.

18.7 Combination Program ADDNEQ

18.7.1 General Introduction

Most of the input options in ADDNEQ are identical to the options available in program GPSEST.
This includes the handling of different parameter types (e.g., coordinates, troposphere, orbits, center
of mass, etc.). We therefore will not repeat all different input options in detail, here. Furthermore,
we refer to the available ������	 panels if questions concerning a specific input option arise.
We put the emphasis on the differences with respect to the parameter estimation using GPSEST
and to the additional features, which are available in ADDNEQ, only.

18.7.2 Differences to GPSEST

Below we summarize important differences between GPSEST and ADDNEQ:

� An a priori coordinate file has to be specified in GPSEST, only. ADDNEQ does not need
such a file because the information is already stored in the normal equations. A coordinate
file, specified in Panel 4.8.1 , (see Figure 18.4) option ��	 �������  ����� is only used as a master
file to create a coordinate output file (specified in Panel 4.8.1–0 , option ������� ����������
 ).

� Fixing site coordinates in GPSEST is equivalent to not setting up these parameters as un-
knowns (not recommended, if normal equations are stored; see Section 18.8). Fixing site
coordinates in ADDNEQ is equivalent to specifying an a priori sigma of 0.01 mm.

� Troposphere handling is much simpler than in GPSEST. In ADDNEQ you only have the
possibility to specify a general absolute and a relative a priori sigma. These values are valid
for all troposphere parameters stored in the normal equations. It is not possible to handle
different sites in a different way (e.g., to constrain the troposphere parameters of some sites
more than others).

� ADDNEQ features, which are NOT available in GPSEST:

– Velocity estimation (more details are given below),
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– Creation of a SINEX file (see e.g. Section 24.8.13 and Section 7.3),
– Free network solutions (more details are given below),
– Long-arc computation based on one-day-arcs (not explained in detail in this documen-

tation),
– Special handling of the Earth rotation parameters (see Chapter 14).

18.7.3 Free Coordinate Solutions

Let us focus on some important aspects when generating so-called “free network solutions” (com-
pare also Section 18.3.4):
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Figure 18.3: Panel 4.8.1–1 options to define the geodetic datum of a solution.

� You may activate the free network solutions in Panel 4.8.1–1 (see Figure 18.3).
� “Fixed” stations have to be specified to define the a priori sites used for defining the ref-

erence network. Please select � � 
�� � 
������ � ����
 using ������ � , using ����� sites, or using a

 	��������� � � ����� . Do not use � 	 � � �� � 
���� ����
 in this case.

� Identical free network options may also be defined for the velocities.
� You have to introduce Helmert constraints in Panel 4.8.1–1.1 (or Panel 4.8.1–1.2 for the

velocities). Introduction of, e.g., 3 translation constraints is comparable (in view of the number
of constraints) to keeping one site fixed (one site velocity vector fixed, respectively). We
recommend to introduce 3 translation constraints for the definition of the geodetic datum of
the coordinates. If you would like to align your solution to a specific network (and not to
ITRF given by the used IGS orbits) you may also specify 3 rotation constraints. The scale of
your solution should be estimated from the GPS data without any restrictions from the a priori
network.
In the case of velocities we recommend to introduce 3 translation parameters. Scale and ro-
tation constraints have the same effects as the translation constraints, if you specify ��� “ � � 

��� 
 	��� � � �����  � ” file in Panel 4.8.1 (see Figure 18.4).

� The residuals of each individual solution with respect to the combined solution (see Section
18.7.7) are computed after applying a 7-parameter transformation (independently of the spec-
ified Helmert parameters) using all sites (independently of the selected “fixed” sites). The
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application of the free network option has many advantages, in particular if you compare dif-
ferent solutions with only a small number of common sites or if an unique definition of the
geodetic datum for all contributing solutions is difficult to realize.

� If a special file for fixing coordinates is specified (in Panel 4.8.1 (see Figure 18.4) for co-
ordinates using the option � � 
 ��� 
 	��� � ��������� or for velocities using the option � � 
 ���

 	��� � � �����  � ), the free network constraints are computed using the coordinate or velocity
values of the selected “fixed” sites in these files instead of using the a priori coordinates orig-
inally used in GPSEST or instead of using a zero-velocity field. More information will be
given in the next section.
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Figure 18.4: The first option input ( Panel 4.8.1 ) of ADDNEQ.

18.7.4 Fixing Coordinates or Velocities on Special Values

Fixing coordinates or velocities on given values (different from the original a priori values) is useful
when defining the geodetic datum with fixed sites.

The option may be useful if data were processed using “bad” a priori coordinates (but not exceeding
a few decimeters). For the final parameter estimation you then may define the geodetic datum by
fixing site coordinates to more meaningful values (e.g. the ITRF92, ITRF93, or ITRF94 values).
The procedure works only if the differences (new 3 old a priori coordinates) are still in the linear
domain of the observation equations.

Constraining and also fixing of coordinates or velocities without specifying a special fixing file
means that the constraints are set up with respect to the a priori values originally used in GPSEST
when saving the normal equations. For coordinates, the a priori values are taken from the normal
equation file in which a specific site appears first.
For velocities, the default reference is a zero-velocity field.
If you specify a special fixing file (in Panel 4.8.1 (see Figure 18.4) for coordinates using option � � 

��� 
 	��� � ��������� or for velocities using option � � 
 ��� 
 	��� � � �����  � ), the same restrictions
are set up as without specifying these files, but now with � � � (see Eqn. 18.27), with � as the
difference between the original a priori values and the new specified a priori values. These new
a priori values are used from the specified fixing file for the selected fixed sites, only.

Page 286 AIUB



18.7 Combination Program ADDNEQ

Note that it is not possible to save normal equations in this case (see Section 18.8). Note also that
special fixing files are not used for the constraints (set up using options � 	 � � �� � 
���� ����
 in
Panel 4.8.1–1 (see Figure 18.3)).

18.7.5 Site Velocity Estimation

The estimation of site velocities is an important application of ADDNEQ. Velocity estimation is
possible if you have processed data covering a long time span. The quality of individual coordinate
estimates is an important factor as well (see e.g. [Brockmann, 1996]). It is easy to invoke a velocity
estimation: Specify ����
 in Panel 4.8.1–1 (see Figure 18.3), option � 	 � � �� � 
���� ����
 . Then you
will get a list of the sites for which you may specify a priori sigmas in units of mm per year. This list
is similar to the list you get if you specify � 	 � � �� � 
���� ����
 for site coordinates. Without speci-
fying a priori sigmas no site velocities are estimated. We recommend to use a value of e.g. 999.99
mm/yr per component if you would like to perform a free velocity estimation. We recommend to
solve for horizontal velocities, only (to specify e.g. 0.01 mm/yr for the vertical components of the
velocities) if you do not have very long time spans of data.
Velocities are also set up if you select “fixed stations” using Panel 4.8.1–1 (see Figure 18.3), option
� � 
�� � 
������ � ����
 for velocities. The consequences of “fixed” velocities was explained already in
Section 18.7.3 and Section 18.7.4.
Estimating one velocity common to several site occupations is not supported by the menu system. If
you edit the I-file of ADDNEQ (see Chapter 3 or Section 24.9) and place an asterisk “ � ” behind the
station number (see Section 24.8.1) and the associated a priori velocity sigmas, identical velocities
will be estimated for all sites with the same station number. If sites with different station numbers
are processed, you may use the station problem file (see Section 24.4.13) to change station numbers
for this purpose. Keep in mind that in all other cases the site velocities are set up using the station
name, only.

18.7.6 Tuning Troposphere Estimates

Troposphere parameterization very much depends on the size of the GPS network and the session
lengths involved. It is not possible to come up with a list stating for all possible applications the
number of troposphere parameters per day and site necessary and their associated a priori sigmas.
You have to find the optimal parameterization and the optimal values for the a priori sigmas by tests
of your own (“trial and error”). In Chapters 4 and 12 you find more information.
ADDNEQ may assist you to find the optimum:

� Store the troposphere parameter information in the NEQ files in GPSEST (see Section
18.2.2).

� Use ADDNEQ and modify the troposphere options in Panel 4.8.1–2.2 (see Figure 18.5):
Reduce the number of unknown parameters according to Section 18.3.5 using option � ������� �
� � 	 ����� ��� ��� ��
 	�� � ��� � and modifying the a priori sigmas ����
�� � ����� and ����� ��� � � � . Fur-
thermore, it may be useful to force ������ ��� � ��� � ��� � 
���� � the troposphere estimates of two
consecutive ������
 (the specified relative sigmas are used for this purpose; pre-elimination of
the troposphere parameters (option � � ) is not allowed in this case).

� Check if the coordinate repeatabilities, listed in the ADDNEQ program output (see Section
18.7.7), are improving or not.
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Figure 18.5: The option input ( Panel 4.8.1–2.2 ) of ADDNEQ to modify the parameterization and the a pri-
ori constraints of the troposphere.
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18.7.7 Output Description

The ADDNEQ output file consists of the following parts:

� � 
�� � � ����	 ��� ����� ������	 ��� � ����� ��� ����

A list of the input files used and the stored output files (information given in the N-file).

� � 
�� � � ���� ����� ��������� � ��� � ������

A list of the normal equation files used (information given in the F-file) including basic
information like the number of parameters contained in the normal equations, title, and the
re-scaling value (may be specified using a � 
�� � file according to Section 24.8.14).

� � 
�� � � 
������ � ����

The list contains station number, station name (see Section 24.8.1), a flag if velocities are
estimated (not in the example below), the total number of coordinate “observations”, and a
table showing in which files each site was observed. The flags used in the table are explained
at the bottom of the list.
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A summary of important input options is included:

� a priori sigmas for coordinates and velocities,
� free network constraints,
� orbit model information,
� troposphere information.
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The statistics of estimated parameters may look as follows (extracted from a solution cov-
ering 3 years of continuous global GPS data processing):
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For each parameter type the following statistical information is included: number of un-
known parameters, number of pre-eliminated parameters (pre-elimination of particular sites
from particular solutions may be achieved according to Section 24.4.13), and number of
parameters with no observations (e.g., parameters that were set up originally with a priori
sigmas, but did not figure in any observation equation).


 ������ 
�� � ��� � ��� 
������ � 
�� ���

For the same example the solution statistics has the form:
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The solution summary contains information concerning the total number of parameters (in-
cluding all unknowns which may have been pre-eliminated in previous runs), the num-
ber of observations, and the total number of processed single difference files. The value
� 	���
���� � � �� � 
���� ��� � � ��� ��� 
�� ������� ( �� � in Eqn. (18.6), same meaning as in program
output of GPSEST) is an important indicator for the quality of the used receivers and for
the quality of the solution (see Chapter 4). This value is furthermore used as the scaling
factor for the estimated covariance matrix.
The value 
���� ��� � � ������� ��������� � ������	 is computed if only coordinates are involved in
the combination. The value is derived as a group rms from weighted coordinate repeata-
bilities [Brockmann, 1996] and is better suited (gives a more realistic covariance matrix)
than the estimated � 	���
���� � � �� � 
���� ��� � � ��� ��� 
�� ������� . You may, e.g., multiply the
formal rms values of the coordinates (see below) with the ratio 
���� ��� � � ������� ���������
� ������	 / � 	���
���� � � �� � 
���� ��� � � ��� ��� 
�� ������� to get more realistic rms values, or, you
may derive an approximate value from the (unweighted) repeatability summary (block
�����	 ��� � 
���� � � 
������ � ��� ������� ����������
������ ), or, as a third possibility, use the (weighted)
rms values specified in block ��� ��� � ��� ����
 � � �����  � ����� �� 
 � � � � � ������� ����������
 .
In the case of free network solutions this coordinate group rms value may be too pessimistic,
because the coordinate repeatabilities are computed without allowing for Helmert parame-
ters. In that case you should use the second possibility to derive more realistic rms values
for your coordinates.

����
���� ��
 � � ������ ����� � 
�� � ��� � ��� ���� 
������ � ��� ������� ����������

In this block a list of coordinate estimates is given in the following way (identical to
GPSEST):
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�>�
���	3+���/�9���8F>2�5��
���
,0�>�+��$ -2��=+���/ ��
���
,0�>�+3+���/�� ����8���/���
���8 ����8*0�>28*0 M���	���� +��	��M���	���� +��	� �'�3��8*0�>28*0 8�/�����8�8�>28W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
G,-2= �2�*0'+3G���G�=�=�/�����G [ �26 L -2Q�6�=���� T�G�=�� �26 L -2Q�6�=���� T L T�� �2��� ��-2P�� ��� ������-

� �'G,-2T�� L T L � 6 L Q�6 �'G,-2T�� L T L �<-2P�Q�P ��� ����T�P ��� ������-
� G���Q�P L =�-�� =�Q�P L G���Q�P L =�-�� 6�P�G�P �2���<-�-�-2T ��� ������-
S��,0'1�S�
 -�-2� L � ��T�T�G -�-2� L � Q�Q L � �2���<-26�G�G ��� ������-	���
,0'
������ =�T L ��6���� =�T���=�6�Q =�T L ��6���� =�T�P�T�Q�P �2��� ��G,-2Q ��� ������-	�>�+�1,0'
������ ��-26�� L P�=�T�� T�6�T�- L Q ��-26�� L P�=�T�� T�=�-2P�Q�G �2��� � L T�P ��� ������-

����� ���������������������������

The example needs no further explanation.

In columns 100 to 132, in the lines corresponding to ��� ������� , � ��� ��� ����� , and ������� ��� �����
you find information concerning the error ellipsoids including some projections for each
site.

8�/��:��8�8�>28 = �!�5��	�	,0'����>�0!� 6 �!�3��	�	,0'�����W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W��� ����-2= ��� ����-2= ��� = �<� ���� ������6 ��� ������- ��P�� P ��� ������- ��P�� Q � A �
��� ������- ��� ������6 �2���<- ��� ������6 �!���
�'-�� �<6 � �<= � � G�� � L �

6 values (3 main axis parameters and 3 angles) characterize the three-dimensional ellip-
soid and 3 values (2 main axis parameters and 1 angle) describe the two-dimensional error
ellipse.

The lines are marked with (a), (b), and (c), the columns with (1) - (5). These marks are not
included in the output file. The values (not extracted from the previous coordinate example)
are defined as follows:

Column (1) : contains the rms errors in height (a), latitude (b), and longitude (c). These
values are the intersections of the three-dimensional error ellipsoid with the
coordinate axes of the local geodetic coordinate system.

Column (2) : contains the lengths in meters of the principal axes of the three-dimensional
error ellipsoid.

Column (3) : contains in the first line (a) the zenith distance in degrees (o) of the longest
axis (2a), in the second line (b) the azimuth, counted positive in the direction
to east, of the axis (2b) and in the third line (c) the elevation angle of the
same axis (2b).

Column (4) : contains the lengths in meters of the principal axes of the two-dimensional
error ellipse in the horizontal plane.

Column (5) : contains the azimuth in degrees (o) of the principal axis (4b), counted positive
in the direction to east, in the horizontal plane.

This information is useful to produce plots of error ellipses as shown in Figure 18.6. The
big error ellipse for the site 
 ��� � is a consequence of the small number of observations. The
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shape of the error ellipses is typical for ambiguity-resolved regional solutions. Regional
solutions without ambiguity resolution usually show larger rms values in the east-west di-
rection by a factor of about 2.

Figure 18.6: Error ellipses using the values of the GPSEST or ADDNEQ program output.

���
�������
 � ��� ��������� ������� � ������� �$*����

The results for the other parameter types (e.g. troposphere parameters, orbits, etc.) are not
explained in more detail here. The information given in the program output should be suffi-
cient.

��� ��� � ��� ����
 � � �����  � ����� �� 
 � � � � � ������� ����������

In this block we summarize the coordinate estimates in the geocentric coordi-
nate system together with the associated rms information. The formal rms of the
previous block is repeated ( � � 
 � ). The formal rms error of the station position

� � 
 � � 
 ���  � � � 
 � �� 2 � � 
 � �
 2 � � 
 � � � is given in the last column. The second rms
value � � 
 � is derived from weighted coordinate repeatabilities, similar to the computation
of the group rms in the output block 
 ������ 
�� � ��� � ��� 
������ � 
�� ���
 . In this case we con-
sider one coordinate component as a group.

The ��	��  � of the coordinates listed here and also in the resulting coordinate file (see Section
24.8.1) is usually the middle of the observation time span. Only in one case we refer the
resulting coordinates to a different epoch: if you specify a special coordinate fixing file (see
Section 18.7.4) without specifying a special velocity fixing file to propagate the coordinates
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to the middle observation epoch, we retain the epoch of the special coordinate fixing file as
reference epoch for the resulting coordinates.

W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W/�����+�M���	������5>2��1���>�.���+�
�8*02.3[$# �B# � � .�>�>28��*0'+���
����8�/���- N��>28�/���	3��.�.���8���.��J>2�3����.�SF.�>�>28��*0'+���
��F.�>2/���>�+���+�
���8�>2/F.�>2/�9,0'+����F��>�	���
,0�>�+8�/���6$N8�/��3>2� ���,0'1�S�
����5��M���8���1��J>2������.�SF.�>�>28��*0'+���
��F.�>2/���>�+���+�
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W����>�.�S  -2T�T�P �2��Q �26�G -�-  L T$ G LM���	�>�.�0'
	�5/�>2����	J0'+�
�8�>2����.����F
�>50'+��*0!M*0!������	F��>�	���
,0�>�+��$ ����8�> M���	�>�.�0'
	�3�*0'��	��

+���/ ��
���
,0�>�+ � �*0'	���	�1 [ � / � 8�/���- 8�/���6 ��� / � 8�/���- 8�/���6 ����� 8�/���-��'[	� �W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
- ��P?.���1�	J-26�Q�6 L /�����= 6:/�G ��T�=�=�Q���� T�G�=�-���� �������3��� ����- L Q�Q�6�P�G�T�� P�6 L �5��� ������63��� ������G������@��� ����-�-- L�L /���
��J-26�Q�=�G�/�������9F=:/�G�P�G,-2T�G�T�� Q�- ��TF��� ������Q3��� ����-2P -2=�T�=���G L � 6�P�T�T5��� ������63��� ����6�= �����@��� ����-2�-26�67/������3=�-2=���=�/�����6 6:/ L G�=�T�-2T�6�� 6�G�Q L ��� ����-�-:��� ����=�- ��- L 6�6�� L�L � P�=�-'GF��� ������=3��� ����=�� �����@��� ����-2=
����� ��������� ����������������� � �

� � 
�� � � � � 
 � ��� ����

Each NEQ system (corresponding to one NEQ file) is resolved individually applying the
new specified input options. The list of rms values is useful to have a good overview about
the impact of each contributing solution.

�*0'	��H�*0'	���+���/�� 8�/�� � >�9�� � ����8 � >28*0'1�� � � ����8��<��>�	�M���� ��/ ���
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
- / ���.�>2/�9�\�1�	�>���>2��
�������8���� L Q�Q�� +���� ��� ����=�� ��=���T�Q�P -2��6�6�P -�-'G L ��6�G�P�� G�T�T���=6 / ���.�>2/�9�\�1�	�>���>2��
�������8���� L ��Q�� +���� ��� ����6�G ��Q���- L - T�T�=�P -�-'G L ��6 L =�� G�T�T���== / ���.�>2/�9�\�1�	�>���>2��
�������8���� L T�Q�� +���� ��� ����= L ��T�T�6�T�T T�Q�=�= -�-�- L ��6�P���� G�T�T���=GZ/ ���.�>2/�9�\�1�	�>���>2��
�������8�����P���Q�� +���� ��� ����=�P ����G�=�T L T�T L T -�-'G L ��6�P�Q�� G�T�T���=L / ���.�>2/�9�\�1�	�>���>2��
�������8�����P�-2Q�� +���� ��� ����=�P Q�P���P�� L -26���G�P -�-'G L ��6�Q�G�� G�T�T���=P / ���.�>2/�9�\�1�	�>���>2��
�������8�����P�6�Q�� +���� ��� ����=�G ��=���T�=�T -�- ��Q�G -�-'G L ��6���-�� G�T�T���=Q / ���.�>2/�9�\�1�	�>���>2��
�������8�����P�=�Q�� +���� ��� ����=�P ��=�=�G�G�= -2��6 L P -�-'G L ��6������ G�T�T���=
� / ���.�>2/�9�\�1�	�>���>2��
�������8�����P�G�Q�� +���� ��� ����=�Q T�- L ����G -26�����Q -�-'G L ��6�T L � G�T�T���=W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W��� ����=�Q?P���G�T�P�-26 � L 6 L - -26�= L ��6 L P�� T�T�T���=

� ������� � � 
�� � � �� � � �� ���� � ��� ����

This list shows the rescaling values. Values � � � � are possible by specifying a � 
�� � file (see
Section 24.8.14).

�����	 ��� � 
���� � � 
������ � ��� ������� ����������
������
In this block we compare the results of the site coordinates for each individual solution with
the combined solution. The coordinate repeatabilities, in units of mm, are given in the local
north-east-up coordinate system. The intention is to detect outliers (see also block ������� ��� �
��� ���� � � ��� ). In the column � � 
 we compute an unweighted rms for the estimation of a
single coordinate component (for more information see the explanations concerning block

 ������ 
�� � ��� � ��� 
������ � 
�� ���
 ).
Specifying a � 	�� � file (see Section 24.8.11) saves the same information into a file in a
different format, better suited as input to conventional plot tools.
We mentioned already in Section 18.3.4 that in the case of free network solutions the resid-
uals are obtained after a Helmert transformation. In the case of long time series including
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velocity estimation you may wish to remove the effect caused by the estimated velocity.
Edit the I-file, search for the string ����	�� ��� 	�� � and insert there a “2” instead of “0”. The
default plot option is “0” to retain the linear development of the coordinate components in
the residuals.

W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W.�>2/�����8*02��>�+J>2�5��
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3
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,0�>�+(0'+�/�/
� ��+	���,0'1�S�
����58�/��3>2�(0'+��*0!M*0!������	F.�>�>28��*0'+���
��38�����0!������	��W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W

�>�
���	3+���/�9���8J>2�5��
���
,0�>�+��$ G,-W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
+���/ ��
���
,0�>�+ � �*0'	5.Y8�/�� - 6 = G L P Q �W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
- ��P?.���1�	J-26�Q�6 L /�����= �7+ -�� 6 ��-�� � �2��� Q ��� Q ���<- ��� = 6�� G �2��� L -�� P� -�� P �2��� QV-�� 6 �26�� Q �2��� = �2��� Q ��� TV-�� QZ6�� 6� G�� P ��-�� Q �'G�� � ��� = � L � � �'G�� G P�� QZG�� 6Z6�� G
- L ����0!/�/(-'G�����-!/�����G �7+ -�� Q =�� = ��� � �2��� = ��-�� P �2��� PV-�� Q ��� � ��-�� Q� -�� Q �26�� Q �2��� T �2��� P 6�� L -�� = ��-�� P ��� � �2��� L� =�� T L � P P�� 6 -�� L ��� = �2=�� T �2=�� Q ��� � ��-�� P
����� ���������������������������

��� 
�� ��������� � � � 
 � ��� ����
 
 ��� � ����
 	��� � ��� � ��� ������ ����� � 
�� � ��� � ���
This block contains a summary of the repeatabilities for each file. This information is
well-suited to find out whether particular normal equations contain problems. Because un-
weighted rms values are computed it may occur, that outliers for a single site for a particular
solution (e.g., due to a small number of observations), degrade the summary values for that
specific solution.
� �� is the ratio of the repeatability and the formal rms value. The information contained
in this line may also be saved to a � 
�� � file using Panel 4.8.1–0 , option �� � ��� ������ �
�����	���� . Furthermore, we use these values for the outlier detection described below.


�>�
���	�+���/�9���8J>2�5��
���
,0�>�+��$ G,-
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W

� �*0'	5.Y8�/�� - 6 = G L P Q �W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
.�>2/�9,0'+���
,0�>�+ �7+ -�� Q -�� Q 6�� � -�� L -�� QZ6�� �V-�� =V-�� G 6�� 6� -�� Q 6�� 6V-�� � -�� L -�� P -�� QV-��<- -�� QZ6�� �� G�� Q L � = L � 6Z=��<- L � = G�� 6ZG�� � L � P G�� G

� ��
�� G,- =�� =�� =�Q =�� =�� =�� =�� =��
����. G�� L G?Q�� P�Q L � G � L � ���7G�� Q�- L � 6�=HG�� ��67G�� P��


�� ��������� � � � 
 � ��� ����
 
 ��� � ����
 	��� � ��� � ��� ������ ����� � 
�� � ��� � ���
This block contains the same information as in the previous block, but now the rms values
are computed using the formal rms values for each coordinate component estimation. Out-
liers due to a small number of observations do not play a major role, here. This information
is available for free network solutions, only.
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������� ��� � ��� ���� � � ���
The residuals in the block �����	 ��� � 
���� � � 
������ � ��� ������� ����������
������ are analyzed for
outliers using the information about the individual formal rms values. The “detection level”
for the components ������ � , � ��
�� , and ��	 is 3 times of the mean formal rms of all con-
tributing files (the column � � 
 in block ��� 
�� ��������� � � � 
 � ��� ����
 
 ��� � ����
 	��� ������� ).
Outliers of several meters may disturb outlier detection. You may pre-eliminate sites of
particular solutions using a station problem file (see Section 24.4.13).
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also performed between individual solutions (instead of comparing each solution with the
combination). To reduce the amount of output we give this information only if less than 16
normal equation files are processed.
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If you defined baselines using a ( � ��
 � ) file (see Section 24.8.29) in ADDNEQ you also get
baseline statistics (residuals in latitude, longitude, height, and length) for those baselines.
The relative error (expressed in 	�	 �  parts per million) is computed as the ratio of the rms
of the quantity considered (in column � � ��� ��� ) and the baseline length. The � � 
 values are
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Figure 18.7: Plot of the baseline length residuals and the associated rms errors (in cm) derived from the
ADDNEQ (or COMPAR) output.

the formal rms values derived from the individual solutions. An example for the develop-
ment of the baseline length and the associated formal rms errors (column �	� � 
 � ) is given in
Figure 18.7.7. The velocity value given in the first line refers to the baseline length.
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18.8 Handling Parameters and NEQ Files in Programs GPSEST
and ADDNEQ

Let us address in this section a few important aspects concerning the parameters and the NEQ files
as they occur in programs GPSEST and ADDNEQ.

GPSEST Do not use fix sites when saving normal equations, because GPSEST does not set up
the coordinate parameters for fixed sites. Constrain the stations (using, e.g., an a priori
sigma of 0.0001 m) instead.

GPSEST Do not resolve ambiguities and create the NEQ file in the same program run. Solve
ambiguities first, then introduce the resolved ambiguities in the second run and generate
the NEQ file.

GPSEST Select pre-elimination of type � � for ambiguity parameters when saving the NEQs.

GPSEST Select pre-elimination of types � � or � � for troposphere, if you do not want to change
the troposphere parameter handling later in ADDNEQ, select ��� if you want to include
them in the NEQs.

ADDNEQ In Panel 4.8.1–2 , option 
���������
 	������� �� ����� 	���
 	���� ��� , say ����
 to allow the speci-
fication of a priori sigmas (if you are not sure whether there are troposphere parameters
in the NEQs).

ADDNEQ Fixing sites is allowed (as opposed to GPSEST), because fixing is equivalent to con-
straining coordinates to an a priori sigma of 0.01 mm in ADDNEQ.

ADDNEQ The generation of a SINEX file is not allowed (NEQ file is allowed), if free network
solutions are generated because of a singular a priori covariance matrix. The use of the
inverted a priori covariance matrix would solve the problem, but this information is not
supported by most of the SINEX reading routines.

ADDNEQ Saving a NEQ file is not possible (SINEX file is possible), if you specify a special
coordinate file for fixed sites in Panel 4.8.1 . This limitation is not important, because
you may create normal equations containing all information without this special file.

ADDNEQ Saving a NEQ file is not possible (SINEX file is possible) if velocities are solved for.
ADDNEQ supports the estimation of velocities, but not the handling and combination
of estimated coordinates and velocities.
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19. Stacking of Normal Equations
Using the New ADDNEQ2 Program

The program ADDNEQ2 was developed during the years 1997 and 1998 as a replacement of the
older program ADDNEQ. The new program has not only the whole functionality of its predecessor
but it adds many new options, too. ADDNEQ2 is the first Bernese program written in Fortran 90.
It uses features of the new language standard like dynamical memory allocation, structures, mod-
ules etc. The main idea behind the development of ADDNEQ2 was the common way of handling
different parameter types. This approach is described in the following section.

In the Bernese GPS Software Version 4.2, the program ADDNEQ2 is delivered in an experimental
stage. It will, however, replace ADDNEQ in the next release of the Bernese GPS Software. Users
interested in long time series are advised to archive their normal equations in both, ����� and � � � ,
formats (GPSEST generates both file types by default).

19.1 Time-Dependent Parameters

Despite the fact that only data from so-called static GPS applications are processed by the Bernese
GPS Software, many parameters are clearly time-dependent. A typical example is the tropospheric
delay. Even such “stable” parameters as the coordinates of static receivers in the terrestrial reference
frame become time-dependent, if data stemming from long periods are processed. Those parameters
have to be modeled as a function of time at some point in the processing procedure.

19.1.1 Piece-Wise Constant Function

The simplest way to introduce a time-dependency for a particular parameter consists of defining a
piece-wise constant function according to the Figure 19.1.

In the Bernese GPS Software piece-wise constant functions are used for the modeling of station-
specific tropospheric delay. The time information corresponding to this type of parameters consists
of the center of the validity interval and the interval length.
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Figure 19.1: Piece-wise constant function.

19.1.2 Piece-Wise Linear Function

Using a piece-wise constant function is simple but also inconvenient, in many cases “unphysical”
because of the discontinuities at the interval boundaries. Actually, this kind of parameterization has
only “historical” reasons and we plan to replace it in all cases where continuity is expected from the
physical point of view.

A better but still rather simple solution is the linear or piece-wise linear function. In this case each
parameter � in each particular time interval

� - ����- � � is modeled according to one of the following
figures:
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Figure 19.2: Modeling of time-dependent parameters by �:� � ��� resp. �� ����� .
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are equivalent. For the transition between these two parameterizations we may use the following
transformation equation

x 

��� � �

3 �

- � 3 - �
�

- � 3 - �

�
�� �

x  C
�

x � (19.1)

and according to this the new system of normal equations reads as

C
�

N C
�

x  C
�

b � (19.2)

Although both approaches are equivalent from the mathematical point of view, we prefer to use the
parameters

�

x 
�

�	�
� � � �

Consequent use of this kind of parameterization is made in the new program ADDNEQ2. With this
definition there is no need to distinguish between “offsets” and “drifts” (only offsets are necessary).
Furthermore, we have the advantage of a very simple form of the condition for the continuity at the
interval boundaries (see Section 19.2.8).

In ADDNEQ2 the time validity of each parameter is characterized by two values: the epoch - �
that is the center of the validity interval, and the length of the validity interval. If the piece-wise
linear modeling is used, this length is set to zero and the actual value of the parameterized quantity
in epoch - � - � is computed using the linear interpolation between two parameters. A non-zero
interval length means that the piece-wise constant function is used.

19.2 Parameter Manipulations

The following operations may be performed with parameters in the new program ADDNEQ2:

(1) Changing the auxiliary parameter information.

(2) Rescaling the normal equation systems.

(3) A priori transformation of the coordinates to a different reference frame.

(4) Changing the a priori values.

(5) Changing the validity interval.

(6) Parameter elimination.

(7) Parameter stacking.

(8) Constraining of the parameters.

(9) Changing the parameterization of the time-dependent quantities.

(10) Expansion of the normal equation system.

These basic operations represent the functionality of the ADDNEQ2 program. Every actual opera-
tion performed by ADDNEQ2 may be expressed as a combination of basic operations listed above.
Let us now discuss the individual operations:
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19.2.1 Changing the Auxiliary Parameter Information

This is a very simple operation which does not have any influence on the system of normal equations.
It includes renaming of stations and changing receiver and antenna names. This manipulation is done
by the subroutine RDSTACRX immediately after reading the NEQ system from a file.

19.2.2 Rescaling the Normal Equation Matrices

Rescaling of normal equations is important, e.g., if two or more NEQ systems have to be combined,
where each of them stems from different processing software or strategies. A typical example is
given by the use of different sampling rates for GPS observations. Due to the time-correlations of
GPS observations, the results remain (almost) the same, but the variance-covariance matrices change
if different sampling rates are used.

The problem is solved by the following transformation: assuming the original NEQ system

N x  b � (19.3)

the new system reads as
� N x  � b � (19.4)

where � is the a priori scale factor. Its statistical meaning is the ratio of the variances:

� 
� �� � �� �� � � � (19.5)

In the program ADDNEQ2 the rescaling is performed by the subroutine APRHELM if the a priori
information on the scale factor is provided.

19.2.3 A priori Transformation of Coordinates Into a Different Reference Frame.

A parameter transformation must be used for the transition between two reference frames. Let us as-
sume that we want to combine normal equations stemming from the solution with fixed coordinates
in, e.g., ITRF93 (denoted by index “93”) with a second set of normal equations where the ITRF94
(denoted further by index “94”) was used. Both reference frames are related by the 7-parameter
transformation��� � �� �� �

�
��

 �

 � � 2 � 

��� � � 3 �
3 � � �
� 3 � �

�
��

� ��� �

R

��� � �� �� �
�

��

 �
2

��� ���
� �
���

�
��

� ��� �

�

� (19.6)

Introducing the a priori values for the coordinates (in matrix notation)

X 
 �  X )
 � 2 �

x (19.7a)

X 
 �  X )
 � 2 x � (19.7b)

we may write
X )
 � 2 �

x  R � X )
 � 2 x 
 2�� � (19.8)
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Assuming small rotation angles � ��� � � , we may simplify the last equation by setting

R x
� x � (19.9)

Thus the relation between old and new parameters is of the form

x 
�

x 2 � X )
 � 3 R X )
 � 3 � 
 � (19.10)

The transition between two different a priori reference frames is thus nothing but a change of the
a priori values of the station coordinates. In ADDNEQ2 the subroutine APRHELM is responsible
for the transformation of the a priori coordinates. Then the NEQ system is transformed by the
subroutine APRTRANS as described in the following section.

19.2.4 Changing the A Priori Values

Changing the a priori values is based on the following relation between the old and new parameters:

x 
�

x 2 � X )� � � 3 X )� � � 
 � (19.11)

A priori values do not have any influence on the normal equation matrix N, but they change the
vector b on the right-hand side of the NEQ system:

�

b  b 3 N � X )� � � 3 X )� � � 
 � (19.12)

The transformation of a priori values is performed by the subroutine APRTRANS immediately after
reading the NEQ system. A priori values are changed, if different values are provided as input (this
is, e.g., always true for the station coordinates). If the system contains some drift parameters (this is
the case if the system stems from the older programs, e.g., from GPSEST), the a priori values of all
drift parameters are automatically transformed to zero (there are the Earth orientation parameters as
an example).

19.2.5 Changing the Validity Interval

Changing the validity interval usually precedes parameter stacking (see below). Two variants of this
operation are provided. The first variant is used, if some quantity is modeled by the (piece-wise)
constant function:
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Figure 19.3: Changing the validity interval for the constant function.
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Such an operation is trivial. It does not have any influence on the system of normal equations. It just
changes the time interval information in the parameter description structure.

The situation is more complicated when a certain quantity is modeled by the (piece-wise) linear
function:
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Figure 19.4: Changing the validity interval for the linear function.

The time-dependent value � �.- 
 may be expressed in two ways:

� �.- 
  � � - ��� � 3 -
- ��� � 3 - � 2 � ��� � - 3 - �

- ��� � 3 - � (19.13)

� �.- 
  �

�	� - � 3 -
- � 3 - � 2

�

� � - 3 - �
- � 3 - � � (19.14)

Comparing both expressions we obtain the transformation matrix for the interval
� - � �=- ��� � � :

x 

���� - � 3 - �
- � 3 - �

- � 3 - �
- � 3 - �

- � 3 - ��� �
- � 3 - �

- ��� � 3 - �
- � 3 - �

�
��� �

x  C
�

x � (19.15)

This matrix may be extended for an arbitrary number of subintervals. Using Equation (19.15) the
subroutine PARTRANS transforms the NEQ system according to Equation (19.2). Changing the
validity interval has an influence on the normal equation matrix N and on vector b (right-hand side
of NEQ system).

19.2.6 Parameter Elimination

Pre-elimination of parameters was described in Section 18.2.2. It is performed by the subroutine
PARELIMI. One may decide whether the parameters are pre-eliminated before or after the stacking
of normal equations. Before pre-elimination, the parameters may be either constrained or trans-
formed.
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19.2.7 Parameter Stacking

A simple, but basic operation of the ADDNEQ2 program is called the parameter stacking. If we
want to stack the parameters � � and � ��� � into one parameter � � , we can use following parameter
transformation: ���������

...
x �

x ��� �
x ��� �...

�
�������� 

�����������

� � � � � � � � �

...
. . .

...
. . .

...
� � � � � � � � �

� � � � � � � � �

...
. . .

...
. . .

...
� � � � � � � � �

�
����������

� ��� �

C

�������
...

x �
x ��� �...

�
������ � (19.16)

The parameter stacking is sometimes performed immediately after reading the normal equation
system. But usually some type of parameter transformation precedes the stacking. A typical example
is the reduction of the number of parameters according to the following figure:

t

x

Figure 19.5: Reducing the number of parameters.

The operation is performed in two steps: first, the validity interval is changed according to Section
19.2.5 and then the stacking is performed.

19.2.8 Constraining of the Parameters

In the Bernese GPS Software the constraining of the parameters is performed by adding fictitious
observations as constraints. The old ADDNEQ program used the constraining technique rather ex-
tensively for almost every parameter manipulation. Because of numerical problems in this approach,
ADDNEQ2 is based on parameter transformation instead of constraining technique wherever pos-
sible. However, there are still quite a few situations when the constraining technique has to be used
or when a transformation is too complicated. We will discuss several such cases in this section.

The constraining of the parameters in the Bernese GPS Software is done by introducing fictitious
observations in the form

Hx 3 h  0 � (19.17)
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The corresponding weight matrix (of constraints) is denoted by P � and it is a diagonal matrix of the
form

P �  diag

� � �)
� �� � � (19.18)

where the values of � � are specified by the user. Denoting the normal equation matrix of the original
(unconstrained) system by N and the right-hand side vector of the original system by b, the new
(constrained) system receives the form

� N 2 H
�

P � H 
 x  b 2 H
�

P � h � (19.19)

19.2.8.1 Constraining Parameters to Their A Priori Values

Any parameter may be constrained to its a priori value using the fictitious observation in the form

� � 3 � )�  �
or, which is equivalent � �  � � (19.20)

Such a fictitious observation has the weight

� �  � �)
� �� � (19.21)

where both, � �) (a priori variance of unit weight) and � �� , are input parameters of the program.
This type of constraining is often used for station coordinates and it is “almost mandatory” for
� � � 3 � � / estimates at the starting epoch (see Chapter 14).

19.2.8.2 Constraining Ellipsoidal Coordinates

The situation is slightly more complicated when ellipsoidal coordinates are to be constrained. The
reason for constraining ellipsoidal coordinates rather than rectangular coordinates might be, e.g.,
different accuracy of the a priori horizontal and vertical positions. The ellipsoidal coordinates may
be fixed using the fictitious observation

H x  0 � (19.22)

where H is the Jacobi matrix of the transformation between a rectangular and ellipsoidal coordinate
system:

H 

�������
���
� �

���
� �

���
� �

� $� �
� $� �

� $� �
�
	 � � �� �

�
	 � � �� �

�
	 � � �� �

�
������ � (19.23)

For the computation of the matrix H the spherical approximation is sufficient.

19.2.8.3 Relative Constraints of Station Coordinates and Velocities

It is also possible to constrain two parameters with respect to each other using the fictitious obser-
vation

� � 3 � �  � � (19.24)
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Ellipsoidal coordinates of two stations may be constrained as well:

H � x � 3 H� x�  0 � (19.25)

Velocities of two stations may be handled in this way, too. We have the possibility to constrain the
horizontal or the vertical component only. We use the following fictitious observation:

H � � x � �.- � 
 3 x � �.- � 
�
 3 H� � x � �.- ��
 3 x � �.- � 
�
  0 � (19.26)

In this latter equation - � and - � are the boundaries of the time interval. Because of small station
velocities, the Jacobian matrices H � and H� are (almost) time independent.

Relative constraining of station velocities may be used, e.g., if the velocity of a large lithospheric
plate (with many GPS stations) is estimated.

19.2.8.4 Free Network Conditions

GPS is in principle an interferometric technique. Therefore it is in general not possible to estimate
the absolute position of all stations. Some of them (at least one) have to be kept fixed on their a
priori positions or so-called free network conditions have to be introduced.

Free network conditions are based on the assumption that there are two reference frames:

(1) a priori reference frame, and

(2) the reference frame of the resulting coordinates.

Both reference frames are related to each other by the 7-parameter transformation:������ �
�� �
� � �

�
��  � � 2 � 


��� � � 3 �
3 � � �
� 3 � �

�
�� ��� � �� �� �

�
�� 2

��� ���
� �
���

�
�� � (19.27)

(The 7-parameter transformation may be written in this linearized form, because only small rotations
� ��� � � are considered). The idea of free network conditions is based on the requirement that some
of these seven parameters (computed using the Helmert method) are set equal to zero.

Equation (19.27) may be rewritten as

������ �
� � �
� � �

�
�� 

��� � �� �� �
�

�� 2

��� � � � � 3 � � � � � �� � � � � � 3 � � � �� � � 3 � � � � � � �
�

��
������������

���
� �
���

�
�
�

�

�
�����������
� (19.28)

or, in vector notation:
�

X �  X � 2 B � � � (19.29)
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Let us introduce the vectors
�

X � X, and the matrix B by

�

X 

���� �

X �
�

X �
...

�
��� � X 

��� X �
X �
...

�
�� � B 

��� B �
B �
...

�
�� �

If we want to compute the parameters, we can use the following “observation equation”:

v  B
� 3 �

�

X 3 X 
 � (19.30)

which results into the following system of normal equations:

B
�

B
�
 B

�
�

�

X 3 X 
 � (19.31)

In our case the expression
�

X 3 X is the difference between the estimated and the a priori value:
�

X 3 X  x � (19.32)

The parameters of the 7-parameter transformation are given by
�
 � B

�
B 
 � � B

�
x � (19.33)

The free network condition thus may be imposed by adding the following fictitious observation

H x  0 � (19.34)

where
H  � B

�
B 
 � � B

�
� (19.35)

Because of the regularity of the matrix B
�

B it is even possible to use

H  B
�
� (19.36)

It is not always necessary to constrain all seven parameters
�

. The number of singularities (that have
to be removed using the constraints) depends on the solution type. In global solutions, it is usually
sufficient to constrain the rotation parameters only (using the corresponding part of H). This is the
minimal constraint for the GPS network.

19.2.8.5 Continuity Condition (SINEX)

Usually we require the continuity on the interval boundaries:

x

x
i

x
i+1

t

Figure 19.6: Continuity condition for the piece-wise linear function.
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If we parameterize the piece-wise linear function by offsets only, this condition may be assured by
the correct parameter transformation (stacking). However, for SINEX output we are compelled to
use drifts (see Figure 19.2). Of course, it might be possible to formulate the corresponding condition
for offset and drifts. We prefer a different approach:

(1) We use offsets only. With this parameterization the continuity is automatically assured.

(2) We expand our NEQ system according to Section 19.2.9. We thus obtain a singular system.

(3) We introduce the fictitious observations in the simple form

� � 3 � ��� �  � � (19.37)

These constraints remove the singularity from the system.

(4) We transform the (constrained) system according to Equation (19.1).

19.2.9 Expansion of the Normal Equation System

Adding new parameters to the system of normal equations leads to a so-called expansion of the
normal equation system. The procedure may be described by the parameter transformation

x  C
�

x � (19.38)

where x is the original,
�

x the expanded vector of parameters and C is given by

C 

��� � � � � � � � � � �

...
. . .

...
...

...
� � � � � � � � � �

�
�� 

�
I 0 � � (19.39)

Obviously, after performing the transformation of the NEQ system according to the equation (19.2),
the resulting normal equation matrix

�

N becomes singular:�
N 0
0 0

� �

x 
�

b
0
� � (19.40)

This operation is required at least in four cases:

(1) Estimation of station velocities.

(2) Addition of stochastic pulses in long-arc combination (see Chapter 8).

(3) Change of parameter description for SINEX.

(4) Helmert parameter estimation.

19.2.9.1 Estimation of Station Velocities

Station coordinates in a terrestrial reference frame are very stable in time. The program GPSEST
processes data stemming from time intervals not exceeding a few days (typically only one day).
It is therefore reasonable and sufficient to model each station coordinate by a single value only.
However, the analyses based on the combining of normal equations may cover time intervals of
several months or even years. For such applications it is necessary to take station velocities into
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account. The problem is solved in the following way: after reading the NEQ file, the system is
expanded (station coordinate parameters are added) according to a scheme illustrated in Figure 19.7.

t 1
t 2

x
1

t 1
t 2

x
1

x
2

xx

Figure 19.7: Addition of the new coordinate parameter.

The resulting system of normal equations is singular. But it is possible now to change the validity
interval according to Section 19.2.5. The length of the new interval covers the entire analyzed period
(e.g., one year). The resulting NEQ system may then be stacked together with the other systems
(transformed in the same way — see Section 19.2.7). Stacking of many NEQ systems referring to
different epochs removes the singularity.

19.2.9.2 Changing the Parameter Description for SINEX.

As mentioned, we consistently try to use only offset parameters for (piece-wise) linear functions.
However, the SINEX standard (see Section 7.3) requires offsets and drifts for Earth rotation param-
eters.

x
i

x
i+1

x
i+1x

i

x
i

x

t

x

t

Figure 19.8: NEQ system expansion for SINEX.

In Section 19.1.2 we gave the formulae for the transformation between these two approaches. If we
want to change the parameterization from offsets only to offsets and drifts, we have to expand the
NEQ system according to Figure 19.8.
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After the expansion the pairs of offsets are transformed into offsets and drifts. The resulting NEQ
system is, of course, singular. The singularity is removed if continuity at the interval boundaries is
imposed.
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19.3 Input Options of the Program ADDNEQ2

In this section the input options of the program ADDNEQ2 are described briefly. It has to be said
that only a limited set of options is available through the menu. The reason is, that in ADDNEQ2
the basic operations described in previous sections (e.g, constraining, binning etc.) can be applied
specifically to each parameter (really parameter, not only parameter type).

The menu system provides a reasonable subset of available options. However, the experts may use
all the options by editing the input � -file directly (ADDNEQ2 uses only the � -file and no � - or
� -files).

In the Panel 4.8.3 the user specifies the names of input and output files. It should be mentioned, that
the files from the 
 �	� ��� � directory have to be specified here, too. The menu program of ADDNEQ2
does not use the selection from Menu 0.3.1 . The station crux file specified here has to be in the new
format (see Section 24.4.13). This format differs from the format used by the programs GPSEST
and ADDNEQ.

G�� ��� = .�>2/�9,0'+���
,0�>�+J>2�3+�>28�/���	3���2����
,0�>�+F������
���/�� � +��	�3������+�����63��8�>�1�8���/ �

.���/����,0'1�+ X � � A����� �E3�����J���������2�,���2 J�����2���
1��� ��������J0! �4������*������+��'&,��� �'�! ,���2��),�! �"F�������� ,�����2 ,� # �'���� ����
1���+���8���	5.�>�+���
���+�
�� X�.�>�+���
�� � � A����� �E  ����� � �����2���	�>�.���	31���>2����
,02.�����
���/ X ����
���/�� � � A����� �E  ����� � �����2�����
���
,0�>�+5.�8���[��*0'	�� X���
���.�8���[�� +��	� � � A����� �E  ����� � �����2�������
���	�	,0'
��5��8�>�9�	���/�� X�����
 -2T�T�P�� .�8�[ � � A����� �E  ����� � �����2�������
���	�	,0'
�� 0'+���>28�/���
,0�>�+ X�����
���	�	,0'
�� 
�
�
 � � A����� �E  ����� � �����2�����S������5.���+�
���83��.�.���+�
�8*02.�0'
,0'��� X:��S���� 0'1���� ��- � � A����� �E  ����� � �����2�����>�	��J0'+���>28�/���
,0�>�+ X�.���G -2T�T�P�� ��8�� � � A����� �E  ����� � �����2�����0'+���[�S���������8��*0'	�� X���0'+���[�� � � A����� �E  ����� � �����2���

.��'&�4����'"� ���'4������'�,���(0! �4������*������� �  ��'&,��� 
*�'��D��2���5�������� ,�����2 ,���
����8*0�>28*0:.�>�>28��*0'+���
���� X50'
�8�����P�T�P � � A����� �E  ����� � �����2�������8*0�>28*0 M���	�>�.�0'
,0'��� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2�������8*0�>28*0:.�>2M���8*0'��+�.���� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2���

>2����4������*������� �  ��'&,��� 
*�'��D��2���5�������� ,�����2 ,���
+�>28�/���	3���2����
,0�>�+�� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2�����
���
,0�>�+5.�>�>28��*0'+���
���� X:
�����
�+��	� � � +�> I ������,����)$#@A����� �E C����� � �����2���M���	�>�.�0'
,0'��� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2�����0'+���[ X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2���
�8�>���>�����S���8��F.�>28�8���.�
,0�>�+�� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2���
�8�>���>���� ��0'+���[F>2��
�����
 X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2�������8�
�S38�>�
���
,0�>�+3����8���/���
���8�� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2���0'��8��:��>28�/���
3��8��5>2��
�����
 X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2���0'+���M�� ��>�	��N��	�>�
��*0'	�� X:+�> � � +�> I ������,����)$#@A����� �E C����� � �����2�����8�>�1�8���/J>2��
�����
��*0'	�� X:
�����
�+��	� � � A����� �E C����� � �����2���

�����,�����2�����3�*������+��'&,��� �'�! ,���2��),�! �"F�������� ,�����2 ,���
��8�8�>283/���������1����*0'	�� X:+�> � � +�> %� �����2�����,����)����.�8���
�.�S3�*0'	�� X:������+�����6�� ��.�8 �

The a priori coordinate file is mandatory. All station coordinates are transformed to these new a pri-
ori values at the very beginning of the ADDNEQ2 run. If the coordinate parameters are constrained,
these new a priori values are used. The same is true for the station velocities. However, if you omit
the velocity file, zero velocity will be assume per default.
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G�� ��� = ��- ������+�����6$%����	���.�
,0�>�+F>2�3+����50'+�����
��*0'	����

+���&�A����F����4������'&,���������F�! J���!&�A*�! ���)3+����:�*�����)������  ����3����������)FX3-2����� � � L ��� # -2����� #%6������ #%=������ �
0! �4����3+����2&,����� �������,���2 3�*������� X:
�����
 �
>���A*�'�����������'&,�� ���� X �

ADDNEQ2 allocates the memory dynamically, there are no fixed dimensions in the Fortran 90
code. However, it would be difficult for the program to figure out the necessary dimension of the
resulting combined normal equation system (it would be necessary to go through all normal equation
input files). Therefore the program requires the maximal number of parameters in the resulting
normal equation system as an input parameter in Panel 4.8.3–1 . Specifying the value greater than
necessary does not do any harm (assuming, of course, that your machine has enough memory).

In the second editable field of the Panel 4.8.3–1 the input normal equation files have to be spec-
ified. These files may stem from the previous runs of the ADDNEQ2 or from the GPSEST run.
The program GPSEST stores the normal equations automatically in both, old ( � � ����� ), and new
( � � � � � ) formats. There is a program NEQ2NQ0 that transforms the old normal equation format
into the new format. This program is, however, not accessible via the menu system.

In the third editable field of the Panel 4.8.3–1 the user has the opportunity to specify the output
files containing the orbital elements (the result of the orbit estimation). If normal equation files of
different days are combined (e.g. to compute long arcs), a different orbital element file has to be
saved for each day. In this case, the wildcard characters (either % or ?) have to be used in the orbital
elements file name. The logic is the same here as in the program ADDNEQ — see Chapter 18.

The names of standard orbit files and the radiation pressure files (that are required for orbit deter-
mination) are stored in the normal equation files. For user’s convenience the file names are listed in
the scratch panel that follows the panel Panel 4.8.3–1 .

+���� �'�,����� ��
�� �'�,����� 8���8 �'�,����� ��	����'�,�����
X:��9�6�T�P�-2P L � X � X � X �

Remember that the normal equation files, standard orbit files, and the radiation pressure files are
input files. Orbital element files are output files.

G�� ��� = �26 ������+�����6$ ����8���/���
���838����2������
��$

0! �4����3+���&�A����F���J0! �������K������������������'D3�������'&,�������5
���4��
�������N���'&,���! ,�����3�'�J��� �'�! (�! �4����3+���� �'�,����� �"������������3��D��� F������� � 4*�2����� � 
*����� �3���! ������F��� � 4*�2����� � 
*����� �3���2 ,�2���� ��5���� ,�2�,���2 

�������,���2 F.�������),�! ��������3X����
����24����'4�D����,�����������	� X����
���'�������3.�������),�! ������ X�������'�������3.�������),�! ������ X������
,-��!��
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����2&J��4,� X����+��������,���2 5
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In the Panel 4.8.3–2 the modeling of time-dependent parameters is handled. Specifying a value
� 
 �

means that the entire time interval covered by the parameter type will be divided into �
subintervals. In each of these subintervals, the parameter will be modeled by a piece-wise constant
(in case of tropospheric delay) or piece-wise linear function. For piece-wise linear functions the
continuity at subinterval borders will be demanded (we think this is a reasonable behavior, however
the experts may change it in � -file).

G�� ��� = �2= ������+�����6$ ����8���/���
���85��8����'��	,0!/*0'+���
,0�>�+

�������@)��  �����4���� �2�����<& �! ������- �����N4���� �2�����<& �! �������A����������F�2�����'E*�! �"6������N4���� �2�����<& �! ������5���������J�2�����'E*�! �"=������ � �����24�� �2 ������ �,�'���2�5�� �)���D*�'��)3�,�����F�! 5= �')��	���3�����2���,���2 
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����24����'4�D����,���:�������	� X:�	� �<� # -O# 6 # = �
���'�������3.�������),�! ������ X:�	� �<� # -O# 6 ����'�������3.�������),�! ������ X:�	� �<� # -O# 6 ���
,-��!��
�. X:�	� �<� # -O# 6 �+��������,���2 5
����2&J��4,� X:�	� �<� # -O# 6 �+��������,���2 5
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The Panel 4.8.3–3 defines which parameters will be pre-eliminated and when (see Section 18.2.2).
Again, it is possible to refine the selection much more in the � -file.

G�� ��� = �'G�� ������+�����6$%.�>�+���
�8��,0'+,0'+�1J>2�3����8���/���
���8��

��
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����$ �2�����,���2 (���������2�,���2 
X � �*0!8���
 � � A����� �EB# ��	�	$# +�>�+��$#%������.�0'��	 �*0'	��$# � �*0!8���
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)������������(���'"2&,�$ X���� ������- � ���������2�,���2 F�,�����$ X30'1�����0'1 �
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The Panel 4.8.3–4A and the Panel 4.8.3–4B are almost identical. The first one handles the con-
straining of station coordinates, the second handles the constraining of station velocities. The default
sigma is applied for all selected stations or for stations listed in the selection file without station-
specific sigma values. The selection file is used, if � 
 	��������� � � ����� � is specified in the first editable
field. Remember that only selected stations contribute to the free network condition (i.e., you have
to select the stations for free network condition either directly or using the selection file). Currently
the free network condition is implemented as a minimal constraint (3 rotations). You can change
this behavior easily in subroutine � ����� ��� � .
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In the Panel 4.8.3–4C the user defines the constraints for the remaining parameter types. The
sigmas should be given in the following units:

1 m : major axis, tropospheric delay, satellite antenna offsets, center of mass,

1 " : inclination, ascending node, perigee, argument of latitude,
�

m.s
� � : dynamical and stochastic parameters,

0.001 " : Earth orientation parameters with exception of UT,

0.001 s : UT.
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19. Stacking of Normal Equations Using the New ADDNEQ2 Program

Several more options have to be set in Panel 4.8.3–5 . These options are similar to those of the
old program ADDNEQ. We refer to Chapter 18 for their description. If the reference epoch for the
(output) coordinates is left blank, the program will use the middle of the time interval covered by
observations. The reference epoch is important only if the station velocities are computed — the
coordinates stored in the coordinate output file will be computed for this epoch.

An example of the output of the ADDNEQ2 run is given in the Figure 19.9. The input and output
files are listed at the top of the log file followed by the most important statistical informations (a
posteriori rms error, number of parameters etc.). In the remaining part of the log file the estimates
of various parameter types are given. In the Figure 19.9 only station coordinates and troposphere
parameters are present. In case of station coordinates, there are the a priori values, resulting values
and the corresponding rms errors in both, Cartesian and ellipsoidal coordinate systems. In case
of troposphere parameters the station name, the direction (“ � ” stands for “up”), time interval, the
estimated value, and the rms error are given. Remember that no information can be extracted from
this output file using the GPSXTR program.
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19.3 Input Options of the Program ADDNEQ2
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Figure 19.9: Output of the program ADDNEQ2.

Bernese GPS Software Version 4.2 Page 317



19. Stacking of Normal Equations Using the New ADDNEQ2 Program

Page 318 AIUB



20. Data Simulation and
Variance-Covariance Studies

20.1 Principles of Data Simulation

The simulation part of the Bernese GPS Software includes the program GPSSIM. GPSSIM may
be used to generate simulated observations which may then be processed by standard processing
programs of the Bernese GPS Software. The capability of GPSSIM is limited to the generation
of GPS data and this is why GPSSIM does not allow to generate synthetic GLONASS, or even
“mixed” data.

You cannot start this program using the menu system. It is necessary to prepare (using an ASCII edi-
tor) the input files ( ��	�
�
�� � � � ����	 � ��	�
�
�� ����� ����	 � ��	�
�
�� ��� � ����	 ) and start the program manually
– see Chapter 3. You will find the examples for the input files in the directory 
 �	����� 
 . According
to the input specifications (see below) the following output files may be generated:

� code observations – code zero-difference (header and observation) files in the Bernese format
(binary),

� phase observations – phase zero-difference (header and observation) files in the Bernese for-
mat (binary), and

� meteo files (in Bernese ASCII format – see Chapter 24).

In one program run, observations for one session are generated. With several program runs you may
generate an entire simulated campaign.

The following input files define the scope for your observation scenario:

� the standard orbit file ( � � 
���� ) is used to compute satellite positions,
� the broadcast orbit file ( � � ����� ) is used only to apply satellite clock corrections, and
� the coordinate file ( � �� ��� ) gives the station positions.

The broadcast orbit file and the standard orbit file should cover (roughly) the same time interval.
Observations may be generated only in the time span covered by the standard orbit file, and only for
stations in the coordinate file.
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20. Data Simulation and Variance-Covariance Studies

GPSSIM may be used for two different purposes:

Pre-Analysis: Given the satellite scenario, the network and the statistical a priori information, and
the systematic errors, you may study the expected quality of the results depending on the
processing strategy and options used (e.g., ambiguities free or fixed).

Research-Oriented Analyses: Questions concerning

- cycle slip repair (introduce gaps, etc.),
- ambiguity resolution strategies for long baselines,
- orbit determination,
- etc.

may be studied.

If the program system is used for pre-analysis studies, the user will not be interested to go through
the preprocessing part. Therefore, the simulation program writes the true receiver clock information
into the observation files and it includes the correct ambiguity parameters into the phase files. This
information is preserved by program SNGDIF, the only program that has to be used before pro-
gram GPSEST, if simulated data are processed by the Bernese GPS Software Version 4.2. It is then
possible to make at once tests with the “ambiguity-fixed” mode of program GPSEST (assuming
that you were able to resolve the ambiguities). By ignoring the ambiguity information in the files,
GPSEST also allows you to make tests with the ambiguity-free mode. If you solve, e.g., for ambi-
guity parameters and store them in the single-difference file headers, you know the true answer (all
ambiguities should be zero). Because GPSEST internally works with double differences, identical
ambiguity values for all ambiguities of an ambiguity cluster (see Chapter 15) is a correct answer,
too. Of course you may use all programs of the Bernese GPS Software with simulated observations.
Some analysts may want, e.g., to remove cycle slips introduced by the simulation program with
program MAUPRP. You may also be interested in studying the effect of using lower polynomial
degrees in program CODSPP than in program GPSSIM, etc.

It is very easy to use the program GPSSIM for the present and past GPS satellite configuration. You
simply start the simulation with a broadcast file corresponding to the time interval of interest. It is
a good idea, but not mandatory, to use a broadcast file which was recorded at the same time of the
year your new campaign will take place (the daily observation session will then take place at about
the same time of the day). Then, by using programs BRDTAB and ORBGEN, you generate your
standard orbit file. The next step consists of defining a ground truth by generating a coordinate file
containing all stations of the campaign (not only of one session).

20.2 Models Used for Data Simulation

20.2.1 Stochastic Properties

In the � -file ( ��	�
�
�� � � � ����	 – see below), you may specify the following rms errors:

- rms for code observations (separately for
� � and

� � ),
- rms for phase observations (separately for

� � and
� � ),

- rms errors for meteorological conditions (pressure, temperature, and humidity).
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20.2 Models Used for Data Simulation

Each simulated measurement will contain a normally distributed random error with the rms spec-
ified in the input file for the measurement type considered. This is true for phase, code and meteo
measurements. The phase and code measurements generated will not contain any meteo errors (we
assume that “natura (resp. troposphere) non facit saltas”). In addition to these random errors, you
may assign systematic errors to the troposphere measurements by specifying maximum biases for
temperature, pressure and humidity measurements. The program then generates constant biases for
the session but different for each station using a random number generator: it assigns to each station
and to each measurement type a bias which is a random number uniformly distributed in the interval

� 
� 3 � ��������2 � ����� ���

where � ����� is the maximum bias you specified in the input file for the measurement type con-
sidered. There is one more stochastic quantity, the random part of the free electron content of the
ionosphere, which has to be mentioned. Since this is closely related to the discussion of the iono-
sphere model used, we will deal with this effect in the next section.

The random numbers are generated with the subroutines

– NORMAL generating a normally distributed random number
(given its mean and variance),

– RANDU generating a uniformly distributed random number in the interval
� � � � � .

NORMAL calls RANDU several times. RANDU updates a positive ����������� � � � random variable
which has to be initialized. It would have been possible to initialize this number in a “random
way” (using, e.g., the last digits of the system clock reading), but it seemed advisable to have this
initialization under control by initializing this random number in the input file. We suggest that
you use positive four-digit integers for initialization. If you re-run the program with the same input
specifications and the same initial random number, the same random errors will occur.

20.2.2 Deterministic Models

Satellite Orbits, Clocks, Coordinates

We mentioned already that the satellite positions are computed using a standard orbit, the satellite
clocks using a broadcast file, the station coordinates using the file with station coordinates. There-
fore, the model for satellite orbits is the complex force model underlying program ORBGEN, the
model for satellite clocks is purely deterministic (polynomial of degree 2 defined in the message).
Moreover the user has to define the receiver clock behavior (by a polynomial) in a file of the follow-
ing kind:

8���.��,0!M���8F.�	�>�.�����������>�		��+�>2/*0'��	��F>2������1�8����3+���-��>�		��+�>2/*0'��	F.�>������*02.�0'��+�
�� 0'+�����. #%����.��2���	�B#%����.��2���	�
�
�6 #��������
���
,0�>�+ + ��� �,- ��6 ��= ��G � L
��0!/�/���8�����	�� P ����� ��-2P���-2Q �2��� ������-26�=������ ������6�6�6 ����� ����6������ �2��� ��-26�=�G L ����� ����� L�L�L.�S���������8���	 P �2��� ����=�����6������ ����-26�=�G��2��� ����������������� ��-�������� �2��� ��=�G L�L P ����� ��6�=�G�Q�P1���+���8�>���> P ����� ��6�������� �2��� ��-2������������� ��-2������� ����� ��� L ��G L �2��� ������=�G L �����<-26�=�G L P
,0'
�	,02� P �2��� ��-2=������������ ��6�������� �2��� ����-�6�=�G ����� ���,-2����� �2��� ����P������ ����� L ���������
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20. Data Simulation and Variance-Covariance Studies

If you are not interested in receiver clocks, just state N=0 for each station.

Troposphere

Tropospheric refraction may be neglected or it may be modeled by the

- Saastamoinen Model,

- Hopfield model (2 versions).

These models ask for (ground) meteo values for each station. These values are generated using the
reference height and the temperature, pressure, and humidity at this reference height, as specified
in the constant file. This allows you, e.g., to simulate data with a standard atmosphere different
from that used by program GPSEST by using different constant files in programs GPSSIM and
GPSEST.

Ionosphere

The “ionosphere truth” (deterministic part) is defined by the subroutine IONOS. The model under-
lying is the single layer model for the electron content (height of the layer=350 km). The number of
electrons in the layer E is a function of local time only:

� � � ?  � � 2 $

� 

�� � � ) for � � � ? � � ) �
� � � � �

� )�2 � � 5	798
� � � � ? 3 � +

� ) ; � for � � � ? � � � � � ) � � �
where : � ) is the night time electron content,

� � is the day time variation of the ionosphere.

� )�� � � are input parameters of program GPSSIM. No azimuth dependence is modeled here. In
addition to this regular part an irregular part may be superposed: at epoch ! the following term is
added

� � �  � � � � 5	798�� 2 � � � 8A@CB � 
 � �<) ���
where: � � � is the random part of the electron content in the atmosphere,

�
is the distance in km between the station considered and the
ionosphere reference station (specified in the input file),

� is the azimuth of the station considered from the ionosphere
reference station,

� � � � �  � � ) is the result of the following random walk:

� � �  � � var � � ��� � � � 3 � � � 
  � � � var � � � � �
where

� � is the time between observations !#�"!>2 �
in minutes,

var � � � � is the variance of the difference of the electron con-
tents at time - and -�2 �

minute. var � � � � is an input variable
of program GPSSIM.
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This model certainly is a crude simplification for the random behavior of the true ionosphere. It
shares, however, important aspects with the real situation: (1) the irregular contribution increases
linearly with the baseline length, for distances 
 ) ��� km this distance dependence “stops”, (2)
baselines which are close to each other geometrically will show similar random contributions. The
strength of the irregular contribution may be tuned by an input parameter.

Cycle Slips

If you like preprocessing and its secrets, you may introduce cycle slips in the simulation program.
It is then really hard to tell whether you are looking at real or at simulated observations . . .

20.3 Essential Input Files

Let us briefly present the basic input files for GPSSIM, and add some comments to the input options.

Option Input File ( � -File):

- Campaign name and title line will show up in the output files. This helps to identify simulated
files.

- Program SNGDIF will assume simulated data, if the receiver type starts with “ 
�� ����� � ”.
Therefore the string “ 
�� ����� � ” is essential in the input part “ ���� � � � � � � ��	�� ”.

- In the troposphere model, you may wish to assume identical biases for all station, you may
even consider to skip the random number generator for the bias part by using the maximum
biases. The troposphere biases actually applied are given in the program output.

- In the scenario input section, you may specify a minimum elevation and the data sampling
rate. For pre-analysis purposes we often use a very low rate (4 to 6 minutes) in order to save
disk space. For other applications (e.g., investigations concerning minimum session lengths
which allow you to resolve ambiguities) you may use short session lengths and high data rates
(e.g., 3 sec).

- In the input section “cycle slips”, you may specify how many cycle slips you wish to intro-
duce into each file of the session. The program assumes that a slip may occur with the same
probability at each epoch and for each satellite and that its size is uniformly distributed in the
interval

� 
� 3 � � ! � ��������2 � � ! � ����� � .

- You may wish to apply identical slips in
� � and

� � . These are particularly hard to discover.
It might be of interest to look at the quality of results if, let us say, � slips of size 1 remain
undiscovered in the data for �  � � )�� � � � .
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Session Definition File ( � -File):

The file is truncated to the right: the definition of phase header and observation files is missing. The
file defines code/phase header/obs file names (external) and meteo file names. It also relates the file
to the station (name) with the additional information at the bottom of the file.
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20. Data Simulation and Variance-Covariance Studies

- The information on which types of observations should be created is located in the receiver
file (see Chapter 24).

- If at least one of the meteo error parameters (rms or max. bias) is different from zero, the
program will produce meteo measurement files. The names of these files have to be defined
in the � -file above.
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21. Services

In this chapter the options of Menu 5 , as described below, will be discussed. The topics “POLE”
and “COORDINATES” are described in Chapters 14 and 11, respectively, and will therefore not be
discussed here.

L ����8�M*02.����$C>���
,0�>�+�/���+��

- >�9�����8�M���
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21.1 Observations and File Headers

Since Menu 5.1 is frequently used, one may also invoke it by typing “ ����
 ” after the prompt “Enter
Selection”. This panel is used to manipulate the code and phase zero and single difference observa-
tion files. The menu program used here is called SERVOBS.
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In the upper half of this panel the options are listed with a short description.
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21. Services

The create (“  ”) or add (“ � ”) options are used to either create a new observation file list from
scratch or to update an existing list file list. Usually, the observation file list will always be up-to-
date because the two programs generating observation files, RXOBV3 and SNGDIF, update the
observation file list automatically. However, if files are copied or deleted manually, the observation
file list is not updated, which is why these two options exist. One should keep in mind that the list
of files shown when selecting an option is based on the observation file list files and not on the
actually available observation files. Individual observation file lists exist for the four different cate-
gories of observation files: zero-difference phase, zero-difference code, single-difference phase, and
single-difference code. The observation file lists are discussed in Chapter 24. Apart from creating
or updating observation file lists, we may browse (“ � ”) or edit (“ � ”) the observation files. Browsing
a file does not allow to alter the file, while editing does. Editing an observation file is only rarely
necessary.

Occasionally, one might want to change some information in the file header if it contains erroneous
information. For that purpose the “ � ” option should be used since it is much quicker only to edit the
header and not the entire file. Manually editing the observation file should be done cautiously. One
should, e.g., not remove any satellites from the header file, nor change the number of satellites and
the number of frequencies. Also, do not change the ambiguity cluster information. One may change
observation flags and remove observation epochs.

Program CHGHED, Menu 5.2 , allows to change the file header automatically. This is useful if
numerous header files have to be changed. Erroneous information may be stored in the file header
if the RINEX files contained wrong information, or if the information in the translation tables used
with RXOBV3 were in error. The “old values” in the input area of the program CHGHED must
be exactly identical with the entries in the observation file headers. Otherwise no change will be
done. Therefore, after running program CHGHED be sure to check the output of the program for
the changes performed in the observation header files.

The graphics option (“ � ”) produces similar results as program RNXGRA: it produces a pseudo-
graphic of each selected observation file. These pseudo-graphics may be generated for both, zero
and single difference files. Another option is to split up the observation files into two parts (“

�
”).

This is useful if you have data from a campaign with different start and end times. It will also
be useful if, e.g., the antenna height was changed during the observation time span. However, we
recommend to split up data files on the RINEX level rather than after the conversion to the Bernese
format. Programs CCRINEXN and CCRINEXO are available for this purpose, see Chapter 7.

The mark option (“ � ”) is used to mark data in the observation files. This option may be used to
“throw away” bad satellites or to remove bad data points using an “edit file”. The use of an edit
file will be discussed later in this chapter. The format of the edit file is discussed in Chapter 24. If
no “edit file” is specified, a set of satellites and a time interval (as time window or epochs) can be
selected in the panel to mark, delete, or unmark the observations manually.

The delete (“ � ”) option may be used to delete files. The files will be deleted and removed from the
observation file list. In Menu 0.1 you specify whether the deletion should be done with confirma-
tion or not.

The reorder (“ � ”) option may be used to change the file order. By default, we use the session number
as first criterion to order the files followed by the station name and, finally, by the file sequence
number. With the reorder option you may specify a different ordering.

Finally, you exit this menu panel using the “ 
 ” option. You may also use “ 
 ” to exit when you are
in an observation file selection list. Pressing “ � ” when in an observation file selection list will put
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21.2 Residuals

you back to the services panel.

21.2 Residuals

In Menu 5.3 , three different options to work with residual files are available. One may wish to
look at the residuals as numbers printed on screen or written to a file, to screen the residuals for
outliers or to look at the residuals graphically.

L � = 8�����0!������	��$C>���
,0�>�+�/���+��

- 9�8�> ������8�����0!��� I9���� 
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�>�>�	 ��*���'4����	�38������')�������� 
*�'��D51�


The “browse residuals” option allows you to inspect the residual files from either CODSPP,
MAUPRP, or GPSEST using program REDISP. The residuals will either be displayed onto your
computer screen or written into a file. The latter option is useful if you run into problems during
processing. It will help you to identify a station causing problems. However, going through the data
of a large number of stations “manually” is quite cumbersome. Therefore, the residuals may also be
screened automatically with the “check residual” option in Menu 5.3.2 .

The “check residual” option will run program RESRMS. This program screens the residuals for out-
liers. Outliers are observations with residuals exceeding a threshold defined by the user. RESRMS
creates a summary file and a so-called “edit file” (see Chapter 24 for a description of the format of
the edit file). The edit file contains the points identified as outliers in the residual file(s). The file
may be used with the SERVOBS program, Menu 5.1 option “ � ”, to remove these points from the
actual observation files.

The “graphic tool”, GT, is currently only available on some UNIX systems, and on the VAX/VMS
platform. It has been developed by UNAVCO and is freely available. For more information you
may inspect the URL ������� �	��������� �	������� �����	� �������	� ��� �
�� � ������������� ��
������ � � ��� ����� �������	����� � or
contact Chris Rocken at UNAVCO (e-mail ����� �����#&�� �������	� ��� ). The graphic tool will give a (X-
Windows) plot of the residuals and allows manual deletion of points, correction of cycle slips,
and the setting up of new ambiguity parameters. These manual editing requests are also handled by
means of an “edit file” and have to be applied to the observation files using the program SERVOBS.

21.3 Extractions

There are several extraction programs capable of summarizing the output files of the most im-
portant/critical programs of the Bernese GPS Software. They are very useful for automated pro-
cesses (BPE), because they will summarize the relevant information and allow the user to verify
easily whether the processing was successful or not. Extraction programs are available for programs
CODSPP, ORBGEN, MAUPRP, GPSEST, and ADDNEQ. It does not work with the program
ADDNEQ2 in the Version 4.2 of the Bernese GPS Software.

Bernese GPS Software Version 4.2 Page 329



21. Services

L � P ��[�
�8���.�
,0�>�+��

- .�>2�������F>2��
�����
 @.�>2�������F�2����4����F�'��&�&,����� �<.�>2��[�
�8 �6 ��������
��J>2��
�����
 I��������
��J�2����4����F�'��&�&,����� � ������[�
�8��2������[�
����= /�������8��F>2��
�����
 I/�������8��F�2����4����F�'��&�&,����� � /���8�[�
�8 �L 1���������
���������+����F>2��
B@1��� ��������5�'��&�&,�������!����K��������������2&,������� � 1�����[�
�8 �Q >28�9,0'
 ���,0'1�S�
�� @.�D��� �"��3�����'������� �J����)����5�! �4������������F����A�� � ��8��	���,0��

CODXTR

CODXTR, the extraction program for program CODSPP, produces a summary of all CODSPP
output in the following form:
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The summary file will contain at least two lines, namely the last two lines in the above example.
These lines of the summary give the number of code files that were processed, the maximum rms,
and the station for which this maximum occurred. The rms value should be around 25 meters, under
SA conditions. Values up to 300 meters are still acceptable, although they deserve special attention.
The rms value is of the order of about 5 m since SA was switched off in May 2000. In the second
line, the maximum percentage of bad observations in a code zero-difference file is given together
with the name of the station for which this occurred.

Furthermore, it shows one line for each station–satellite combination where more than 50 points
are considered outliers. This is the case in the above example. The first two numbers on these
“outlier” lines are not important, they reflect some internal CODSPP numbering. Following these
two numbers is the station name, the outlier identification, and the satellite PRN number. The outlier
identification will usually be “ ����� ”. The line is ended with the start and end epochs of the outlier
interval and the number of observations in this interval.
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If a specific station shows up often, something is probably wrong with its data. If a certain satellite
shows up frequently, there is something wrong with the satellite. In the above example, satellite
19 was marked for many sites. As the marked time intervals are during the day (UT) and not only
towards the end of the day, the outliers are not caused by a maneuver. In fact, on this particular day
satellite 19 was scheduled for maintenance. Usually the satellite clock is reset in such cases. The
outlier detection of CODSPP handles such problems and no action is required by the user.

DEFXTR and DEFXTP

For program ORBGEN the extraction programs DEFXTR and DEFXTP may be used. We rec-
ommend to use only the latter of the two. The difference between the programs has to be seen in
number and the format of the output files generated. We discuss only the program DEFXTP and the
two output files associated with it, the normal summary and the weekly summary.

>28�9�1���+�� 	�T�Q � �������� 6 L # � �������!4,���! �" T #I/������I8�&O� �� ��� =��������F�������� -2�
� ��> �  6�-2T � �������!4,� � �������� =ZQ -2� -'G -2PH6�-�6�=H6��H=�-/*�! (�! 3�������!4,�  6�G?6�= -�-R6��H=��H6��H=�� -2=H6�68�&O�  =�Q -2=H=�� -'G?=�-H-�-H-�-H-�- T

The normal summary contains 4 lines. The first line contains the output file name, the number of
satellites, the number of eclipsing satellites, the maximum rms of the fit, and the satellite associated
with this rms. The second line gives the (middle) day of year for the arc and a list of the PRN
numbers for the eclipsing satellites. The third line gives the time interval (minutes) of the eclipse,
the last line gives the rms (in cm) of the fit for the eclipsing satellites. Usually, the rms of eclipsing
satellites is larger than the rms of non-eclipsing satellites.

6�-2THP7G�6�Q��HG?=RG?QH=�=�-26 L P L 6�- GHGJ-�-�PRG3= L G?Q7G L PH= L

The weekly summary produces just one line per ORBGEN output and contains the (middle) day of
the year for the arc and the rms for all satellites. The satellite numbers are not printed but they are
listed in numerical order. This output, if always appended to one file to give a long time series, is
useful for generating plots.

MPRXTR

The extraction program MPRXTR, for program MAUPRP, produces a summary of the following
type:
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The summary file contains one line per baseline processed. The line starts with the session, a file
sequence number and the “ � � ” flag. If the baseline was not successfully cleaned the flag will be
different from “ � � ” and the baseline should be removed. The extraction program will also (try) to
identify which of the two stations of the baseline was causing the problems. Apart from the summary
file, MPRXTR may also create a deletion list file, see Chapter 24, and a new baseline definition file.
The “bad” single difference file(s) and, optionally, the bad zero-difference file(s) will be listed in the
deletion list file. This file may then be used by program DELFIL, Panel 5.8 , to delete these files. If
a zero-difference file was removed a new baseline should be created to make sure that the network
is complete. MPRXTR defines a new baseline which is listed in the baseline definition file. This
file in turn may then be used by program SNGDIF, Panel 4.3 , to actually create the new baseline.
Make sure that you do not forget to run MAUPRP for the newly created baseline. Note that the
deletion list file and the new baseline definition file are mainly intended to be used in an automated
processing.

The next items in the line, after the � � flag, are the first 4 characters of the station names and
the length of the baseline. Thereafter some information concerning the triple-difference solution is
given: the number of observations, rms, baseline change in the Cartesian X, Y, and Z components.
The next three fields contain the number of corrected cycle slips, the number of deleted points, and
the number of multiple ambiguities. Finally, the maximum residual for the ionosphere-free linear
combination is given followed by the smallest corrected cycle slip.

The last line of the summary gives the number of files, the mean baseline length of all baselines,
the mean number of observations, the mean triple-difference rms, the mean number of corrected
cycle slips, the mean number of deleted points, and the mean number of multiple ambiguities. See
Chapter 10 for more information about the program MAUPRP.

GPSXTR

Program GPSXTR consists of four different extraction routines for specific purposes. First, there
is the “general” extraction which works for both programs GPSEST and ADDNEQ. The other
three extraction routines access GPSEST output files only. One is a coordinate summary based on
a baseline-wise processing (one baseline per run). The second creates statistics for the baseline-wise
“QIF” ambiguity resolution runs, and the third generates statistics for ionosphere estimation runs.

Included below is an example for the “general” extraction output.
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The first line contains the output file name, the rms (mm) of the solution, the number of single
difference files, the number of observations used, and the number of estimated parameters. The
second line should first contain the day of year, but this is not always correct as can be seen in the
above example. If orbit estimation was performed, the maximum change in the semi-major axis (“a”)
and the corresponding satellite are listed as well. The last four lines summarize the ERP estimates
if ERPs were estimated and no separate pole output file was generated.

Apart from this summary, two one line summaries (“campaign format” and “weekly summary”)
may be generated containing the same information in a different format. These one line summary
files are very convenient to generate plots. Furthermore, a pole output summary, if pole estimation
was performed, may be generated.

At CODE, we usually check the processing quality by processing all baselines one by one with
GPSEST. In this case GPSXTR should be used to generate a coordinate summary of the following
type:
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For each run of program GPSEST, this file contains the name of the single difference file, the
number of observations, the number of ambiguities, the a posteriori rms, the length of the baseline,
the height difference between the two points and the change of the baseline coordinates in height,
north, east, and length with respect to the a priori coordinates together with their associated formal
uncertainties.

When using the “QIF” strategy (baseline by baseline) to resolve the ambiguities one may generate
a special output summary and, in addition, a file which lists the fractional parts of all the resolved
ambiguities.
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For each run of program GPSEST, this summary contains the name of the single difference file, the
length of the baseline, the number of ambiguities (L1 and L2) before resolving any ambiguity and
the rms before resolving any ambiguity, the maximum fractional part and the rms for all resolved
ambiguity fractional parts for both, the L5 and L3 linear combination, the number of unresolved
ambiguities, the rms after ambiguity resolution. The percentage of resolved ambiguities concludes
the line.

In the last line of the summary the number of baselines used, the mean length of the baselines, the
total number of ambiguities before resolving, the mean rms before resolving, the maximal fractional
part and rms of all ambiguities and all baselines for both, the L5 and L3 linear combination, the total
number of ambiguities after resolution, the mean rms after resolution and the percentage of fixed
ambiguities.

If program GPSEST was used to estimate an ionosphere model a separate ionosphere summary
output can be generated.

21.4 Conversions

The observation files in the Bernese format are binary files and as such, they cannot be looked
at directly and cannot be transferred between different operating systems (e.g., VMS to UNIX).
Therefore, two conversion programs are made available: OBSFMT, to convert binary observation
files to ASCII and the second, FMTOBS, to convert the ASCII observation files back to binary.
These programs are also used when editing or browsing files in Panel 5.1

Similar conversion programs exist for the so-called standard orbit files, Chapter 24. These are mainly
used to transfer standard orbits to a different operating system. There is not much sense in editing
standard orbit files.

21.5 Delete Files

The program DELFIL, Menu 5.8 , is used to delete files stored in the campaign directories. This
option was implemented for the BPE, but may also be used manually. A so-called deletion file, see
Chapter 24, may be specified containing names of files to be deleted (including the use of wildcards
and “ � ” variables). You may also specify which file types should be deleted and select specific files
of this type from a selection list.
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22.1 Introduction

In the last few years more and more permanent networks have been established in many different
regions of the world. The amount of data collected by such networks day by day calls for a highly
automated GPS data processing. Large campaigns are organized with a few tens to a few hundreds
of occupied sites. For this type of tasks the Bernese Processing Engine (BPE) has been developed
allowing a very automated GPS data processing. It is used at the CODE Analysis Center of the IGS
for the routine processing of the global IGS network since 1995. The BPE was also implemented at
GSI (Geographical Survey Institute) in Japan to process the nation-wide Japanese network consist-
ing of 1’200 receivers on a daily basis.

Is there a CPU to run on ?

Can a script be run ?

Start

Are all scripts done ?

Sleep

Finish

Run the script

Find a temp directory

yes no yes no

noyes

Figure 22.1: Process Control Script flow chart.
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The BPE is a system of programs, shell scripts, and control files designed to run and control Bernese
GPS programs in an automated fashion. At the heart of the BPE is the Process Control Script (PCS).
This script is responsible for starting and monitoring all the processes that are run by the BPE. The
PCS can be given a list of various tasks to perform along with information about the interdependency
of these tasks, such as which tasks need to wait for other tasks to finish. The PCS will then start
executing each task that is ready to run. If a task cannot be run because it has to wait for another
one to finish, the PCS will wait for the dependent tasks to finish. The PCS is also able to run more
than one task at a time on several different CPUs, and can even divide a single task across different
CPUs. A flow chart of what the PCS does is given in Figure 22.1.

The BPE provides a sturdy framework for writing shell scripts that can use the many different
programs available in the Bernese GPS Software. It takes care of setting up environment variables,
creating temporary work directories, error handling, logging, and interaction with the Bernese menu
system. The actual body of a script that is run by the BPE can be very simple, such as calling one
Bernese program, or quite complicated.

22.2 Getting Started

22.2.1 LOADGPS

As with the Bernese menu system, the BPE is started with the LOADGPS script. There are, however,
some additional requirements on the LOADGPS script in order for the BPE to function correctly as
listed below.

UNIX Version:
� The 
 ������� variable in LOADGPS must be set to a Bourne ( 
�� ) compatible shell. Shells such

as the Bourne-Again shell ( ��
�� ) can be used as long as they can interpret all standard 
��
commands.

� The LOADGPS script must have execute permissions on all hosts that are to be used by the
BPE. The BPE executes scripts by issuing a remote shell command to start the LOADGPS
script. The location of the LOADGPS script will be taken from the content of the variable
$LOADGPS as defined on the system where the BPE is running. This means that the location
of the LOADGPS script must be identical (or must be made identical by links) on all hosts.

VMS Version:
� The call of the command file ����������	�
 has to be included in the user’s ��� � ���������� (located in

the user’s home directory) to make sure all symbols and logicals are correctly set.

22.2.2 LOADGPS Command Line Arguments

UNIX Version:

Usually, the LOADGPS script is run without command line arguments. On UNIX systems, the user
may want to specify a command line argument in two cases: first, if one of the directory variables
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in the LOADGPS script has been changed, second, if the user wants to run a script automatically
after the LOADGPS script starts. The second option is useful if the BPE should start automatically
on some sort of schedule. The two options available are shown below. Only one of the options may
be specified at a time.

��� 
 � This option will cause the LOADGPS script to re-set all directory links in the
user directory structure to the values specified in the LOADGPS script. This op-
tion should not be used if the user is currently running the BPE because programs
and scripts using links that are re-set by this option may crash.

THIS MUST BE DONE AFTER DIRECTORY VARIABLES ARE
CHANGED IN LOADGPS!

� ��� � 
  � ��	 � � If this option is used, then LOADGPS will run the script named by the next
argument. The script must be in the user’s work area ( ������
 ���� ).

Example: ����������	�
 � ��� � 
  � ��	 � 
�������� � 	� �
The above example will run the script 
�������� � 	� � in the ������
 ���� area after the
LOADGPS script has finished.

VMS and DOS Version:

The command file ����������	�
 is always run without command line arguments.

22.2.3 Getting Around

Once the LOADGPS script has been run, the user can use the directory variables that are defined in
the script to navigate quickly through the directory trees. For example, to get to the work area, you
can simply type:

��� � � � � � ������
������ � � ��� �� ��� ������
 ���� (UNIX)

� 
���� � � � ������� ������
 ������ (VMS)

In the next sections we will not always include both the UNIX and the VMS directory
and file names. VMS users should, e.g., replace ������
 ���� with ������
 ������ , � 	��  � ��	��������
with 	 ���  � ��	 � ������� , ��� ��� ����� � � ��	 with � ��� � ����� � � ��	�� , etc. DOS users will use ���	� 
 ���� ,
	 �	�� � ��	�� ����� , and � �	��� ����� � � ��	 , accordingly.

The most important directories to know about are listed below:

������
 ���� This is the user’s main work area. This is where the Bernese menu system will
write temporary files when the menu system is run interactively. Also, this is the
directory where scripts that start up the BPE are normally kept. This directory is
usually the starting point for all BPE and Bernese runs.
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� 	��  � ��	 This directory is the top of a directory tree that contains all campaign-specific data
of the campaign named  � ��	 . This includes raw and processed data, orbit data, and
station information. The 	 variable (logical on VMS) is used here as an example, it
could be any valid campaign variable set in the ����������	�
 script.

� 	��  � ��	�������� One of the directories under the campaign directory tree is the ����� directory which
holds all the output from Bernese and BPE programs.

��� ��� ����� � � ��	 The BPE creates a number of temporary files in this directory. It also stores log
files (e.g., from remote shells) in this directory.

��� ��� ����� � � ��� Under the � directory tree, there are a number of temporary directory structures
that are created to run BPE scripts in. The names of these directories are � �������������
where ������� is a number. The BPE is able to run more than one script at a time and
there will be at least one of these directories for each script the BPE is running.
If there are no available directories when the BPE needs to run a script, then it
will create a new one with a number one higher than the highest numbered � �����
directory.

22.2.4 The CPU File (PCFCTL.CPU)

The BPE is capable of running on a single host with one CPU, or on several hosts with multiple
CPUs. In order to start jobs, the BPE must know which hosts it can use to run jobs on and how
many jobs it can run on each host. This is all controlled by the file 	� �� ��� �� 	 � which is located in
the ������
 ���� directory. When the BPE is first installed, an example 	� �� ��� �� 	 � file is copied into
������
 ���� . For example:

� �������������3���2 ���������.����(�! ������2&,���,���2 .���� 
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�
�
�
3=���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 ��
�
�
�
�
�
�
�G	
�
�
:G	
�
�
�G	
�
�
:G	
�
�
:G	
�
�

.����*- ����E*����- ������
 G -2��� -2��� 6 �
.���� ��0!� ����E*����6 ������
 G -2��� -2��� 6 �

Before you can start the BPE, you must edit the 	� �� ��� �� 	 � file so that it contains a valid CPU.
Notice that the same CPU may be used twice. The fields of the 	� �� ��� �� 	 � file are:

 	 � ����� This is the ’nickname’ of the CPU that may be used in Process Control Files
(PCF) to reference the CPU. The limit is 8 characters.

��� ��� � ��� ��� ����� This is the name of the host that is to be used in the ��
�� resp. ��� � 
�� command. It
must be a valid host name and can be up to 30 characters long.


 	���� � ����� Valid entries in this columns are “FAST”, “SLOW”, and “” (nothing). These key-
words may be used in the Process Control Files (PCF) to reference a CPU with a
special characteristic. The field width is 8.

�� 	 � ����� The number of CPUs in the host. This value is not used by the BPE at this time
and is reserved for future use. The field width is 4.


 � ����� Reserved for future use, place the value 100 here. The field width is 4.

������� ����� Reserved for future use, place the value 100 here. The field width is 4.
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��� 
 � ����� The maximum number of jobs the BPE is allowed to run on the CPU at a time. If
the host is a single CPU computer, this number should be set to 2 or 3. If the host
is a multi-CPU computer, then this number can be set higher. The field width is 4.

� ����
 ����� This is the number of jobs that the BPE is currently running on the host. This
value is maintained by the BPE and should be set to zero before starting any BPE
jobs. The field width is 4.

The 	� �� ��� �� 	 � file is used by the BPE during run time in order to keep track of the number of
running jobs on each host. This means that the 	� �� ��� �� 	 � should not be edited while the BPE is
running. If the JOBS field in this file is not zero when the BPE is started — this can happen when
a BPE was finished by an error — the number of possible BPE-jobs per CPU will decrease. In the
worst case the number in JOBS is equal to MAXJ when the BPE is started. In this case, the BPE
will not start any jobs at all because the maximum number of running jobs has already been reached
on all hosts. There is a script named  ��� ��� in the directory � 
 � ��
�� that can be used to make sure
the CPU file is cleared before starting the BPE:

��� � � � � � ������
������ � � ��� �� �  ��� ��� (UNIX)

� & 
 ��� ��
����� ��� ��� (VMS)

The clean script should NOT be run if the BPE is running.

22.2.5 System Administration Notes

The BPE can be set up to run on a simple stand alone system or on a complicated network of
computers. In the case of a stand alone system, there are only a few system administration details
that are important:

UNIX Version:
� The user must have permission to execute a remote shell ( ��
�� on most UNIX systems,
��� � 
�� on HP-UNIX). To test if this is possible, the user can type the simple command “ ��
��
���
������ � � �
 ”. If the user gets a response such as “ ������� ��
�
����� � ��� ��� � ”, then he may need
to consult his system administrator to enable remote shell capabilities. A common solution
to this problem is to have a �	�����
���
 file in the user’s home directory that grants himself
permission to execute remote shells. If your system names are, e.g., “ 
�� � � � � ” and “ 
�� � � � � ”
and your login on both machines is “ � � ������
���� ”, then the two entries in the .rhosts file may
look like this:

����E*����- �����2D� ,���2 ����E*����6 �����2D� ,���2 

� All required system environment variables must be set when the remote shell command is
executed. Since the remote shell command is non-interactive, a different set of start up scripts
may be started than when the user logs in with an interactive account. This can be confusing
since a command may work for a user when the test is done in a login shell, but fails when
the BPE issues the command from a script in a remote shell. A common problem is that the
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path to a command will not be found in a remote shell. Depending on what shell is actually
used by the remote shell command you may have to define all start up variables in one of the
login files (e.g., �	����� � ����� , �	������� � , � ��
���� � , ...). Another way to fix this problem is to place
all start up variables required for the BPE into a file named �	����� � ������� ��������
�� such as:

�

� ��������4(���!&�&,�� �)3�������*�'����)3������A����� ������
�4�����D� ��� 4�����D��$��2�������!��A���9���8�+�G�6���1�����G�6�����[��
���>�
�\���8�>2�*0'	���\�9���8�+��������
�8��������4���������>�
�\���8�>2�*0'	���\�9���8�+������

and then add the following to the beginning of the LOADGPS script:

�

� &,��E��5�'����� � 4������,������� A����� ������3D���� A����� 5�������'������)
� �'����� ��� ��>�
�\���8�>2�*0'	���\�9���8�+��������	� �  �!
�8����������D��� 

��� 4������,������� A����� �������,�

The BPE has the ability to execute scripts on many different computers connected together by a
network. There are some important restrictions for this configuration to consider:

UNIX Version:
� A variable $LOADGPS is defined in the LOADGPS script. It must contain the full path in-

formation to the LOADGPS script. This variable will be used to start the LOADGPS script
on all hosts. Therefore the location of the LOADGPS script must be identical on all hosts that
are to be utilized. If the script LOADGPS is located at “/home/jjohnson” the variable must be


���� ����������	�
 � ����� � ��� � � ������
���� � ����������	�

and the LOADGPS script must be available on all hosts at the same location
“/home/jjohnson”.

� There must be at least one common directory structure that is mounted on each of the hosts
to be utilized to store campaign data (i.e. � 	 and ��� ), temporary data ( ��� ), and the user’s
work area ( ��� ). The Bernese program and executable area ( �  ) may be in a directory local to
each host if desired in order to minimize network traffic. On some systems, the exact path to
mounted directories may be different on each system, which means that variables set in the
LOADGPS may be host-specific. In the case where the user has the same home directory on
all hosts, it is suggested that a separate LOADGPS file be maintained for each host and given
the name LOADGPS.host. Then the LOADGPS script should be replaced with a simple script
such as:
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� � �2A*�! ����'D
�

� �,�! �)F�2����
�D*���'D�D����2� 
��������3�2 
�D����2�� � �2A*�! ��2D����2�� ��'&,���
�

� �������'��������D��:4����24����3	�>�����1����
� �'��� �'��	�>�����1������ ��� D����2��� ���D��� 

�I	�>�����1������ ��� D����2���������� ���'D��:	�>�����1������ ��� D����2���5 ��������2�� �)�,�

� The Bernese and BPE programs may be compiled using shared libraries. This means that
when a BPE program is executed, it must have access to these shared libraries. It is important
to make sure that shared libraries are installed on all computers that are to run GPS programs.
If you get errors when trying to run the programs that indicate that shared libraries cannot be
found, you should consult your system administrator in order to correct the problem.

VMS Version:

The machines to be used by the BPE have to form a VMS cluster. The disks containing the directo-
ries for the campaign data (e.g., logical 	 � ), the temporary area ( � � ), the user work area ( ��� ), and
the source code area (  � ) have to be accessible from each of the machines.

22.3 Directory Structure

There are 4 directory structures in the Bernese/BPE system. Each of these directory structures can be
located on different disks and the location of these directories are defined in the LOADGPS script.
Three of the structures are fixed and generally do not change. These are the user’s area ( ��� ), program
area ( �  ), and the temporary directory ( ��� ). The fourth directory type is the campaign directory
structure ( � 	 , etc.) — see also Chapters 23 and 24. In addition to the directory structures themselves,
there are two other items to be aware of. These are the directory variables ( ��� , ��� , �  , � 	 , etc.) and
directory links (links are not necessary and not present for VMS). The directory variables, which
are defined in the LOADGPS script, are used by the user and BPE scripts to navigate to the base of
each directory tree. On UNIX systems the links are found in the 
 ���� directories under ��� and the
��� ��� ������������� directories. Directory links are used by the Bernese programs to find the location of
directory structures. All of the Bernese programs expect to be started in a 
 ���� directory that has
these links set.

22.3.1 Directory Trees

An overview of the various directory structures used by the BPE is given in Figure 23.1 and Figure
24.1. You should keep in mind that on UNIX systems there are links defined (e.g., named ��� ) for
each of these directory structures in the work area ������
 ���� (pointing, e.g., at the directory ��� ).
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Notice that the directory link ��� is recursive, i.e. that it points to an ancestor directory. This can
cause problems if the user tries to copy the directory structure ��� with the recursive option, for
example:

����)���� �����2D� ,���2 ��B M�G�6 � � �2) � �����)���� �����2D� ,���2 ��B M�G�6 � � �'4 �'��
�������9���.������

will eventually fill up the disk. This is because the copy command follows links and
will forever create directories in the following way (assuming ��� is ����� � ������
���� � ��	�
�� 
 � � ):
����� � ������
���� ������ � ��	���
 �������
 �������
 �������
 �������
 ���� �����

The ����� command is safe, however, because it does not follow links and will instead copy the link
information to the tar file. Thus, to safely back up the ��� area, the user could do the following:

����)���� �����2D� ,���2 ��B M�G�6 � � �2) � �����)���� �����2D� ,���2 ��B M�G�6 � � �����F�2K�� ������1�����������8�� 9���.������ �

The ��� directory structure deserves some additional comments. Notice that the ��� ��� ����� � � ��� di-
rectory may have the ��� notation in the BPE environment. This can be confusing because the ���
directory carries the same notation.

The � ������������� directories are used by the BPE to run scripts. Each script that the BPE runs re-
quires its own work area because the Bernese programs expect to write temporary files in the ���
area ( ����������	 , ����� 	 ��� , and ������
 ���� ). It also expects to find the input parameters in panel files in
����� 	 ��� . So, in order to run more than one script at a time, it is necessary to have different directory
structures for each script. When the BPE runs a script, it finds an available � ������������� directory
structure to run in and then re-sets the ��� variable to that � ������������� area. All the panel files in
the � ������������� � 	 ��� area are deleted and new panel files for the specific script to be run are copied
over. On UNIX systems the BPE also sets the links in the � ������������� ��
 ���� area. Thus, as far as
the Bernese programs know, they are running in the standard ������
 ���� area. So, the ��� and ��� di-
rectories are specific to each work area. The ��� link in � ����� � � ��� ��
 ���� points to � ����� � � ��� , ��� in
� ����� � � ��� ��
 ���� points to � ����� � � ��� and so on. The user will never see the changing of ��� to one
of the temporary directories as this is all handled internally by the BPE. The ��� variable defined at
the Bourne shell prompt will always be the same.

The reason for this � ������������� structure and the different ��� variables is that each BPE script can
have a user (work) area to run Bernese programs without overwriting input/output files from other
scripts.

22.4 The Process Control Script (PCS)

The Process Control Script, or PCS, is the outer most script of the BPE. The script lives in the
� 
 � ��
�� directory, which will be in the user’s path after the LOADGPS script is run. The PCS script
expects to be run from the user’s ������
 ���� area and takes as its basic parameters the name of a
Process Control File (PCF), the session to run, and the year of the session. In general the user will
start the PCS using the Menu 6.4.1 which allows him to specify all the parameters passed to the
PCS script in input panels (see Section 22.7.5).
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22.4.1 How the PCS Works

The main function of the PCS is to execute the scripts contained in a Process Control File (PCF).
The PCF, which is covered in more detail in a later section (see Section 22.5), is a file containing a
list of scripts that are to be run. In addition, the PCF contains information about what input options
to use for these scripts and the order in which to run the scripts. Most importantly, the PCF file tells
the PCS script which scripts must be completed before starting any given script. The steps the PCS
takes are outlined below:

(1) Validate input parameters. The PCS will check to make sure that:

– Session and year are defined and all parameters are valid.

– The PCF file is in the ����� 	� � directory.

– All scripts in the PCF file are in ������
  � ��	 � .

– All options directories in the PCF file are in ������� 	 � .

If any of the above tests fail, the PCS will display an error message and terminate.

(2) Clear all protocol and standard-output log files. The PCS uses protocol files in order to track
the status of the scripts in the PCF that are to be run. It uses these files to tell if they have been
started and to tell when a script has finished. These protocol files are stored in � 	��  � ��	�������� .
All standard output from the scripts running in the BPE are written to log files. These log files
are located in ��� ��� ����� � � ��	 . They have the same names as the protocol files.

(3) Check for errors in the protocol files. The PCS will scan all the protocol files generated for
errors. If an error is found, the PCS will print an error message and terminate. Any remote jobs
that have been started and have not finished will still run, but new scripts will not be started.

(4) See if there is a script that can be run. The PCS goes through each script in the PCF file and
checks to see if it has been started. If it has not been started, then it checks to see if the scripts
that it needs to wait for have finished. If these scripts have finished, then the PCS will start the
script and go to step 6. If the script has been started, or if the scripts it needs to wait for have
not finished yet, then the PCS will move on to the next script until it either finds a script that is
ready to run — in which case we go to step 6 — or there are no more scripts to check. If the
PCS cannot find a script to run and not all the scripts have finished, then it goes to step 5. If all
scripts have finished, then the PCS terminates.

(5) Sleep and then go back to step 3.

(6) Check the 	� �� ��� �� 	 � file (located in ������
 ���� ) for a computer to run the script on. The
	� �� ��� �� 	 � file specifies which computers the BPE is allowed to run scripts on and how many
scripts at a time it can run on these computers. The PCS will look for an available computer
and if it does not find one, it will go to step 5 (sleep a while, then check again). If a computer
is found, the PCS increments the count for the number of jobs running on the computer in the
	� �� ��� �� 	 � file and then continues with the next step.

(7) Run a script. The PCS comes to this step if it has found a script it can run (step 4) and there is an
available computer to run the script on (step 6). The PCS will generate a header and tail script
and copy them into the ��� ��� ����� � � ��	 directory. The header and tail scripts are attached to the
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beginning and end of the script to run. These scripts take care of the book-keeping required
by the BPE, such as writing messages to the protocol file, and set up variables that define the
parameters (such as the year and session) that are required by the script. The names of these
files will be ��������������� and ��� � ��������� , where ��������� is a unique ID number that the PCS auto-
matically generates. The PCS then generates a script that will be executed by an ��
�� command
(UNIX) or a 
����� � � command (VMS) that will start the script in the PCF file. This file will be
named 	� ������������� ��
 � ( 	� ������������������ on VMS) and will be copied over to the ��� ��� ����� � � ��	
directory. Finally, the PCS will start up the script by issuing an ��
�� �
����� � � command. The
��
�� �
����� � � command will run the LOADGPS script with special options that specify that the
script 	� ������������� ��
 � � 	� ������������������ should be run after the Bernese environment has been
loaded. After the ��
�� �
����� � � command has been issued, the PCS will go back to step 3.

The PCS process finishes once all scripts have been started and have finished, or if an error is found
in one of the protocol files.

The error handling in the PCS requires that the name of the error message file is
���	��
 ������ � �������� � 
 � . This name is hardwired in the PCS but not in the menu system of the Bernese
GPS Software. Please check the data panel Panel 0.3–1 in all ���	��� 	 � option directories. The last
line in this panel must be:

��� = ��- ����������	�
��$ 1���+���8���	�����
�������
3+���/����
� �� ������,�����2�������*������� �<���2�������'D3�*����������X � �� ��>28�� � X���.�8 �����������/���������"����*����� � �������:+��'&,� � %X � �� ��>28�������8�8�>28�� /���1 �

If the PCS detects an error in one of the scripts it will stop and not start new jobs. However, all scripts
previously started will continue their work on the remote hosts. They will update their protocol files,
and if you restart the PCS before all remote jobs have been terminated (or killed) the restarted PCS
will be seriously confused. Therefore, make sure that no BPE jobs are running when you restart the
PCS (using appropriate commands of your system). Issue the  ��� ��� command before restarting the
BPE (see below).

22.4.2 Format of Protocol File

There are two files that will be generated for each script that is started. The log file containing the
standard output of the script will be generated in the ��� ��� ����� � � ��	 directory. The protocol file will
be in the � 	��  � ��	�������� directory and is used to report the status of the script (errors, completion
status, etc.). The name of these two files is identical and has the following format:

��� � ��
�
�
�
�� 	 ��� or ��� � ��
�
�
�
�� 	 ��� � 
����
Where:

��� ����� Task id, 2 characters, has to be used only, if more than one BPE runs using the same
campaign and session(s) (default task id is

� �
).

� � ����� Two digit year.
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�
�
�
 ����� The session number.

	 ��� ����� The three digit process id of the script (defined in the PCF file).


���� ����� The sub process id of the script. Parallel scripts can be run a number of times. Each sep-
arate run of a parallel script is given a sub process id, starting with 001 and incrementing
by 1 each subsequent run. The

� 
���� is only present for parallel scripts.

To see if a script has finished, the PCS will look through the protocol file in � 	��  � ��	�������� . Here is
an example protocol file from the campaign ����� directory:

����)���� �����2D� ,���2 ��B M�G�6 � � � �2) � ����+�>�����\2����	���>2��
����)���� �����2D� ,���2 ��B M�G�6 � � � �����5����T L ��-2Q���� ����-��8�>�
�>�.�>�	3�*0'	�����>2839����3��.�8*0'��
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
��.�8*0'��
3+���/�� ���
���\28�+�[
������8 NT L��������0�>�+ N��-2Q��.���/����,0'1�+ I+�>�����\2����	.���/����,0'1�+5����
�S I�B��
>���
,0�>�+��*0!8���.�
�>28�� ���
���\�+�>������8�>�.������(0!� N����-����93��8�>�.������J0!� N����-
.���� N.����*-����
�S5
�> ��>28�����8����  �2��������)���- �������'E��� ���1���������
���������
�>�������- �
����
�� 
,0!/�� ��
�����8�>�1�8���/ /���������1��
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W=�-��!/���8 �2T L 6�-  ��Q$ 6�- /���1���
���\28�+�[ ��8�>�.������3��
���8�
����
=�-��!/���8 �2T L 6�-  ��Q$ 6�P�/���1���
���8�+�[ ��8�>�1�8���/F��
���8�
����=�-��!/���8 �2T L 6�-  ���$ 6�- /���1���
���8�+�[ ��8�>�1�8���/5��+������=�-��!/���8 �2T L 6�-  ���$ 6�=�/���1���
���\28�+�[ ��8�>�.���������+������W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W

The protocol file first displays the value of the variables that were set in the header script
( ��������������� ). Below is a table of the items displayed:


  � ��	 � ��� ��� ����� This is the name of the script that was executed.

��� ��� ����� The two digit year.


 ��
�
�� ��� ����� The four character session.

 � ��	 � ��� � ����� Name of the campaign.

 � ��	 � ��� � 	 ��� � ����� The path to the campaign. For UNIX systems this shows the link name.
For the above example, the campaign path is given as 	 �	� which corre-
sponds to the � 	 variable set in the LOADGPS script.

� 	 � � ��� � � ���� ���� � ����� This is the name of the option directory used for input panel files. The
option directories are located in the ������� 	 � area.

	 ���  ��
�
 ��� ����� This is the 3 digit process id. The process id for a script is assigned in
the PCF file.


���� 	 ���  ��
�
 ��� ����� The sub process id only has a meaning for parallel scripts. For parallel
scripts, this indicates which run of the script the protocol file is for. For
example, if a parallel script is split into 10 separate runs, then there will
be 10 protocol files with sub process ids from 001 to 010.
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 	 � ����� This is the name of the computer (or the batch queue on VMS) that the
script was run on. This is the abbreviated name. The full name of the
computer (batch queue) can be found by looking at the 	� �� ��� �� 	 �
file in ������
 ���� .

	 ��� � ��� 
 ���� ����� � ����� This shows which � ������������� directory was used as a temporary work
area for the script.

Below the display of the variables, a chronology of which programs were run is shown. There may
also be some additional warnings and/or error messages. The first two columns show the date and
time the message was added to the protocol file. The third column shows the type of message. The
possibilities are � 
 � (a simple message), 
���� (a warning), and � ��� (a fatal error). The fourth column
shows the program or script the message comes from and the final column shows the message. The
first and last message in a protocol file will be from the script being run, the first being 	 ���  ��
�


���������� � and the final 	 ���  ��
�
 � ����� � . The PCS looks for the message 	 ���  ��
�
 � ����� � to deter-
mine if a script has finished.

When the PCS runs a script, it pipes all the output from the ��
�� command (UNIX) or from the sub-
mitted job (VMS) in the log file in ��� ��� ����� � � ��	 . For example, here is the log file

� � � � � U � � � � ���
on a UNIX system:

S���������8 %���24��,�! �"5����+��,������� �����!& �2��=�� �����2D� ,���2 ���1�����������8���>���
�����
���\�9���8�+� �� ��>28����2��
���>28�9�� .�>2/ �2����������)F���  ����)�/����36�TF-26$<-2�$ =�T�/���
(-2T�T L

*������"����F����)���Q�T�6�6�� ��4�D
0! ����������2�,�'K��:&*��)��5�������	���������),�'�����2�������3 �� 
 �2��=�� �����2D� ,���2 ���1���������
������ ��\�
�����
���>28�9�2�����������)���Q�T�6�6�� ��4�D
� �� ��>28����2��
���>28�9�� .�>2/ �� �)���)5���  ����)�/����36�TF-26$<-2�$ L G�/���
(-2T�T L

The log file will contain any output from the script that is not explicitly directed to the protocol
file. Most importantly, if a shell/command file were to have a hard crash, such as from a program
crashing with a segmentation fault, then the error message would appear in the log file rather than
in the protocol file. This is because scripts have to explicitly write messages to the protocol file,
and if the script itself crashes, there is no way for it to send a message to the protocol file. An
extended log file is generated if the PCS is running in the debug mode (which may be specified in
Panel 6.4.1–1.4 ).

22.5 The Process Control File (PCF)

The Process Control File (PCF) defines which scripts the Process Control Script (PCS) should run.
In addition to listing the scripts to run, the PCF defines which scripts must wait for other scripts
before they can be run and defines parameters that are to be passed to the scripts.

22.5.1 Linear PCFs

The basic PCF is linear. This means that each listed script is executed only once. It is still possible
that processing will happen in parallel by having two different scripts running at the same time.
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Each script, however, is only run one time. For example, it may be possible to run an ftp script to
get precise orbits at the same time a script is running to get IGS RINEX data.

A very simple PCF file is shown below ( ��� � � ������ 	� � ):

�

� ����������)������5.��2 ��������:�*����� � ��.�� �
� �����3���!&�&,�� ��F���! ����3�2������� 
*�'��D5� �

� .��!&�&,�� ���� 
� 1���
�\�>28�9�� ��.�� ��X��:��.��3�,��������D�����
*�����:�������,�2��K��5.�>2�F����A*�'���:�����!&J.�>2���
��,0!�F��.�8*0'��
 >���
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�
 ��
�
�
�
�
�
�
 ��
�
�
�
�
�
�
 ��
�
�
�
�
�
�
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This is a simple PCF file that contains only one script to run. This PCF file will run a script to
retrieve CODE precise orbits from the IGS Analysis Center CODE. Any line that starts with a

�
is

a comment and comments can appear at any location in the PCF. The first two non-comment lines
define the fields for the first section of the PCF. These two lines must be present. After the two
header lines, the scripts that are to be run are listed. A description of the different fields is given
below:

	 ��� ����� Each script in the PCF is assigned a unique Process Identification number. It is up to
the author of the script to assign PID numbers to the script and the only restriction
is that they must be unique 3 digit numbers and they must increase from script
to script (this is required, but not checked in the source code!). For a short PCF,
usually, the first script is given the process id 001, which is incremented by one for
each subsequent script. For longer PCF’s we suggest to make sections with PIDs
following each other. There may be unused numbers between sections in order to
make it easier to add a new script into a section of the PCF file in future.


  � ��	 � ����� This is the name of the script to run. The script must be located in ������
  � ��	 � .

� 	 � � � � � ����� This is the name of the option directory that will be used to get panel files from.
The option directories must be in ������� 	 � .

 � ��	 � ��� � ����� This is the name of the campaign to process. Normally, you will leave this field
blank to be able to process any campaign using this PCF. If you specify a campaign
name here it will take precedence over the campaign selected in Menu 6.4.1 when
starting the BPE run.
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 	 � ����� This is the name of the computer/queue that the script should be run on. This can
be the 8 character name specified in the 	� �� ��� �� 	 � file (found in ������
 ���� ) or
��� � . If the keyword ��� � is used, then the script will be run on the first available
computer found. You may also specify � ��
�� or 
 ����
 . In this case a computer with
the keyword � ��
�� or 
 ����
 respectively in the 	� �� ��� �� 	 � in column 
 	���� � , will
be selected. Still another possibility is ������� which means that a computer/queue is
chosen where no other BPE script is running yet. The computer/queue given in the
PCF file takes precedence over the  	 � selection in Menu 6.4.1 .

	 ����� This is the priority of the script. The number can range from 1 to 9. On UNIX
systems a priority of 1 will cause the script to be run with the highest possible
priority and a value of 9 will cause the script to be run with the lowest possible
priority ( � � ��� command). On VMS different batch queues have to be selected for
jobs that should run with different priorities.


�� ��� ���� ����� This field specifies which scripts must have finished before the script can be started.
Up to nine scripts to be waited for can be specified.

The next section of the PCF file starts with two more header lines. If these additional parameters are
not required for a script, then this section can be left empty. If additional parameters are required,
then they will be listed in this section. The meaning of the different fields is listed below:

	 ��� ����� This is the PID of the script that the parameters belong to. This 	 ��� must be listed
in the first section of the PCF file.

� 
 � � ����� This field is reserved for future use and is not used at this time.

	 ��
�
�
 ���� ����� This field is reserved for future use and is not used at this time.

	 ����� �� ����� Up to six parameters at a time can be specified to each script. If, as an example, the
value of 	 ����� � � is “get_erp”, a corresponding variable � 	 ����� � � is defined in the
corresponding script and has the value “get_erp”. The same script may in this way
be used for slightly different tasks in different PCF scripts (e.g., get orbits with
Earth orientation parameters or get orbits only). There are some parameters that
have a special meaning for all scripts and are listed below:


 � ��	 ����� If the keyword 
 � ��	 is passed to the script as 	 ����� � � , then
the script will not execute. It will write a message to its
protocol file that it was skipped and then exit.

	 ������������� ����� This keyword is used for parallel scripts, which will be cov-
ered in detail in Section 22.5.2.

��� ����������
����� 
 ����� This is used to generate unique file names used by paral-
lel scripts. The PCS will automatically expand the � into
a unique number and add the extension to it. For example,
����� � � would be expanded to a file name

������� � � �	��� � � (the
019283 will be different for different runs).

The third and final section of the PCF defines any special variables for the PCF. If the PCS is started
from the Bernese menu system then a special panel will be created and presented to the user based
on this information. The key words are:
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� ��� ��������� ����� This is the name of the variable that will be set in all scripts run by the PCF.
These variables must start with the two characters

� �
and may then have up to

six more characters. There are 8 special variables that can be set that correspond
to variables in Panel 1.5.1 (see also the corresponding help panel and Chapter
3.8).

� � � ����� Sets the ��� variable.� � � ����� Sets the ��� variable.� � � ����� Sets the � � variable.� � 
 ����� Sets the ��
 variable.� � 
 ����� Sets the � 
 variable.� � � ����� Sets the � � variable.� � 	�� � 
 ,
� � � ��� � 
 . . . These two variables are used together to specify a range
in the following Panel 1.5.1 variables:

� � � � ����� 4-character year parameter
� � ��� ��� ���
�
 � ����� 4-character session parameter

� ��
 ��
�
 �� � 
 � ����� 4-character session parameter
� � 
������ �� ����� � ����� 5-character session parameter � ��
 ��
�
 �� � � � � ����� 5-character session parameter � � 
���� � �� ����
�
 � ����� 6-character session parameter
� ��
 ��
�
 �

The six variables
� � � , if defined in the PCF file, will be available in all scripts

and the ��� in all panels. For example, if the user were to set
� � � to the value


 � , then ��� in a Bernese panel would be replaced with 
 � and the variable
� � � � (in a UNIX script) resp. the symbol

� � � (in a VMS command file) would
be 
 � . The

� � 	�� � 
 and
� � � ��� � 
 variables will be concatenated together and

appended to the session variables listed above.

����
  � ��	 � � ��� ����� This field can be up to 40 characters and defines the description the variable
will be given.

����� � ��� � ����� This defines the default value the variable will have.

��� ��� � � ����� This tells the Bernese menu system how many characters to allow for the vari-
able. The maximum is 16.

NOTE:

The length of the eight special
� � � variables above must be 2, because they are declared as 2-

character variables in the Bernese menu system. All other
� � � -variables are available within the

script as parameters (e.g.,
� � ����
�� as ������
�� for UNIX, � ����
���� for DOS, and TEST for VMS) but

cannot be used within the panels as $-variables (see below).

EXAMPLE:

The following excerpt from a PCF would generate the following Panel 6.4.1–1.3 when starting
the BPE with Menu 6.4.1 :
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���8��
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,0!/�� X�� � �'�! J�������2 �)�� #C�$N)������������3K����2���:�,����)��

22.5.2 Parallel PCFs

Parallel PCFs are slightly more complicated than linear PCF files. They have the advantage, how-
ever, that they can split up a single task into multiple tasks, each of which can be executed on a
separate computer. For example, to run the single point positioning using the code data (CODSPP)
on all observation files, a linear PCF script could be written that would simply loop over all code
observation files for the specified year and session and run the CODSPP program once for all these
files. The program would process one code observation file after another in a linear fashion. But the
computations of the different stations is independent. Therefore, with parallel scripts, it is possible to
divide up the code observation files into groups (also called “clusters”) and have different computers
work on different groups of these files. Improvements in speed can be achieved even by running two
groups of code observation files on the same computer: while one group performs disk I/O tasks, the
other can use the CPU and vice versa. The only requirement for a parallelization is that the analysis
program can handle these clusters independently from each other. More examples for possible par-
allel processing tasks are the transfer of the data from RINEX into Bernese format (RXOBV3), the
screening of the single difference phase files (MAUPRP), or the ambiguity resolution (GPSEST).

Parallel scripts require two scripts that work together in conjunction. The first script is the file script
and its job is to either (a) create a list of files (e.g., observation files) to be processed one-by-one in
parallel or (b) to divide up a list of files that are to be processed in groups. The second script is the
script that actually does the work and will be executed once for each individual file in the file list in
case (a) and once for each group of files generated by the file script in case (b).

Below is an excerpt from the example PCF file given in � 
 � 	� � that shows the parallel script files
for running the program GPSEST, using the QIF ambiguity resolution strategy on each individual
baseline of a session:
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The first section defines the option directories to use for the scripts and the order in which they
must be run. In this case, the ��	�
������ ��	 script must wait until script 017 has finished before it can
start. Since the ��	�
������ ��	 script only creates a list of baselines to be processed in parallel, it does
not need any input options and instead of the option directory � ����� � ����� an (almost) empty option
directory (usually called ��� � � 	 ��
 ) could be specified. This option directory ��� � � 	 ��
 is a directory
only containing some panels that have to be present in any option directory (e.g. the default panels
����� � ��������� 	 ��� , the panel ����� � � ����� � 	 ��� , etc.) in the ������� 	 � area. The ��	�
������ � 	 script is the one
that will do the work and the name of an option directory is passed to it that contains panel and
option files that are needed in order to run GPSEST.

The bottom section of the PCF defines the parameters that are passed into the different scripts. The
parameter ����� � � is passed into ��	�
������ ��	 as 	 ����� � � . The ����� � � variable is automatically expanded
by the PCS into a file name that has a unique base name and the extension �	��� � � (

������� � �	��� � �
for example). The ��	�
������ ��	 script will write into the file ����� � � one line for each baseline to be
processed. The lines that ��	�
������ ��	 writes into the ����� � � file will be used by the PCS to generate
parameters for the parallel script ��	�
������ � 	 .

The keyword 	 ������������� is specified for the ��	�
������ � 	 script followed by the file name ����� � � . When
the PCS detects the 	 ������������� keyword, it will read the file specified in 	 ����� � � , which is ����� � �
in this case, and read and remove the first line from this file. This line is then used to generate the
	 ����� �� parameters that are actually passed into the ��	�
������ � 	 script: the first item in the line will
be passed to the script as 	 ����� � � , the second as 	 ����� � � , etc. The PCS keeps track of how many
times it has executed the ��	�
������ � 	 script and passes this number to the script as the subprocess id.
This process of reading and removing the first line from the ����� � � file continues until the ����� � � file
is empty, in which case the PCS will mark the script as being started. Once all of the scripts started
by the PCS have finished, the script will be marked as done, and any scripts that have been waiting
for the ��	�
������ � 	 script to finish will then be able to run.

The protocol and log files for the ��	�
������ � 	 will have an additional number added to the normal
extension. For example, the first time the ��	�
������ � 	 script is run, its protocol file name will be
(assuming we are running session 1650 of the year 1996)

� � ������� � � � ��������� ��� (in � 	��  � ��	�������� )
and

� � ������� � � � ��������� ��� for the log file (in ��� ��� ����� � � ��	 ).

If you want to process files in N groups (e.g., running program CODSPP with groups of files, i.e.
running it once for each group of code observation files) the preparatory script has to generate N files
(one for each group, let’s call them group files) containing each a list of the files belonging to this
group and one file (the ����� � � file) containing the names of the N group files (one per line). The PCS
then passes the name of the group file to the script to be run using the parameter 	 ����� � � . The parallel
script (the script that runs, e.g., CODSPP) may then copy the group file to the “SELECTED” file
(e.g., ������
 ������  ��� � ����� � 
 ��� for CODSPP), the file where the menu system saves the list of files
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selected the last time by the user (see Section 3.4.3). By setting the option “SELECTED” in the
panel, where the names of the files to be processed have to be selected (e.g., ����� ��������� � 	 ��� for
CODSPP), exactly the files contained in the group file will be processed.

A detailed description of the way how to organize the parallel processing in the scripts will be given
in Section 22.6.5.

22.6 Running a PCS

We will now go through the process of running a simple PCS.

22.6.1 An Example PCF

The PCF file that we will use for this example is � � 	� � � 	� � :
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��,0!��������8 ����������>28��F����8���/*- ����8���/�6 ����8���/�=Z����8���/�G ����8���/ L
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M�\�> 
�����
5����
�
,0'+�1�M�\�> S*0 6

This PCF will run the script � � 
  � ��	 � (which must be in ������
  � ��	 � ) twice. Since we have a wait
PID for the second � � 
  � ��	 � , it must wait for the first one to finish before it can start. If we did not
have a wait PID for 	 ��� � ���

, then the BPE would start the second � � 
  � ��	 � script right after the
first one was started.

The option directory for the script � � 
  � ��	 � has been selected to be ��� � � 	 ��
 . In this option di-
rectory we only need to have a few basic panels that are required by the Bernese menu system.
� � 
  � ��	 � does not run any Bernese programs and, in fact, will only echo some messages. At this
point, we only want to show the flow of the BPE.

Here is the script � � 
  � ��	 � for the UNIX case (for VMS please have a look at the scripts in

 ����� 
 � ��
  	 ��� ):
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� � �2A*�! ����'D
�

� 
�\���.�8*0'��

� �������
�

� �� 3�����'&�4����J���2�,�!4������3�'D�� 
5��D���9��������� ,�2�,���2 *�! �"
� �����������������������������������������������������������������������������������������
�

� �'DF���2�,�!4��3�,������
��,�'������ 3A���A�)��
� ���������������������������������������������������������
� ���� ,�2�,���2 ,� �,����)�A��5�'D������)���\��2&�� � �

�'��� � � -�� ���D��� �'�������2� �'��� ���'D�� � - � ����   ����-26  � D�����) ��-����D��� ��K������2& � -�,��,�
�

����2��4�4���� � � �

��K���� � -  � ���'D�� � 6 � ������ � ������ �� ��� � �� ���K���������4������ � -
�

� ����������� � � �

�'��� ��� 3�����D��� 
��8�8���
���
��> ��������
��8�8���
���
����8�8�,�

�

�

� ���������������������������������������������������������
� ��S���	�	3��
���8�
���S���8��
� ���������������������������������������������������������
�

� ��S���	�	�M���8*0'��9�	����$
� �������������������������������
�

� ������8  �������5������D��5�����������2 5��� A��:4���������������)��<6�),�'",�'�����
� ��8�\�G  �������5������D��5�����������2 5��� A��:4���������������)�� G�),�'",�'�����
� ��������0�>�+  �����������2 3 ���&�A������ GF�'D��������2���������
� .���/����,0'1�+B .��'&�4����'"� 3 ��'&,�
� .���/���\���
�S  .��'&�4����'"� 34�����D
� .���/���\2��8�M  ���,�'K��3�����������3�����F���'&�4����'"� �'��� ���N���
� >���
�\2�*0!8  �*�'�����2�������3������4��� ������
� �,0!�  �������������5�')��� ��,�'�,�������,���2 F ���&�A������<=�),�'",�'�����
� ����9�\��,0!�  ����A�4������������F�') �<=�),�'",�'�����
� ��8�
�\2�*0'	��B �����������������,�����: ��'&,�J�! ,���2��),�! �"34�����D
� ��.�8*0'��
  +��'&,�3���F���2�,�!4��
� 
������,0!�  
����'E(�')5���F���2�,�!4��$#@�,�'���������5���
� ��8*0�>28*0'
	�  ���,�����,�'���F������D��5���2�,�!4��
� .����  .����3��D��5���2�,�!4��(��� ���� � *�! �"F�2 
� ���	��������8  �������2�� 3)��	�F������D�� �������
� ���	�  ���	�5������D���/��2 ���D
� /�>�+�
�S  /��2 ���DB# -  ����+$# -26	�����.
� 1������������  1���� 
�����E
� ���	���������  ���	�5������D���
�����EB# �	�����+$#%P	�����

� M�\�[  [:M����,�2��A����(�! �����
,- L -�\�\ � ����+
� M�\�>  > M����,�2��A����(�! �����
,- L -�\�\ � ����+
� M�\��  � M����,�2��A����(�! �����
,- L -�\�\ � ����+
� M�\���	����  ���2�,� K����,�2��A����J�! �����
,- L -�\�\ � ����+
� M�\2/*0'+����  /*�! ��,� K����,�2��A����(�! �����
,- L -�\�\ � ����+
� M�\ �  �,������K����,�2��A����
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� ����8���/��  ���2�,�!4��J�'4������'�,���:4������'&,�������$# �F���3- ��D����5T
� �  �*�'�����2�������34�����D5��� � 
�

� �����J�'����D*���3�'D������5��� A����! �"3���� 3�����!&F��D�����.��
� ���2�,�!4��$# ����),�'�����2�����5�����������2�,�! �"�� 0'�������2�,�! �"$#
� ��D���D�����)����F���2�,�!4��(���  �����4���������)(�! 5��� �,- �
� �'��� � � -�� ��������D��� 
�

� ������K����,�2��A������������������2�,�! �"�D������
� 
�����
�\���
���8�
�\2�*0!8� � 4�
�) ��2) � ��� ��>28��
�����
,0'+�1��� �����	�����4������3
�����
,0'+�1������� 
�����
,0'+�1���!+�>������4������3
�����
,0'+�1

��� � -��������������,�
�

� ��
���8�
3
�S���/���+��F������
���/ 0'+�+�>�+���0'+�
���8���.�
,0!M��F/�>2���
� �����������������������������������������������������������������������������������������
� � [�����.�8*0'��
���9���1�\2/���+�������������

�

� ����
�M���8*0'��9�	����J0'+�����
,- L -�\�\ � ����+
� ���������������������������������������������������������
� � [�����.�8*0'��
�������
�\�������������������

�

� 
�\���.�8*0'��
59�>2���
� �������������������������
�

� 
�D*���5���:�3���<&�4����������2�J���2�,�!4�����D����3)������  �����D*�! �"��
� 0'�F�2��������� S���8��
� ���'D��:
�\���.�8*0'��
B%���������,�! �"���'D�����������0�>�+(02� ��� ��������0�>�+��
���'D�� M�\�>502� ��� M�\�>��
���'D��:
�\���.�8*0'��
B �� �),�! �"
�

� 0'�3�� �)�� S���8��
�

� ���������������������������
� �� �)3��D��5���2�,�!4��
� ���������������������������
� � [�����.�8*0'��
�����+���\2/���+�������������
�'��� � � 
�����
,0'+�1��  � �����	� ���D��� �2) � � 
�����
�\���
���8�
�\2�*0!8���������

� � [�����.�8*0'��
��2��>�\�
��,0'	������������,�

At a first glance this script looks complicated. However, most of the script is a ’skeleton’ required
by the BPE (all scripts have these start and end sections). What the script actually does is between
the lines:

� � � 
���������
 ��� ���
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� � � ��� ��
 ��� ���
So, all this script does is echo some information (no GPS program is run). The output of the echo
commands will be captured in the log files.

Scripts written for the BPE have to be standard Bourne shell scripts under UNIX, DCL command
files under VMS. Notice that most of the above script consists of comments. The line

��� � � � (UNIX)

�'& � 	 � � � 	 � � � 	 � � � 	 � � � 	 � � � 	 � � � 	 � � � 	 U � � 	 � � (VMS)

executes the header script that the PCS generated (the PCS will pass the name of the header script as
first parameter named � � under UNIX, 	 � under VMS). Then two scripts ( ����� � ��� � � and 
 � � � 
 ��
�
 )
are run that will put the Bernese menu system into the non-interactive mode and set the campaign
and session (which are defined in the header script). The last two lines in the script put the Bernese
menu system back into interactive mode (script � ��� � ��� � � ) and run the script ��� � ��� ��� that does
some finishing tasks, such as writing the final messages into the protocol file. The ��� � ��� ��� script
will also execute the tail script that is generated by the PCS.

To start the PCF from the menu system, we select Menu 6.4.1 :

P�� G��<- 9����B ��������0�>�+3��8�>�.�������0'+�1

.���/����,0'1�+ X 
���
 .���/�� � � A����� �E5�����F���������2�,���2 (�����2���
���2A(0')��� ��,�'�,�������,���2 ��>�95.�S���8���.�
���8 X � � A����� �EB#C��������� � #%����� T �
0! �4������*������� ��8�>�.������5.�>�+�
�8�>�	��*0'	�� X 
 ��.�� � � A����� �E5�����F���������2�,���2 (�����2���

We are using a fictitious campaign with the name ��
�� �  � ��	 to demonstrate the menu steps. Next
the following panel is displayed:

P�� G��<-���- 9����3��������0�>�+3��8�>�.�������0'+�1B 0'+�����
5>���
,0�>�+��

�����������2 ,�F0! ������2&,���,���2 ��������0�>�+��<��
���8�
�� X3-�-�-2�	�������8��<��
���8�
�� X3-2T�T�P	�+���/�9���8J>2�5��������0�>�+�� X3- � �'�'�� ���"����,�'K��$N4��������������! �"3A����'E�
�����)����

����'E 0')��� ��,�'�,�������,���2 
������J0!����+�
,0!�*02.���
,0�>�+ X:���	� � A����� �E %��� �
.������ �2�������F��4������'�,�������,���2 .���� � 9���
�.�S �2������� X +�> � � +�> #C����A����� �E3�����F���������2�,���2 (�����2���
��4������2���3>24��,���2 ,� ������.�0'��	3����8���/���
���8��VX +��	��� � >�	������@+��	�����%��������02� ����,0'����8�>�.���������� X +�> � ����������� +�> # ��������02� �8���/�>�
��5����9�/*0'
 X +�> � ����������� +�> # ��������02� �����9���1�1,0'+�1J>���
,0�>�+�� X +�> � ����������� +�> # ��������02� �
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We are thus processing the session 1110 of the year 1996. Then the Panel 6.4.1–1.3 is displayed:

P�� G��<-���-�� = 9����3��������0�>�+3��8�>�.�������0'+�1B ������.�0'��	5����8���/���
���8��

��4������2�����������'&,�������F�������,�! �"B
�����
5����
�
,0'+�1�M > �2>�� X S*0 �
.��2 ���������������������� ��	������3
,0!/�� X�� � �'�! J�������2 �)�� #C�$N)������������3K����2���:�,����)��

Here is where we are prompted for the
� � � parameter. After we accept this panel, the BPE starts

to run (whether the BPE runs in the foreground or background depends on the setting of the � ���
 � ��
�
 option in Menu 0.1 ). First the PCS will read the PCF file specified and check to make
sure that the option directories of all scripts are present. It will also do some basic error checking
to make sure that the PCF file is consistent. Then the PCS will remove any protocol files for the
year and session in the campaign OUT directory ( � 	�����
�� �  � ��	�������� in this case) and log files in
��� ��� ����� � � ��	 . The PCS will then check the status of the scripts and decide if a script needs to
be run. Since the PCS just started, the scripts in the PCF file will show up as not being started or
finished:

� �� ��>28�������.���� .�>2/ �2����������)5���  ����)5����4?GF-2T$ G L <- L /���
J-2T�T�P�,0!�5��
���
����J0'+���8�.�+�[�
�,0!�F����- 
�\���.�8*0'��
3+�>�\�>���
�� ��
���8�
���� :�3��+������ :�
�,0!�F����6�
�\���.�8*0'��
3+�>�\�>���
�� ��
���8�
���� :�3��+������ :�
�*0'	�	�8���+��,0!� -

The status of which scripts are being run is listed. The displayed process list includes the PID of
each script, the option directory for the script, whether or not the script has been started and whether
or not the script has finished. There are three possible flags for 
���������� � : � (false) means that the
script has not been started, 	 (partial) means that the script has been partially started (only for
parallel scripts), and � (true) means that the script has been started. For � ����� � , there are only two
possibilities: � if the script has not finished and � if the script has finished. The above output tells us
that no script has been started (or has finished). After the BPE starts the first script, we will see the
lines change to:

�,0!�5����- 
�\���.�8*0'��
3+�>�\�>���
�� ��
���8�
���� �
���+������ :� ��,0!�5����6�
�\���.�8*0'��
3+�>�\�>���
�� ��
���8�
���� :�3��+������ :�

Note that any script that is running ( 
���������� � � � � ����� � � � ) will have a “
�
” symbol to the right

to allow the user to quickly see which script is running.

Since the second script in the PCF may only be started after the first one has finished, there is
nothing to do for the PCS but to wait for it to finish. Thus the PCS sleeps for 30 seconds (default
value). When it wakes up, it will again check the status of the scripts.

After the PCS has finished, we can take a look at the log files which will be in ��� ��� ����� � � ��	 :
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����E*����� �����2D� ,���2 ��B M�G�6 � � �2) � 
�������
�>���\�
�/������E*����� �����2D� ,���2 ��B M�G�6 � � ��� ���������������P
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� ��G�Q3����4?GF-2T$ G�P���.���	�>�.���� +���/
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� -26���P3����4?GF-2T$ G�P���.���	�>�.���� .����
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� G�Q��3����4?GF-2T$ G�P���.���	�>�.���� ��
�>
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� -26��3����4?GF-2T$ G�P3����T�P�-�-�-2��� ����6
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� -26��3����4?GF-2T$ G L ����T�P�-�-�-2��� ����-���	
����	
����	
�� - �����2D� ,���2 5�,������� 6�G�����"36�-�-2�$ 6�G3�B ��X �2D��!&,��� ����� �����

The files that start with 	� �����  � are temporary files used by the BPE. The two files that have the
extension � � ��� resp. � � ��� are the log files and contain all the output generated by the script that
would normally go to the screen. Since the � � 
  � ��	 � echos information, we will find what the
script echoed in these files. This is very useful for the debugging of scripts. If the script itself were
to have an error, then this error would appear in the log file and not in the protocol output file (see
below).

Here is the content of
� � ��������� � � � ��� :

����E*����� �����2D� ,���2 ��B M�G�6 � � �����5����T�P�-�-�-2��� ����6S���������8  ���24��,�! �"3����+��,�������:�����!& �2D��!&,��� �����2D� ,���2 ���1�����������8���>���
���+�>�\�>���
��
�\���.�8*0'��
B%���������,�! �"
��������0�>�+ 02�5-�-�-2�M�\�>502�:S*0

�\���.�8*0'��
B �� �),�! �"

If we go to the campaign ����� directory, we will see the protocol output files:

����E*����� �����2D� ,���2 ��B M�G�6 � � �2) � ����
���
�\�.���/�����>2��
����E*����� �����2D� ,���2 ��B M�G�6 � � ��� �����
����������6
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� L ��G3����4?GJ-2T$ G�P�����T�P�-�-�-2��� ����6
�'�	
 �'�,W�W'�,W�W - �����2D� ,���2 5�,������� L ��G3����4?GJ-2T$ G L ����T�P�-�-�-2��� ����-
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These files contain information that is written by the basic BPE scripts:

����E*����� �����2D� ,���2 ��B M�G�6 � � �����3����T�P�-�-�-2��� ����6��8�>�
�>�.�>�	��*0'	�����>2859����3��.�8*0'��
W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
��.�8*0'��
3+���/�� N
�\���.�8*0'��

������8 @T�P��������0�>�+ C-�-�-2�.���/����,0'1�+ N
���
�\�.���/��.���/����,0'1�+3����
�S N�B��>���
,0�>�+��*0!8���.�
�>28�� N+�>�\�>���
����8�>�.������J0!� @����6����9���8�>�.������J0!� @����6.���� @.����*-����
�S3
�> ��>28�����8����  �2D��!&,��� �����2D� ,���2 ���1�����
���/���������
�>�������-
����
�� 
,0!/�� ��
�����8�>�1�8���/ /���������1��W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W��G��2�������2T�P(-2T$ G�P$ ����/���1�
�\���.�8*0'��
5��8�>�.������3��
���8�
������G��2�������2T�P(-2T$ G�P$ ��=�/���1�
�\���.�8*0'��
5��8�>�.���������+������W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W�W
����E*����� �����2D� ,���2 ��B M�G�6 � �

From the time tags of the start and end messages, we see that the script only took 3 seconds. When
the last line of the protocol file is written (the 	 ���  ��
�
 � ����� � message), the PCS will know that
the script has finished.

The 	 ��� � ��� 
 ���� ����� � tells us where the BPE has set up a temporary work area to run BPE
programs. Normally the Bernese menu system runs in the ������
 ���� area and expects to find program
input panels and other input files in directories under ��� . Since the BPE can run more than one script
and thus more than one Bernese program at a time, each script must have its own area for input files
and panels so that programs running at the same time do not overwrite panels that are in use. The
first thing the BPE does when it starts a script is to look for a free temporary directory with the name
��� ��� ������������� where ������� is a number. First it starts with

� � ���
and increments this number until it

finds a free area. If it cannot find one, then it creates a new one. For the simple PCF file � � 	� � � 	� � ,
there is only one script running at a time, so there will only be one � ������������� directory required,
since the second run of � � 
  � ��	 � can safely use the same area. From the protocol file we can see
that the BPE used the directory ��� ��� ����� � � ��� .
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If we go to this directory ( ��� ��� ����� � � ��� � 	 ��� ), we can see the panel files that were used. We repro-
duce the panel ����� � � ����� � 	 ��� here:

-�� L �<- ��8�>�.�������0'+�1B@�*0'	���+���/��5����8���/���
���8�����>283����
�>2/���
,02.3��8�>�.�������0'+�1

�������,���2 5�������'&,��������� � ��
���
,0�>�+,-�X � � ��
���
,0�>�+�65X �� � � 
*����� A��5����������6 ���'D����J�2�����,���2 F��A�A�����K$# � ��
,� ���:G����'D����3��A�A�����K��
G����'D��������2�����F�������'&,��������� 
� .��*- X � � .���6 X �� .���= X � � .���G X �

= ���'D��������2�����F�������'&,��������� � �*- X3-�-�- � � ��6 X �
� ��= X � � ��G X �

6 ���'D��������2�����F�������'&,��������� 
� / X���G � � >ZX S*0 � � 
 X:6�� �� � X � � M X � � � X �
� [ X � � � X�T�P � � � X �

P ���'D��������2�����J�����������2 5�������'&,��������� � � � ������� 
���)�� 
� ��8�����- X:T�P�-�-�-2� ��� �2� � � ��8�����6 X�T�P�-�-�-2� �� ��8�����= X � � ��8�����G X �
� ��8����,- X:T�P�-�-26�� � � ��8�� ��- X�T�P�-�-2��� �
� ��8�����6 X:T�P�-�-2=�� � � ��8�� �26 X�T�P�-2��T�� �

L ���'D��������2�����J�����������2 5�������'&,��������� � � � ������� 
���)�� 
� ��8��*- X:T�P�-�-�- ��� �2� � � ��8���6 X�T�P�-�-�- �
� ��8���= X � � ��8���G X �
� �����,- X:T�P�-�-26 � � ��� ��- X�T�P�-�-2� �� ������6 X:T�P�-�-2= � � ��� �26 X�T�P�-2��T �
� 1����*- X:����G�T�P ��� �2� � � 1�����6 X�����G�T�P �� 1����,- X:��� L ��� � � 1�� ��- X�����G�T L �
� 1�����6 X:��� L ��- � � 1�� �26 X�����G�T�G �

G����'D��������2�����J�����������2 5�������'&,��������� � � � ������� 
���)�� 
� ����- X3-�-�-2� ��� �2� � � ����6 X5-�-�-2� �� ����= X � � ����G X �
� ���,- X3-�-26�� � � � ��- X5-�-2��� �� ����6 X3-�-2=�� � � � �26 X5-2��T�� �
� 1	�*- X:����G�T ��� �2� � � 1	��6 X�����G�T �� 1 �,- X:��� L � � � 1���- X�����G�T �
� 1 ��6 X:��� L � � � 1��26 X�����G�T �

G����'D��������2����� ���������������'&,��������� � � � ������� 
���)�� 
� � ��- X3-2T�T�P ��� �2� � � � ��6 X5-�-�-2� �� � ��= X � � � ��G X �
� ���,- X3-2T�T�P � � � ��- X5-2T�T�P �
� ����6 X3-2T�T�P � � � �26 X5-2T�T�P �

Notice that the BPE automatically filled in many of the ����� � � ����� � 	 ��� $-variables and the ���
variable. All these variables may be used in the option panels.

22.6.2 Running Bernese Programs in BPE Scripts

In order to do something useful, scripts that are run by the BPE must be able to run Bernese pro-
grams. To do this, the user must run a special script � 
 ��
  � ��	 � �� ��� � 	�� � 
 and set the variable
	�� ����� � , where 	�� ����� � is the name of the Bernese GPS program to be run. For example, the fol-
lowing two lines would execute the Bernese program SNGDIF:
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��1�/�+���/���'��+�1��*0!���
� � [�����.�8*0'��
��28���+�\���1�/��

Note that the � ��� � 	�� � 
 script must be “sourced” (command “.”) and not executed as a separate
shell.

For the VMS version the corresponding lines would be:

� ��1�/�+���/ ���'��+�1��*0!���
� � [B�� ��.�8*0'��
���8���+�\���1�/��

All the panels that are required by the program to be executed must be contained in the option
directory that is specified in the PCF along with the script that is running the program. For example,
if you want to run the program SNGDIF, you could have an option directory named:

������� 	 � ��
�� ��� � ��� �
( 
�� ��� � ��� � could stand for SNGDIF with NoRMal settings). In this directory all the panels that are
used by SNGDIF would need to be present and filled out with all options that are needed.

Then in the PCF we would have:

�,0!�5��.�8*0'��
 >���
�\2�*0!8 .���/����,0'1�+5.���� � ���,0'
���>28��������
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�
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�=�
�
�=�
�
����Q���+�1��*0!� ���*0!��\�+�8�/ �� �� - ����P


The names of the Bernese GPS programs may be found by looking at the settings in Menu 0.2 ,
e.g., for the processing programs in Menu 0.2.4 :

��� 6 �'G ����������	�
��$ ��8�>�.�������0'+�15��8�>�1�8���/5+���/����

������4��������������! �"B.�>2������8�����8�>�.�������0'+�1 X�.�>2��.�S�� ���0'+�1�	��3��>�0'+�
���>���0'
,0�>�+,0'+�1 X�.�>2������� ���0'+�1�	����*0!������8���+�.��3�*0'	���� X���+�1��*0!� �>�	��3��S���������8�����8�>�.�������0'+�1 X�>�9���
���- �+��	�3��S���������8�����8�>�.�������0'+�1 X /�������8�� �
���������������! �"B����8���/���
���85����
,0!/���
,0�>�+ X:1���������
 �0�>�+�>�����S���8��5����
,0!/���
,0�>�+ X50�>�+�����
 ������3+�>28�/���	3���2����
,0�>�+�� X:������+����	������3+�>28�/���	3���2����
,0�>�+�� X:������+�����6 �
������D5��� ��D���������"����'&O� XR[�1B�� �

For most of the Bernese programs, the 	�� ����� � variable is set to the name of the GPS program.
The name of the corresponding menu program — used to prepare the run of the GPS program—is
then obtained by adding “

� 	 ” to the program name (e.g., CODSPP 3 � CODSPP_P). There are
several programs, however, where the name of the menu program is different from the name of the
GPS program after adding “

� 	 ”:
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��1�/�+���/���'.�.�8*0'+���[�>�� � 8��� ,� &,�� ���4�����"����'& .�.�8�+�[�>�\��5�� �)�1����:4�����"����'& .�.�8*0'+���[�>��1�/�+���/���'.�.�8*0'+���[�+�� � 8��� ,� &,�� ���4�����"����'& .�.�8�+�[�+�\��5�� �)�1����:4�����"����'& .�.�8*0'+���[�+��1�/�+���/���'.�.�8*0'+���[�1�� � 8��� ,� &,�� ���4�����"����'& .�.�8�+�[�1�\��5�� �)�1����:4�����"����'& .�.�8*0'+���[�1��1�/�+���/���'.�.���8���>28�9�� � 8��� ,� &,�� ���4�����"����'& .�.���8���+�\��5�� �)�1����:4�����"����'& .�.���8���>28�9��1�/�+���/���!��8���
���9�� � 8��� ,� &,�� ���4�����"����'&(9�8���
���9�\��5�� �)�1����:4�����"����'&(��8���
���9��1�/�+���/���'����
�/�8���� � 8��� ,� &,�� ���4�����"����'& ����8�M�>�9����1�/�+���/���!������+���6	� � 8��� ,� &,�� ���4�����"����'&(������+���6�\��5�� �)�1����:4�����"����'&(������+�����6

22.6.3 The Panel Files

Before running the BPE all the options in the panel directories used by the BPE scripts have to be
set correctly. For example if we want to run the program SNGDIF, we have to fill out all panels
that are used by SNGDIF. The SNGDIF program is started using Menu 4.3 which means that all
panels required by the SNGDIF program start with ����� � ��������� 	 ��� . (Use the command “ � 
 ” after
starting the Bernese menu system with “ � ” and enter the menu program name (e.g., SNGDIF_P)
to obtain the menu and submenu options for a specific program).

If we want to use the option directory 
�� ��� � ��� � to hold options for SNGDIF, then we have to
make a directory ������� 	 � ��
�� ��� � ��� � and put the basic panels for the menu system (e.g., ����� � � � 	 ��� ,
����� � � ����� � 	 ��� , . . . ) and the ����� � � � panels in this directory. We can save some work by letting the
Bernese menu system do this for us. If we have a PCF written that uses scripts and option directories
corresponding to these scripts, then we may use Menu 6.1 to create the option directories and
automatically copy all needed panels there. Menu 6.1 may also be used then to modify the options
in these panels.

For example, add these lines to the simple script � � 
  � ��	 � (in the � � 
  � ��	 � ����� � section):

��1�/�+���/���'��+�1��*0!���
� � [�����.�8*0'��
��28���+�\���1�/��

and then change � � 	� � � 	� � to be:

�

� ��������������.��2 ����������*�����
� .��!&�&,�� ���� 
� �� ��5���! �����D����F�2��������� 
*�'��D5� � ��� �5���!&�&,�� ��F���! ��
�

��,0!�5��.�8*0'��
 >���
�\2�*0!8 .���/����,0'1�+5.���� � ���,0'
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Now we have a PCF that uses a script that actually calls a Bernese program. Note that it is not very
useful, but it will demonstrate how to setup option panels for BPE scripts.

Assuming that ������� 	 � ��
�� ��� � ��� � does not exist yet, we can create a new option directory using
Menu 6.1 :

P��<- 9����B ����	���.�
���.��3�*0'	��

0! �4������*������� ��8�>�.������3.�>�+�
�8�>�	3�*0'	�� X:
 ��.�� � � A����� �E5�����F���������2�,���2 J�����2���
0! �4����5>24��,���2  � +��	�B#N�*0'[$#@��������
��F����.�>��	�F���,���2�,�! �"F>24��,���2 ,���0�>���
 X:+��	� � � +��	�B#N�*0'[$#@��������
��$#C���3.�>��	� �

Then all scripts in the PCF will be searched to see if they run any Bernese programs. In our simple
case we get:

P��<-���- 9����3��8�>�1�8���/5+���/��3����	���.�
,0�>�+

� ������"����'& >���)��*�'�����2������� +���
��*�'�����2�������
X �HX���+�1��*0!� �HX � ���>���
���9���� ����+�� �HX � ���>���
������*0!� +�8�/�� �X �HX �HX �HX �

This is telling us that the program SNGDIF is being run using the option directory
������� 	 � ��
�� ��� � ��� � . The directory ������� 	 � ����	�� � 	 ��� (under Old Directory) is the directory that
will be used to get the first version of the panels from. In the normal software distribution the op-
tion directory ������� 	 � ����	�� � 	 ��� does not exist. The user may create it and copy all the panels in
his ����� 	 ��� directory to the directory ��	�� � 	 ��� or he may change the directory name given in the
Panel 6.1–1 under “Old Directory” to, e.g., ����� 	 ��� . If we select SNGDIF (by putting an “ 
 ” in

the first data field) then the directory ������� 	 � ��
�� ��� � ��� � will be created for us and panels copied
into that directory. After this we are prompted with the list of panels that go with SNGDIF:

� ���>���
������*0!� +�8�/�� ����	���.�
3����+���	���
�> ���*0'
���>28 @��+�1��*0!�

����
�G�= � ����+ZG��2�������2T�P?��8�>�.�������0'+�1B ��>28�/5��0'+�1�	����*0!���������
�G�=�- � ����+ G��2�������2T�PH��>28�/F��0'+�1�	����*0!������8���+�.����$ 0'+�����


We can edit any of these panels by selecting them (placing an “ 
 ” in the most left column). If we
select both, first the panel ����� � � ����� � 	 ��� , then the panel ����� � � ����� � 	 ��� will be displayed to us for
editing.

The basic panels of the menu system are — of course — also copied into the option directory
������� 	 � ��
�� ��� � ��� � . The most important of them is the panel for setting the general dataset names
Panel 0.3.1 . It will be used by most of the Bernese programs, but it is not displayed by the Bernese

menu system when it is located in the option directory. Therefore an external editor has to be used
to check and modify the entries in this panel:

� ��� � ������� 	 � ��
�� ��� � ��� ��������� � � ����� � 	 ���
Please be careful when editing the panel manually: never change the format of the panels!
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22.6.4 Panel Variables

In order to write generic scripts that will, for example, work with any given session, there must be
some mechanism to automatically supply Bernese panels with information that will change. To do
this, the BPE uses panel variables.

One of the first scripts that is executed in a BPE script is 
 � � � 
 ��
�
 . This script will make entries
into the Panel 1.5.1 and will set variables for the session being processed. Shown below is the
panel with values that are automatically filled in by the BPE (for session 1110, day of year 111, year
1996 in this example):

��� ��� � ���	��
��	��� �������	� �����������������������������	������������	����������
����	��
��	��� ��� ���� �!	����"	

�#�$�#	%�&�'(��$�)�$ *�+�#�+�)�,��
- ���������������. / - �������������01. / ����������������������������0
2 - %43	%�5�5�6	+�,�+�#�#�&70	8�9 :	$�);, #�$�#	%�&�'($�6�6�)�+�<�= - ��	%4#�&7>�8�9 :	$�)�$�6�6�)�+�<�?

>�8�9 :	$�)�$�9�#�+�)(��$�)�$ *�+�#�+�)�,��
- 
�"�� . / - 
�"�0 . / 
���"����@
���"���0
- 
�"�A . / - 
�"�> . / 
���"���AB
���"���>

A	8�9 :	$�)�$�9�#�+�)(��$�)�$ *�+�#�+�)�,��
- "�� .������ / - "�0 . / ��	������������	��������0
- "�A . / - "�> . / ��	��������A(��	��������>

0	8�9 :	$�)�$�9�#�+�)(��$�)�$ *�+�#�+�)�,��
- �C.4D�> / - �E.�F�� / - �C.40�D / 0�
�F�����8 �G0�
�F�����8��H0�
�F�����8 �
- �I. / -�J . / - !C. / 0�
�F�����8 �K0�
�F�����8 J 0�
�F�����8 !
-�L . / -  C.4M�N / -�O . / 0�
�F�����8 L 0�
�F�����8  G0�
�F�����8 O

N	8�9 :	$�)�$�9�#�+�);�+	,�,�%�&�'(��$�)�$ *�+�#�+�)�, 2 P 8�$�5�5�&�3�+�Q	?��
-�R �	���S.4M�N	������D P D�8�D / -�R �	��0T.4M�N	������D / N	8���	���UN	8���	��0
-�R �	��AV. / -�R �	��>W. / N	8���	��AXN	8���	��>
-�R �	 P �S.4M�N	����0�D / -�R �	�8��B.4M�N	����D�D / N	8���	 P �UN	8���	�8��
-�R �	 P 0V.4M�N	����A�D / -�R �	�8�0T.4M�N	��D�M�D / N	8���	 P 0XN	8���	�8�0

�	8�9 :	$�)�$�9�#�+�);�+	,�,�%�&�'(��$�)�$ *�+�#�+�)�, 2 P 8�$�5�5�&�3�+�Q	?��
-�R ��"�� .4M�N	����� P D�8�D / -�R ��"�0 .4M�N	����� / �	8���	���U�	8���	��0
-�R ��"�A . / -�R ��"�> . / �	8���	��AX�	8���	��>
-�R " P � .4M�N	����0 / -�R "�8�� .4M�N	����D / �	8���	 P �U�	8���	�8��
-�R " P 0 .4M�N	����A / -�R "�8�0 .4M�N	��D�M / �	8���	 P 0X�	8���	�8�0

- ��"� �� .4D�Y�>�M�N P D�8�D / - ��"� �0 .4D�Y�>�M�N / �	8 !�"��� ��U�	8 !�"��� �0
- ��" P � .4D�Y���D�D / - ��"�8�� .4D�Y�>�M�� / �	8 !�"� P �U�	8 !�"� �8��
- ��" P 0 .4D�Y���D	� / - ��"�8�0 .4D�Y�>�M�> / �	8 !�"� P 0X�	8 !�"� �8�0

>�8�9 :	$�)�$�9�#�+�);�+	,�,�%�&�'(��$�)�$ *�+�#�+�)�, 2 P 8�$�5�5�&�3�+�Q	?��
- ��� .�������D P D�8�D / - ��0 .�������D / >�8���	���Z>�8���	��0
- ��A . / - ��> . / >�8���	��AH>�8���	��>
-  P � .�����0�D / - �8�� .�����D�D / >�8���	 P �Z>�8���	�8��
-  P 0 .�����A�D / - �8�0 .���D�M�D / >�8���	 P 0H>�8���	�8�0

- ��!�� .4D�Y�>�M P D�8�D / - ��!�0 .4D�Y�>�M / >�8 !��������Z>�8 !�������0
- � P � .4D�Y���D / - �	8�� .4D�Y�>�M / >�8 !���� P �Z>�8 !�����8��
- � P 0 .4D�Y���D / - �	8�0 .4D�Y�>�M / >�8 !���� P 0H>�8 !�����8�0

>�8�9 :	$�)�$�9�#�+�)( �+�$�)���$�)�$ *�+�#�+�)�, 2 P 8�$�5�5�&�3�+�Q	?��
-�R�R � .���M�M�N P D�8�D / -�R�R 0 .�������D / >�8  ��������Z>�8  �������0
-�R�R A . / -�R�R > . / >�8  �������AH>�8  �������>
-�R�P � .���M�M�N / -�R 8�� .���M�M�N / >�8  ���� P �Z>�8  �����8��
-�R�P 0 .���M�M�N / -�R 8�0 .���M�M�N / >�8  ���� P 0H>�8  �����8�0

The 
 � � � 
 ��
�
 script does not set all the values in ����� � � ����� � 	 ��� , but only those that are likely to
be used by most of the scripts. This variable panel ����� � � ����� � 	 ��� is simply a means of setting some
generic values to be passed into other Bernese panels. The names of the variables are shown in the
main body of the panel and to the right (after column 80) the keyword for each variable is given.
The values of the panel variables are shown in-between the angle brackets. In the above panel, only
the PCF variable

� � � ( ��� ) has been set. Note that the variables ��� , ��� , � � contain the day, month,
and the two-digit year, respectively.

To use $-variables within Bernese panels, the variable name is used, �  � � for example. The key-
words are used together with the script named 	 �������� 
�� to set the values in panel ����� � � ����� � 	 ��� .
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22. Bernese Processing Engine (BPE)

For example, the �  � � variable is set using the keyword ������ � . The script 	 �������� 
�� is covered in
the Section 22.8.3.

Some sets of variables have the annotation “ ��� � ��������� � � � ”. This option allows to specify a range
of sessions. For example, it may be desirable to select files from more than just one session in a
specific program run. A gliding comparison of coordinate files from, e.g., the last 7 sessions using
the program COMPAR is a possible example. In this case you may use, e.g., “

����� �
�
� � � ” for the

value of ��
�
 � etc. When the � option is used the BPE will correctly adjust the day of the year and
the year, accounting for transitions between the current and next or previous year. Remember that
the format of a 4-digit session is to have the day of the year as the first three digits followed by the
1-character session identification within the day. To make use of the � option you have to specify
the variables

� � 	�� � 
 and
� � � ��� � 
 in the PCF file:

�����M���8*0'��9�	���������.�8*0'��
,0�>�+ ����������	�
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F6�
M�\�> ����8�>�.�	����F>28�9,0'
��*0'	��3+���/�� S*0 6M�\���	����Z��	����7���	��� ��� 6M�\2/*0'+����7/*0'+��������	��� �2� 6

When starting the BPE using Menu 6.4.1 these variables will also be displayed to you (in
Panel 6.4.1–1.3 ) and you may change their values. The variables � � � � , � ����
�
 � , � ����� � , � � � � � ,
��
�
 � , and � � 
 � will then contain the � values (e.g., “

��������� �
�
� � � for � ����
�
 � , if

� � 	�� � 
 � � ,� � � ��� � 
 � � ), whereas the variables � ����
�
 � , � ����� � , . . . will NOT include the � parameters (e.g.,
“
��������� �

” only for � ����
�
 � ).

The definition of ranges of sessions may generate some strange behaviour if more than one session
per day is defined in the session definition panel ( Panel 1.3–2 ). We therefore recommend to define
only one session per day (see example below) if you want to make use of session ranges.

-�� = �26 .���/����,0'1�+��$%��������0�>�+������*0'+,0'
,0�>�+

��������0�>�+3+���/�9���8 ��
���8�
�����
�� ��+�������
��
 � � � ��� &�&5)�) D�D:&�& ��� ��� &�&F)�) D�D:&�& ���

X ����� �	� X ��X:�����������	�ZX ��X:6�= L T L T	�

If any of the special variables are set (
� � � ,

� � 	�� � 
 , etc...) then the 
 � � � 
 ��
�
 script will also set the
appropriate variables in ����� � � ����� � 	 ��� .

22.6.5 Parallel Scripts

In this section we describe how to implement parallel processing into the scripts. The examples are
given in UNIX Bourne shell. The VMS user are referred to the example in 
 ����� 
 � ��
  	 ��� .

The example PCF contains a parallel script for the solution of the phase ambiguities using QIF. The
corresponding parts in the PCF are shown below:
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�,0!�5��.�8*0'��
 >���
�\2�*0!8 .���/����,0'1�+5.���� � ���,0'
���>28��������=�
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��- ��1���� ��0!�����3����8�>�\ ��0!� �� �� - ��-2Q��-2T�1���� ��0!��\��3����8�>�\ ��0!� �� �� - ��- ��,0!��������8 ����������>28��F����8���/*- ����8���/�6 ����8���/�=Z����8���/�G ����8���/ L ����8���/�P=�
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The script ��	�
������ ��	 in the first step ( 	 ��� ��� �
) writes all files to be processed into a temporary file

(see Section 22.5.2) whose name is available within the script as � 	 ����� � � . The part of the script
where the file is written looks like

�
� �&� ��� � ��� 
 � �� � ��� �� �	�����
���������������������������������������������
�
� ����� � � ���	�
� � ����������� � ����������������������������������������������������������

 %'! � � � � ����$! � � � ��� � � � "� � � "�� ! � � � � � � � 	 � � ��
� � �&� ���������� ����� ��� � �&�������
����� � � �����  ��� �&� � ����������������������������������������������������������������������������������������������

� ���
�������������! � � � � ��������	! � � � � � � � ��� "� � � "�������� ��! � � � � � � ��� 	����&���
�������  � � ���
�������

� �  ����� � ��� ��� � �&�������
����� � � �����  ��� �&� � ������� ������� � ����%�� 	 � ������������������������������������������������������������������������������������������������������������������������
�
�  � ����� ��� !&� ���
������� �

����������!&� ���������	��!�� " � � � � � � � " ! ��� 
 � � ���� �����
�����������������������������
� ��� � ��������  ����������������������������������

The PCS reads the temporary file and starts the script ��	�
������ � 	 ( 	 ��� �����
) for each line in

the file (i.e., for each single difference observation file). The line is routed as � 	 ����� � � into the
script. The parallel script ��	�
������ � 	 puts the name of the single difference observation file (e.g.,
	 �	����� � ������� ������
�� ����
�� ��� � � � 	 � � ) into the input panel of the program GPSEST and runs it to
solve the ambiguities for this baseline. The body of the script ��	�
������ � 	 is:
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�
� �F������(�
���� ����8 ���������	��"� 
���������������������������������������������
�
� "�+��	% '	+�#�:	+4'	$ *�+�&��7#�:	+
	�)�&���)�$ *
�
�������������� ���	��	���
+���		&�)�#������������

�
� ��+�#�#�3�&7#�+ *�		&�)�$�)����	%�5�+4'	$ *�+	,�� ,�% '���#�:	+
	�)�&�9�+	,�,�� " 2 -�- ?
�������������������������������������������������������������������������������������������������������������
#�*�	�%�Q�� -�-
+���		&�)�#�#�*�	�%�Q

�
� ��, #�#�+ *�	 ���	%�5�+�%�, '	$ *�+�Q� #�*�	��	%�5���
�������������������������������������������������������������������
#�*�	��	%�5����� #�*�	 �� - #�*�	�%�Q� � #���#�
+���		&�)�#�#�*�	��	%�5��

�
� 0�'	Q7#�+ *�	 ���	%�5�+�%�, '	$ *�+�Q� #�*�	��	%�5�0�
�������������������������������������������������������������������
#�*�	��	%�5�0��� #�*�		A� - #�*�	�%�Q� � #���#�
+���		&�)�#�#�*�	��	%�5�0

�
� ��)�&�9�+	,�,7#�:	+46	$	,�+�5�% '	+ 2 �	%�<�+�'�6��7������������?
�������������������������������������������������������������������������������
+�9 :	&
	�)�&�9�+	,�,�% '��� - ������������

�
� � ,�+7#�:	+
	�)�&���)�$ *� ���	���� ��4#�&7+���#�)�$�9�#�#�:	+4'	$ *�+�&��7#�:	+�,�% '��	5�+�Q�%���� ���	%�5�+
� 2 +���$ *�	�5�+�� ��������������� � ��"	��
���>	0 �������	�������!�����N���D�� � O F ?
�������������������������������������������������������������������������������������������������������������������������������������������
+�9 :	&� - �������������.� - #�*�	��	%�5���
-�L ��� L �����������1���	���� �� - #�*�	��	%�5���� - #�*�	��	%�5�0�
,�+�#�+�)�)

�
� ��:	+7<�$�)	%�$�6�5�+� �	%�5�+ )�79�&�'�#�$�% ' ,7#�:	+��	%�5�+7'	$ *�+�&�'�5��
� 2 +���$ *�	�5�+����	%�5�+ )����	��!�����N���D	?
���������������������������������������������������������������������������������������������������
�	%�5�+ )���� 9�$�#� - #�*�	��	%�5�0���
+���		&�)�#��	%�5�+ )
+�9 :	&��	%�5�+ )(%�,  - �	%�5�+ )�

�
� ��:	+7<�$�)	%�$�6�5�+� �	%�5�+ )�>��9�&�'�#�$�% ' ,7#�:	+46	$	,�+�5�% '	+1� "�&�'�5��
� 2 +���$ *�	�5�+����	%�5�+ )�>����	��!���?
���������������������������������������������������������������������������������������������������������
�	%�5�+ )�>���� +�9 :	&� - �	%�5�+ )��! 9 ��#(8�9���8 >"�
+���		&�)�#��	%�5�+ )�>
+�9 :	&��	%�5�+ )�>(%�,� - �	%�5�+ )�>�

�
� � ,�+7#�:	+
	�)�&���)�$ *� ���������� �!���7#�&�	���#�#�:	+7<�$�5 �	+�&���#�:	+7<�$�)	%�$�6�5�+
�  - �	%�5�+ )�>��% '�#�&�#�:	+�		$�'	+�5� "��������	� �������$�'	Q *�$�#�+�%�#�$�<�$�%�5�$�6�5�+
� $	,�<�$�)	%�$�6�5�+� - 
�"�>�7% '�#�:	+���+�)�'	+	,�+(% '�	���# 		$�'	+�5�,��
���������������������������������������������������������������������������������������������������������������������������
	�	 ���� - ������������"��������	� � ������
+���		&�)�# 	�	 �
	�		0��� 
���"���>�
+���		&�)�# 	�		0
	�		A���� - �	%�5�+ )�>��
+���		&�)�# 	�		A
� -�L ���
���� ���������������� �!��
,�+�#�+�)�)

�
� � ,�+7#�:	+
	�)�&���)�$ *� ����� �����	�4#�&4)���'�#�:	+�*�+�'���$�'	Q�*�$�% ' 	�)�&���)�$ *;&������	��	��
�������������������������������������������������������������������������������������������������������������������������������������������
� -�L ���
���� ����������� ������
,�+�#�+�)�)

�
� )�+ *�&�<�+�#�:	+7#�3�&7#�+ *�	 ���	%�5�+	,
�����������������������������������������������������
Q�& )�*$ - #�*�	��	%�5���
Q�& )�*$ - #�*�	��	%�5�0�

�
�����������������������������
� +�'	Q7#�:	+�,�9�)	% 	�#
�����������������������������

The programs PRSLIN and PUTKEYWE are described in the Section 22.8. After running the
program PUTKEYWE the panel ����� 	 ��� ������� � � ����� � 	 ��� has the following new entry (Please keep
in mind that this panel is located in the ��� ��� ������������� � -environment of the script):

��� ��� � ���	��
��	��� �������	� �����������������������������	������������	����������
����	��
��	��� ��� ���� �!	����"	

� �
� �
>�8�9 :	$�)�$�9�#�+�)(��$�)�$ *�+�#�+�)�,��
- 
�"�� . / - 
�"�0 . / 
���"����@
���"���0
- 
�"�A . / - 
�"�> .��	��!�� / 
���"���AB
���"���>

� �
� �
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The variable �  � � may be used in the panels of GPSEST to select the baseline for processing in
Panel 4.5 as well as to name the program output ( Panel 4.5.0 ), or to put the baseline ID into the

title line ( Panel 4.5.1 ). As an example the selection of the baseline in Panel 4.5 (located in the
option directory ������� 	 � � � ����� � ����� ) is shown below:

> � � ���	��
��	��� ����� �����������������(�	���� �����������

� �
� �
� '�	���#���%�5�+	,��
��F��	�� O � "�������� . �	� / 2 �	��= %��7'	&�#
� ,�+�Q�� 6�5�$�'�#���&�)(,�+�5 � 5�%�, #�?

���"�� O � "�������� . �	� / 2 �	��= %��7'	&�#
� ,�+�Q�� 6�5�$�'�#���&�)(,�+�5 � 5�%�, #�?
��F��	��( � "�������� . - 
�"�> - ��01/ 2 �	��= %��7'	&�#
� ,�+�Q�� 6�5�$�'�#���&�)(,�+�5 � 5�%�, #�?

���"��G � "�������� . �	� / 2 �	��= %��7'	&�#
� ,�+�Q�� 6�5�$�'�#���&�)(,�+�5 � 5�%�, #�?

� �
� �

It is not always best to process each baseline (or station) separately. In some cases it might be prefer-
able to form groups of baselines (or stations). We give a simple example of how to implement this
grouping into a parallelization script. The program CODSPP may run station by station because
the single point positioning using the code observations is only station dependent. It is, therefore,
possible to use the script presented above for a station-wise parallelization. We show in the follow-
ing how to set-up the parallel processing in groups of five stations. The parallelization is performed
in the usual way (not part of the BPE example):
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The script �����
 	�	 ��	 ( 	 ��� � � � ) defines the groups of stations. It writes the names of the code
observation files belonging to one group into “cluster-files” whose names are written into the file
references by ����� � � . The code of this part of the script �����
 	�	 ��	 may look like:
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�� �����

�	%
�
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The PCS reads the content of the temporary file referenced by ����� � � . Each of the cluster file names
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( � � ��	�� ) will be routed as � 	 ����� � � into the parallel script �����
 	�	 � 	 which copies it to the selection
list name and executes the program CODSPP:

�
� �&� ��� � ��� 
 � �� � ��� �� �	�����
���������������������������������������������
�
� � ��� ���� ���� � � % � ��� ���� �  ���  � %�

� ��� ��� � ����� ��� � ��� �
�������  � � ��� ��� ��

� �  ���&����� ���� ��� ��� ��� �� � ������� 
�� ��� 
 � � ������������������������������������������������������������������������������
������� �  ���&���������
�	��! ��� 
 � � ����

� � ����  � ��� � � ����� ��� ��� � � ������������������������������������������������������
 % � � ��� "��	��
�$" � � "�� � ��� 	 � ���
��� ��! ��� 
 � � ��� ��� "��	��
�$" � � "�� � ��� 	 � ����

� � �&� ���� �  ���  � % � 
 � � � ��� ��� ���  ��� ���� % ����� � � � % � ��� �  ���  � % ��� � ��� � � ��������������������������������������������������������������������������������������������������������������������������������������������
	 ! � " ��� 
 � �� "�
 � � � � � �
�&�&��� ��

�����������������������������
� ��� � ��������  ����������������������������������

In order to force CODSPP to use the selection file ���	��
 ������  ��� � ����� � 
 ��� the option
“SELECTED” must be used for the code observation file in Panel 4.2 in the directory
������� 	 � � � �����  � � 
 :

> � 0 ���	��
��	��� ����� 
���"������	��
��	��� ���

� �
� �
� '�	���#���%�5�+	,��

���"�� .7�������
�����"1/ 
�������"�� �������	 .�� ����� - � -  1/
���	����"�
��	�� .��	� / �������"�����"1������� � . - � -�R ��"�0�/
��
�
�����������
	� ��� �	 .��	� / ������������ ���(
��	��
��	�. - � -�R ��"�0�/
���	���	� � �	���� �������	�.��	� /

� �
� �

22.6.6 The Clean Script

In the � 
 � ��
�� directory there is a simple script named  ��� ��� . This script can be used to delete any
left-over temporary files that the PCS may have created on previous runs and will make sure that the
	� �� ��� �� 	 � is initialized to show that no jobs are running. The clean script can only be run if no
PCS’s are running. If it is run while a PCS is running, the PCS will crash since temporary files that
it is using will be deleted. To run the clean script, the user on a UNIX platform can use the Bourne
shell dot command:


�� � � � � � � ������
������ � � � � � �� �  ��� ���
On a VMS systems the corresponding command is:

& 
 ��� ��
����� ��� ���
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22.6.7 Starting PCS From the Shell or System Prompt

As seen previously, the user can start the BPE using Menu 6.4.1 . In some cases it may be desirable
to start the BPE from a shell or shell script (UNIX) or from the system prompt (VMS). One example
would be if you would like to run a BPE job every day at a given time. You could then set up a cron
job that starts a script. Here is an example of starting the BPE from a shell:

First we change directory to the ������
 ���� area, and then we start the PCS specifying the PCF file
(here ��� � � ������ 	� � ), the desired campaign ( ��� 
 �  � ��	 ), the year (

� � ), the session (
� U � � ), and pos-

sibly other parameters.

UNIX Version:

����)���� �����2D� ,���2 ��B M�G�6 � � �2) � ��� ��>28������)���� �����2D� ,���2 ��B M�G�6 � � ��.���1���
�\�>28�95.���/����,0'1�+3+��	��\�.���/�� ������85T L ��������Q�-2�

VMS Version:

� ����
�����������	�
�� �� ��>28����
� � [B�� ��[�������.���� .�>2/J1���
�\�>28�95.���/����,0'1�+5+��	��\�.���/�� ������8FT L �����3��-2��-

Please be aware of the fact that PCF variables (variables defined in the third part of the PCF file) will
not automatically be set when using the command above. You have to explicitly add these parameters
when starting the PCS (e.g., by adding “

� � 	�� � 
 �
� � � � ��� � 
 � � ” to the PCS command above).

On VMS the maximum number of parameters to be passed to a DCL command file is limited to
8. To overcome this limitation you may specify a file as one of the parameters. The file may then
contain as many additional parameters as necessary. This might look as follows (this procedure is
also used by the menu system on both, UNIX and VMS systems):

� � [B�� ��[�������.���� .�>2/(1���
�\�>28�9 ������85T L ��������-2��- �:� ��<0'+�������.����<0'+��

The “ � ” indicates that the name of a file will follow containing additional input parameters for the
PCS. The file ����� ����	���	��
�� ����	 in this case might have the following content:

.���/����,0'1�++��	��\�.���/��M�\�>S*0M�\���	����
��6M�\2/*0'+����
��-

Further important keywords given either in the input file or in the command line are
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����
 � ��� ��� � ��� � The first two characters of the protocol as well as the log file are
� �

by
default. You may change them to another 2-character string using this
keyword.

��� ��� ��� ��� � Year of the actual session to be processed.

 � ��	 � ��� � ���  � ��	 � Campaign to be processed.


 ��
�
�� ��� ��� 
 ��
 � Session to be processed

	 ��� � To restart the PCS at a particular PID (e.g., after an error occured) use
	 ��� ����� where ����� is the PID of the first script to be executed.


 � ��	 � Add the PID or a list of PIDs to this keyword to skip the corresponding
scripts for this run.

 	 � � � ����� � Name of the CPU file without extension “.CPU”, if it is different from
“PCFCTL.CPU”.

� � 
 � � � � � � � � � � � � � � � �
�

� � 
 � � � 	�� � 
 � � � � ��� � 
 � � � 
�������� � � � � ��� � Content of
variables which may be used in the scripts.

� � ����������� � Additional variables may be defined freely. The length of the name of
such variables is limited to 8 characters; the length of the content is lim-
ited to 16 characters. The defaults values may be specified in the third
section of the PCF. These variables cannot be used in the panels. The
values of such variables may, however, be put into the panels using the
	 �������� 
�� command (see below).
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22.7 BPE Menu Items

We can access the BPE menu items through Menu 6 :

P 9����B >���
,0�>�+�/���+��
�$ �5.$ �

� ����+���	���������
�� ���4�)����������� ������:������+���
�8������������- ����+���	3���*0'
,0'+�1 I������4������F>24��,���2 3���� ������:������9����6 ��8�������8��38*0'+���[ I������4�������8*0'+���[��*�������:������9����= ��� ������.�0'��	3�*0'	���� I������4������5��4������2���:�*������� ������9����G ��� 9�������8�>�.�������0'+�1 I9��������������������! �" �<�����������2 (���3.��'&�4����'"� �L ��� 9����3����8�M*02.���� I9����3������K,�����3������"����'&O�

�� ������5���������2�,���2 

The menu items under this option allow the user to deal with panel files, PCF files, and to start BPE
runs.

22.7.1 PANEL UPDATE

This option ( Menu 6.0 ) can be used to update panels in one or more option directories. This is
useful when the panels for the Bernese programs are changed and new keywords (input fields) are
added to them (e.g., with a new release of the software or due to changes by the user). In this case,
new panels will be created that retain the settings for pre-existing parameters with new parameters
filled in from a master set of panels. This menu item is not thought to be used to change panel options
for the BPE. It should only be used if menu programs and input panels have changed. To modify
BPE options you should use Menu 6.1 . The first menu that appears under the 	 ������� ��	 �������
option is shown below:

P�� � 9����B@����+���	���������
,0'+�1

/����2�����3���� ������ ����+���	��*0!8���.�
�>28�� X:[B�������+�� �/�����
���85����+���	 X � � A����� �E5�����F���������2�,���2 (�����2���
���� ������:��� A�� ��4�)�������)B����+���	��*0!8���.�
�>28�� X � �������+�� � � +�>������������:),�'�����2�������3 ��'&,� �����*0!8���.�
�>28��F	,02��
 X:+�> � � +�> #NA����� �E5�����F����� � �����2���
��4�)������5>24��,���2 ,� ��������
�����.�>��	� X ��������
�� � � ��������
��F���3.�>��	� ���[,02��
,0'+�1�����	�	 X:��[,02��
,0'+�1 � � ��[,02��
,0'+�134��� ��������2 ����$#@��	�	�4��� ��������

Due to the fact that the BPE creates and uses a lot of panel option directories, this tool is essential to
maintain the hundreds of panels. Therefore you also have the possibility to update an entire list of
panel directories in one run. An example of such a list of directories may be found in � 
 ����� 
 with
the name ��
�� ��	���� � ��	 � . A detailed description of the options above may be found in the help panel
� 
 � ����	�������� ��������� � ����	 .
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22.7.2 PANEL EDITING

Below the panel for 	 ������� � � ��� ����� ( Menu 6.1 )is shown:

P��<- 9����B ����	���.�
3��.����*0'	��

0! �4������*������� ��8�>�.������3.�>�+�
�8�>�	3�*0'	�� X � � A����� �E5�����F���������2�,���2 J�����2���
0! �4����5>24��,���2  � +��	�B#@�*0'[$#@��������
��5���3.�>��	�F���,���2�,�! �"F>24��,���2 ,���0�>���
 X �*0'[ � � +��	�B#N�*0'[$#@��������
��$#C���3.�>��	� �

This menu item is the main tool to handle the BPE option panels. It allows the user to create new
panel directories and to modify the options set in the individual panels in a user-friendly way. In
addition to the name of the PCF file for which new panels have to be created or for which options in
existing panels have to be modified, the user selects one of the following options: ��� 
 , � � 
 , ��	 ������� ,
or �� 	� . The � � 	 � options will be explained below. Once a PCF file has been selected, all the scripts
specified in the PCF will search for Bernese GPS programs that are to be run and the program names
along with the option directories to be used with each of the programs will be extracted. Below is
an example of what the display might look like after a PCF file has been selected:

P��<-���- 9�������8�>�1�8���/5+���/��3����	���.�
,0�>�+

� ������"����'& >���)��*�'�����2������� +���
��*�'�����2�������
X �HX ��
���8�+�[ �HX � ���>���
��2��
�� >���
���� �HX � ���>���
��2��
�� >���
���� �X �HX ��
���>28�9 �HX � ���>���
��2��
�� >���
���� �HX � ���>���
��2��
�� >���
���� �X �HX�.�.�8�+�[�+ �HX � ���>���
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���8�+�[ �HX � ���>���
���1���
 /*02����� �HX � ���>���
���1���
 /*02����� �

� �������+��2����
�P�-�- � ����+ 8�����	���.��

Depending on how large the screen is, the user may see more lines at a time than shown above.
If not all lines are fitting on the screen, the missing lines can be viewed my moving the cursor to
the bottom line and then pressing the down arrow key. The lines will then scroll up the screen until
the end of the list is reached. In order to select individual lines, the user places an “ 
 ” in the first
column of each line that is desired. After all lines have been selected, the user types the continuation
character (see Section 3.3.2).

The first column is used to select panels to edit. The second column shows the name of the Bernese
program. The third column shows a source option directory and the last column shows a destination
directory. In the above example, the old and new directories are set to be the same directories. The
use of the old and new directory will be explained in the following sections.

When a program is selected, all panels that are related to the program will be presented to the user.
For example, if the � ��� 
�� line were selected, the user would be presented with the following:

� ���>���
���.�.�8�[ >�+�� ����	���.�
3����+���	���
�>:���*0'
���>28 @.�.�8�+�[�+
����
�6 L P�6 � ����+ 6�T �!/���8 �2T L .��2 ,�������� �������8*0'+���[3+���K,�'"����,���2 5�*������� � /����! ������������� ���� �����
�6 L P�6�-�� ����+ 6�T �!/���8 �2T L .��2 ,�������� �������8*0'+���[3+���K,�'"����,���2 5�*�������  0! �4����J-
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All the panels that pertain to the CCRNXN program are displayed. The CCRNXN program corre-
sponds to Menu 2.5.6.2 . The menu program will offer the user all panels that start with ����� � � ��� ,
since all of these panels will contain options for the program CCRNXN. In this case there are only
two panels offered. For more complicated programs (e.g., GPSEST), more panel names will be
displayed.

You may now select each panel you wish to edit by placing an “ 
 ” in the left most column. All
selected panels will then be offered to the user for editing, one after another. Once all panels have
been edited, the complete list of panels will be shown again. At this point the user can either select
more panels to edit, or exit by typing “ � ” in the first column.

22.7.2.1 Panel Editing FIX Option

This option is used if the user wants to edit the options in existing panels. For this option, the Old
Directory column will be the same as the New Directory column. If the directory name in the Old
Directory column is changed, then the panels there will be copied to the New Directory before the
panels are edited. Usually, however, the Old Directory column is not used with the � � 
 option.

If the options in one of the default panels have to be changed (e.g., the pole file in the Panel 0.3.1 )
the user has to edit the corresponding panel “manually” and cannot make use of Menu 6.1 (default
panels are not displayed there).

22.7.2.2 Panel Editing UPDATE Option

When this option is selected, the panels in the New Directory will be updated with the panels in the
Old Directory before panels are edited. The Old Directory column will be filled in with the value
���	��� 	 � ����	�� � 	 ��� . Updating a panel means that any new fields in the source panel (Old Directory)
are added to the target panel, but any selections existing in the target panel are left unchanged. For
example, suppose a new DATA CENTER was added for the IGS precise orbit panel ����� ��������� � 	 ��� :

6�� ��� 6 ��
��B 0'1�����8���.�02���F>28�9,0'
��*0'	����

.���/����,0'1�+ X30'1���
�����
 � � A����� �E5�����F���������2�,���2 (�����2���
��� 
� �������)F>24��,���2 ,� >28�9,0'
(0!����+�
�� X30'1��	� �'0'1�� #%.�>2�B#@��/�8B#@�����$# 1�� � # ����	$# +�1�� # ��0�> �����
��5.���+�
���8 X:.����*02� � �<.����*02� #%.�>2���$# 0'1�+$# ��0�> # +��	� �>���
,0�>�+ X � � �����F����8�����	���.����

,�<&,�F0! �������K����  ��� )�)�) ��� )�)�)��8�>2/ X ��X � 
�> X ��X ������������0�>�+5+���/�9���8JX � .��*- � ������8 X � � �
>2����4������*������� ����
�S X�>28�9 � � A����� �E5������)������������� ��'&,� �

Then the panel in the New Directory would be updated to show ��� 
 as one of the options for the
�������  � ����� � field, but the actual value in this field would be left unchanged. If a completely new
field is added to the panel, say � 	 � � ��� � under � 	 � � ��� , then this new line would be added to the
panel in New Directory, and whatever selection existed in the source panel would be copied over
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since there would be no pre-existing options in the target panel. This update of panels may be
performed in a more general way using Menu 6.0 .

22.7.2.3 Panel Editing COPY Option

This option will just copy the panels in the Old Directory over to New Directory. The Old Directory
column is filled in with ���	��� 	 � ����	�� � 	 ��� initially, but may be edited. After panels are copied,
they are not offered for editing. Pre-existing panels (together with their option settings) in the New
Directory column are overwritten.

22.7.3 PREPARE RINEX

The 	 ����	 ����� � ������
 option is presently only working on UNIX systems. It allows the user to quickly
look at RINEX observation files to check such parameters as antenna heights, receiver and antenna
names, etc. The first panel that appears after selecting Menu 6.2 is:

P�� 6 9�����8*0'+���[�S���������8��$%.�S���.��

.���/����,0'1�+ X�+��	� .���/���� � A����� �E5�����F���������2�,���2 (�����2���
0! �4������*�������8*0'+���[��*0'	�� X � � A����� �E C����� �%�����2�������8*0�>28*0:.�>�>28��*0'+���
���� X:+�> � � A����� �E C����� �%�����2�$#@+�> N ������,����)����.�.���+�
�8*02.�0'
	�F�*0'	�� X:+�> � � A����� �E C����� �%�����2�$#@+�> N ������,����)��

����� ,�������,���2 F
���A��������
���
,0�>�+3+���/���� X:9�����.���/��,- � � A����� �E C����� �%�����2�$#@+�> N ������,����)��8�.�M�8�� ��+�
���+�+�� X:9�����.���/��,- � � A����� �E C����� �%�����2�$#@+�> N ������,����)����+�
���+�+���S��,0'1�S�
�� X:9�����.���/��,- � � A����� �E C����� �%�����2�$#@+�> N ������,����)��
�������� ,�����2 J����8*�! ����(0! �4������*������� ���*����)�������)���������� 
���)�� ��[�
���+���0�>�+ X 
�>�
 �
����&�&,�������*���������/�/���8��3�*0'	�� X:+�> � � +�> @)������������� ��'&,� �

The parameters for this panel are described in the corresponding help panel.

After the above panel has been filled out, the user will be presented with a selection list of all
RINEX files that were found given the specified parameters. For each RINEX file selected, header
information will be extracted and presented to the user in a panel such as the following:
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P�� 6 ��- 9�����8*0'+���[�S���������8F.�S���.��,0'+�1� ��),�'�F>���)5>28��� ������3+���
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The data extracted from the RINEX files will appear in pairs of lines. The first column allows the
user to select a pair to be updated. The second column shows the name of the RINEX file, the third
the station name in the RINEX file, the fourth column the antenna height, and the fifth column the
receiver/antenna pair. If a translation name is found for the station name, then it will appear on the
second line of the pair. The same is true for the antenna height. If the receiver/antenna pair is not
found in the receiver/antenna translation table, then the character “ � ” will appear in the first column
of the second line of the pair. The user has the option of editing any of the fields of the pair, although
values in the second line for parameters two, three, and four will take precedence over changes in
the parameters on the first line of the pair. An “ 
 ” appearing in the first column of either line of
the pair will cause the RINEX file to be updated if either something was changed in the first line
or there are new values in the second line. Note that all pairs are selected by default. If you do not
want to change a RINEX file, then you must remove the “ 
 ” (replacing it with a blank) in the first
column for the pair.

22.7.4 SPECIAL FILES

There are two menu options ( Menu 6.3.1 and Menu 6.3.2 ) to prepare special files for the BPE
processing. Both options are not fully implemented at present and should not be used. The special
files that would be generated by the two options may as well be created just using an ordinary
editor. The special file containing a list of stations for which RINEX files should be downloaded by
ftp in connection with Menu 2.0.1 (presently only working on UNIX) just contains a list of the 4-
character identifiers of the IGS sites you are interested in. An example of such an FTP station file is
available in the directory � 
 ����� 
 under the name ��
�� ��	���� ��� ��	 . It may be specified in Panel 2.0.1
for the input field “ 
������ � ��� � � 
�� ”.

The second special file of importance for the BPE processing is the list of stations to be fixed
or constrained in the programs GPSEST or ADDNEQ. More details on the format of this file
type may be found in Chapter 24. To use such a file to fix station coordinates you have to specify
“ 
 	��������� � � ����� ” in the Panel 4.5–1 (GPSEST) or Panel 4.8.1–1 (ADDNEQ) for the station(s)
to be fixed and the name of the “fixed station” file in the Panel 4.5–1.5 or Panel 4.8.1–1.5 ,
respectively. To constrain the station coordinates (the recommended procedure) you need to specify
“ 
 	��������� � � ����� ” in Panel 4.5–2.4.B or Panel 4.8.1–1.7 , respectively (again the name of the
“fixed station” file is specified in Panel 4.5–1.5 or Panel 4.8.1–1.5 ). If the “fixed station” file
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contains a priori sigma values the corresponding station will be constrained, if no a priori sigmas
are specified, the corresponding station will be fixed (see Chapter 24).

A third special file type is used in connection with the estimation of troposphere zenith delays
for individual stations (see Chapter 12). A special file may be used to constrain the troposphere
estimates of individual sites (see � 
 ����� 
 � ��
�� ��	���� � 
���� for an example and Chapter 24) in the
program GPSEST. You have to set the option “ 
 	��������� � � ����� ” in Panel 4.5–2.4.0 and the name
of the special troposphere sigma file in Panel 4.5–1.6 to activate this special option.

22.7.5 BPE PROCESSING

To start BPE runs in a comfortable way you may use Menu 6.4.1 . It allows you to set up a BPE
run to process one or N consecutive sessions. The preparation of a BPE run with the menu system
follows exactly the same principles as the preparation of e.g., a GPSEST run. The menu system
generates — according to your selection of options — two script files (UNIX: ������
 ������ 	��
�������
and ������
 ������ 	��
��� ��� , VMS: ������
 �������	��
����� � and ������
 �������	��
��� ��� , see also Chapter 3) and
an option input file ( ����������	�� 	��
�� ����	 ). Whether the PCS is running in the foreground or back-
ground and whether you can schedule the BPE run for a specific time depends on the setting of the
“ � ���  � ��
�
 ” option in Menu 0.1 . You may also use the command “ 
 � 	��
 ” to directly start a
BPE run that was previously prepared using the menu system (see Chapter 3).

If you intend to run several PCS (BPE runs) at the same time you may want to give the PCS a higher
priority compared to the BPE scripts started by the PCS. This will make sure that the process control
script gets the necessary CPU to efficiently control the status of the various BPE scripts instead of
having to compete with all the other scripts running. The batch queue (priority) used by the PCS is
defined in Menu 0.1 , option “ � ���  � ��
�
 ”.

When you want to run more than one PCS at the same time you have to choose a different job
identification character in Panel 6.4.1 , option � ���  �������� ��� � , for each BPE run. When two or
more such PCS are processing data of the same session you also have to specify another ����
 �
����� ��� ��� �� ��� � ��� in Panel 6.4.1–1 for each PCS (e.g., “AA” instead of “00”). The task identifica-
tion is used to uniquely name the protocol and log files generated by the various scripts specified in
the PCF file in the directories � 	��  � ��	�������� and ��� ��� ����� � � ��	 , respectively.

P�� G��<-���- 9����3��������0�>�+3��8�>�.�������0'+�1B 0'+�����
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�� X3-�-�-2�	�������8��<��
���8�
�� X3-2T�T�P	�+���/�9���8J>2�5��������0�>�+�� X3- � �'�'�� ���"����,�'K��$N4��������������! �"3A����'E�
�����)����
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��4������2���3>24��,���2 ,� ������.�0'��	3����8���/���
���8��VX +��	��� � >�	������@+��	�����%��������02� ����,0'����8�>�.���������� X +�> � ����������� +�> # ��������02� �8���/�>�
��5����9�/*0'
 X +�> � ����������� +�> # ��������02� �����9���1�1,0'+�1J>���
,0�>�+�� X +�> � ����������� +�> # ��������02� �

The most important additional input options are:
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 ��
�
�� ��� � 
���������� � ID of the first session to be processed.

��� ��� � 
���������� � Year of the first session to be processed.

� ������� � � � 
 ��
�
�� ����
 � Specify the number of sessions to be processed in a single BPE run.


 � ��	 	 ���  ��
�
 ��
 � Define the first script to be processed as well as the PIDs of the scripts
to be skipped.


 	��������� 	 ����� ��� ��� ��
 � Redefine the variables and ranges of the PCF for this BPE run.

��� � ����� ����� � 	 � � ����
 � For debugging purposes the output on the screen while running the
PCS and the print out of the scripts into the log files may be more
detailed. In addition the autopurge of all temporary files written by
the PCS may be prevented.

For more details we refer to the corresponding help panels.

22.7.6 BPE SERVICES

The two menu items Menu 6.5.1 and Menu 6.5.2 are handy tools if you are interested in setting
up a BPE run, where new stations (e.g., in a growing permanent network or at the very beginning
of the processing of a new campaign) are automatically included in the processing. In this case the
most important part is, that of good a priori values for the geocentric station coordinates of the new
sites have to be known. Especially for the station(s) you would like to fix or heavily constrain in the
final solutions good geocentric coordinates in the ITRF (see Chapter 11) must be available.

Menu 6.5.2 is used to check the existence of good a priori coordinates in the user-specified coor-
dinate file for each station given in a list of RINEX files (typically the RINEX files of one session).
If there are no sites in the session with good a priori coordinate information, the program CRDRNX
( Menu 6.5.2 ) will generate a list of nearby IGS sites for which RINEX files should be downloaded.
These additional RINEX files from IGS sites may then be used to form baselines and to determine
a set of coordinates in the ITRF for all sites with coordinates of yet insufficient quality. The list of
IGS sites may be used in connection with Menu 2.0.1 to download the RINEX data automatically.

After having transferred all RINEX files of a session (including the additional IGS sites) into the
Bernese observation file format, the program CRDCHK ( Menu 6.5.1 ) may be used to generate a
list of baselines suited to improve the a priori coordinates of the new sites. This list of baselines may
finally be used as input into a script that does a baseline-wise processing from program SNGDIF
up to program GPSEST in order to obtain good a priori coordinates.

22.8 BPE Scripts

The main function of the BPE is to run scripts. These scripts are written in the script language
native to the platform the BPE is running on. For UNIX, BPE scripts are written using the Bourne
shell ( 
�� ), for VMS they are written using the Digital Command Language (DCL). This section will
describe how these scripts operate.
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22.8.1 Skeleton Script

Although there is no real restriction on what is contained in a script that is run by the BPE, there
are a few tasks that must be performed in any case. Even if the script does not run any Bernese
program(s), the following skeleton structure should be used. This is because the script must make
entries into the protocol file in order to let the BPE know that the script has finished. The basic
skeleton for a UNIX script is shown below (comment lines start with the

�
character):
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��2��>�\�
��,0'	������������,�

For the VMS system the corresponding skeleton script looks as follows:
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� � 
�D����,�'���2�������'E5��������D��5���2�,�!4��(��� �����������'��������D��:D�����)����J���2�,�!4���� 
�D��
� �  ��'&,�3������D��:D�����)����J���2�,�!4�� 
*����� A��:4���������)(�! 5��� ��D����,�'���2��4������'&,���������
� � 
�D��:D�����)����J���2�,�!4�� 
*�����3������K����,�2��A��������� �) &,��E����� ����,�2������� ��D���4��������������
� � �,������� 0'� 
*�������������3�'D��� �"������:��D������'&�4���������� 
�����E*�! �"3),�'�����2���������
� �
� �  �,-�  �,-�  ��6   ��=   ��G�  � L   ��P   ��Q   � � 
� �
� � +�� 
 
��5��������43��D���9����� ������ &,�� ��J� ���2���'&J���:���� (�! � ��2 ���! ����������2�,�'K���&*��)����
� � [B�� ��.�8*0'��
���9���1�\2/���+��  �,-�  ��6   ��=   ��G�  � L   ��P   ��Q   � � 
� �
� � �����F�2���� �)�����)3K����,�2��A������F�! 3��D��:����
,- L -�\�\ � ����+��
� � [B�� ��.�8*0'��
�������
�\��������  �,-�  ��6   ��=   ��G�  � L   ��P   ��Q   � � 
� �
9�>2���F>2�3
�S��3.�>2/�/���+��3�*0'	��31�>����:S���8��
� �
� � 
�D���9����� ������ &,�� ��J� ���2���'& ��� ����E��� J�2���5���J�! ����������2�,�'K��:&*��)����
� � [B�� ��.�8*0'��
�����+���\2/���+��  �,-�  ��6   ��=   ��G�  � L   ��P   ��Q   � � 
� �
� � 
����2& �! ���������D��F���!&�&,�� �)3�,�������� �)���4�)���������D��:4����������������,�������
� � [B�� ��.�8*0'��
�����>�\�
��,0'	  �,-�  ��6   ��=   ��G�  � L   ��P   ��Q   � � 

A list of variables which are set by the PCS and are available within the scripts follows below:

 � ��	 � ��� � � Name of the campaign.

 � ��	 � 	 � � � Path of the campaign (e.g., ��� � ������� ).
 � ��	 � ��� � � Drive letter of the campaign directory (simulated by links on UNIX

systems — e.g., 	 � ).
� 	 � � � � � � Option directory containing the panels with the input parameters.

	 ��� � Process ID of this script in the PCF in the format ����� for normal and
����� � *$*$* for parallel scripts.


���� � 	 ��� � Sub-PID of a parallel script.

	 ��� � � ����� � Name of the protocol and log file.


  � ��	 � � Name of the script file.

����
 � ��� � Task ID (first two characters of the protocol file).

	 � � �� ��� � � Priority level specified in the PCF for this script.

 	 � � Nick name of the CPU (taken from the file ������
 ������ 	� �� ��� �� 	 �
where the script is running.

��� ��� � Year of the day being processed (2 characters).

��� � � � Year of the day being processed (4 characters).


 ��
�
�� ��� � ID of session being processed (4 characters).

��� � ��� ��� � Day of year of the day being processed.

��� � � Day of month of the day being processed.

� ����� � � Month of the day being processed.

��	�
�
������ � GPS week of the day being processed.

��� � 
������ � Day of the GPS week of the day being processed.

��� ��� �	� ����� ��� ��� � � � ��� ����	 � ����� ��� ����	 � � Year for the days 3 � . . . 3 � resp. 2 � . . . 2 �
around the day being processed (2-character).

��� � � �	� ����� ��� � � 	 � � Year for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day being
processed (4-character).
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 ��
�
��	� ����� 
 ��
�
 	 � � Session ID for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day
being processed (4-character).

��� � � �	� ����� ��� � ��	 � � Day of year for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day
being processed.

� ����� �	� ����� � ������	 � � Month for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day being
processed.

��� � ���	� ����� ��� � ��	 � � Day of month for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day
being processed.

��	�
�
��	� ����� ��	�
�
�	 � � GPS week for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the day
being processed.

��� � 
��	� ����� ��� � 
�	 � � Day of GPS week for the days 3 � . . . 3 � resp. 2 � . . . 2 � around the
day being processed.

� � 
 � � � � � � � � � � � � � � � �
�

� � 
 � � � 	�� � 
 � � � � ��� � 
 � � � 
�������� � � � � ��� � Input variable
specified when starting the PCS.

� � ��������������� � Additional user-specified PCF variables.

 	 ��� ��� � Name of the CPU file (usually 	� �� ��� �� 	 � ).

	 ����� � � ����� 	 ����� � � � Parameters given in the PCF file for this script.

22.8.2 The RUN_PGMS Script

To run a Bernese program from within a script/command file, the � ��� � 	�� � 
 script must be used.
This script is kept in the � 
 ��
  � ��	 � area. To use the script, the user sets an environment variable
named 	�� ����� � to the name of the program to be run, and then starts the � ��� � 	�� � 
 script. Below is
an example for running the Bernese program GPSEST:

UNIX Version:

��1�/�+���/���!1���������
��
� � [�����.�8*0'��
��28���+�\���1�/��

VMS Version:

� ��1�/�+���/ � �!1���������
��
� � [B�� ��.�8*0'��
���8���+�\���1�/��

The user then has to use Menu 6.1 to correctly set any input fields in the panels (in the panel
directory to be used by the script) that may be required for program GPSEST (all panels named
����� � ��� � 	 ��� ).

22.8.3 The PUTKEYWE Script

When a script needs to update a value in a panel, it must use the 	 �������� 
�� script, which is in the
� 
 ��
  � ��	 � area. This script will replace data input fields in Bernese panels. Each panel input field is
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referenced by a keyword. The keywords are given on the far right side of the panel after column 80.
Below is an example of using the 	 �������� 
�� script:

UNIX Version:

4�4*- �� �������+��2����
�G�=�\�\�\ � ����+4�4�6	���
�8���
���1	�4�4�=	�/���+�����	
� � [�����.�8*0'��
�������
����	�����

VMS Version:

� 4�4*- � � � �� ����+�������
�G�=�\�\�\ � ����+��
� 4�4�6�� �'��
�8���
���1	���
� 4�4�=�� � /���+�����	��
� � [B�� ��.�8*0'��
�������
����	�����

Three environment variables must be set before calling the PUTKEYWE script:

pp1 – The full path and name of the panel to update. On UNIX systems the linked directory name
must be used, i.e. ��� .

pp2 – Name of the keyword to update.

pp3 – Value to be placed in the data input field referenced by the keyword in ��� � . If there is a
space contained in the value, then double or single quotes must surround the value under
UNIX.

After running the � ��� � 	�� � 
 script a variable � � ����� ��� is available. It contains the number of the
program output, e.g., if the program CODSPP generated the output file �����
 	�	 � � ��� the variable
� � ����� ��� is set to “12”.
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22.9 BPE Special Programs

There are some utility programs available in the � 
�� directory that are run outside of the Bernese
menu system. The use of these programs is described in the following sections.

22.9.1 GPSWIND

This program is used to set the time window for a session in the GPSEST panel ����� � � ����� � 	 ��� . It
will read from standard input the campaign name, the year and session (each on a separate line) and
will update the panel ���	� 	 ��� ������� � � ����� � 	 ��� with the time window defined in the session definition
file ( � 	�����
�� �  � ��	���������	 ��� ������� � � ����� � 	 ��� , see Menu 1.3 ). Here is the UNIX example:

����)���� �����2D� ,���2 ��B M�G�6 � � �2) � ��� ��>28������)���� �����2D� ,���2 ��B M�G�6 � � ������� �������+��2����
�G L -26 � ����+
G�� L ��-�� 6 ����8���/���
���8F����
,0!/���
,0�>�+BC>�9�����8�M���
,0�>�+ �*0'+���> ���

��
���8�
�����
�� ��+�������
��
��� &�&F)�) D�D &�& ��� ��� &�&5)�) D�D:&�& ���

X ��X �ZX ��X �

����)���� �����2D� ,���2 ��B M�G�6 � � �������B���
���
 .���/����2����
�����+��2����
,-2=�6 � ����+
-�� = �26 .���/����,0'1�+��$%��������0�>�+3�����*0'+,0'
,0�>�+

��������0�>�+3+���/�9���8 ��
���8�
�����
�� ��+�������
��
 � � � ��� &�&F)�) D�D &�& ��� ��� &�&F)�) D�D:&�& ���

X ����� �	� X ��X������������	�ZX ��X:6�= L T L T	�

����)���� �����2D� ,���2 ��B M�G�6 � � ���'D��:
���
 .���/��FX �2&�4��<�! �4����)���� �����2D� ,���2 ��B M�G�6 � � ���'D���T L�� �2&�4��<�! �4����)���� �����2D� ,���2 ��B M�G�6 � � ���'D���6�-26�� � �2&�4��<�! �4����)���� �����2D� ,���2 ��B M�G�6 � � [�9B���1������*0'+�� �:�2&�4��<�! �4����)���� �����2D� ,���2 ��B M�G�6 � � ������� �������+��2����
�G L -26 � ����+
G�� L ��-�� 6 ����8���/���
���8F����
,0!/���
,0�>�+BC>�9�����8�M���
,0�>�+ �*0'+���> ���

��
���8�
�����
�� ��+�������
��
��� &�&F)�) D�D &�& ��� ��� &�&5)�) D�D:&�& ���

X�T L ��Q�=�- ��X������������	�ZX�T L ��Q�=�- ��X:6�= L T L T	�

22.9.2 PRSLIN

The PRSLIN program in � 
�� may be used to get the root name of a file without the extension. This
is useful to remove the path and extension from a file name. For example on a UNIX platform:
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����E*����� �����2D� ,���2 ��B M�G�6 � � �2) � ��� ��>28������E*����� �����2D� ,���2 ��B M�G�6 � � ���'D��:�B���
���
�\�.���/�����>2��
�������T�P�-�-�-���� ����6 X5�! �4����E*����� �����2D� ,���2 ��B M�G�6 � � � [�9�����8���	,0'+ �5�! �4FX��2�������E*����� �����2D� ,���2 ��B M�G�6 � � A������� ��'&,�	 � �����(�2��� �����E*����� �����2D� ,���2 ��B M�G�6 � � ���'D�� � A������� ��'&,�����T�P�-�-�-2�����E*����� �����2D� ,���2 ��B M�G�6 � �

22.9.3 PRSLINF

This program is similar to 	 ��
 � ��� except that the extension of the file name is also returned. For
example:

����E*����� �����2D� ,���2 ��B M�G�6 � � �2) � ��� ��>28������E*����� �����2D� ,���2 ��B M�G�6 � � ���'D��:�B���
���
�\�.���/�����>2��
�������T�P�-�-�-���� ����6 X5�! �4����E*����� �����2D� ,���2 ��B M�G�6 � � � [�9�����8���	,0'+�� �5�! �4FX��2�������E*����� �����2D� ,���2 ��B M�G�6 � � A������� ��'&,�	 � �����(�2��� �����E*����� �����2D� ,���2 ��B M�G�6 � � ���'D�� � A������� ��'&,�
����T�P�-�-�-2��� ����6����E*����� �����2D� ,���2 ��B M�G�6 � �
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22.10 BPE Example

Together with the Bernese GPS Software Version 4.2 a BPE example is distributed to allow the user
to gain insight into the working of the BPE.

As part of the installation procedure the example PCF file ��� � ������� � 	� � as well as the correspond-
ing example scripts and option directories are copied from the general � 
 area to the user-specific
��� area (e.g., � 
 � 	� ������� � ������� � 	� � is copied to ����� 	� ������� � ������� � 	� � ). After a successful in-
stallation (including the BPE part) it should be possible for the user to start the processing of the
example campaign ��� � ������� (see Chapter 4) with the PCF ��� � ������� � 	� � right away. The data
files for the example campaign ��� � ������� are available through anonymous ftp at the AIUB (see
Chapter 4). Please read the file ��� ��� ��� � � 
�� , available in

�
��� �	��� � �����	��� ������ � � ��� � �� ����
�
�� 
 � � �

��
�� ��	�����
�� , carefully before starting with the transfer of the example files. You should create a
campaign ( Menu 1.1 ) and the corresponding campaign directory and sub-directories ( Menu 1.2 )
according to the steps explained in Chapter 4 before downloading the BPE example data.

The example BPE is deduced from our EUREF processing procedure and shows an elaborate se-
quence of tasks which might look very complex at first sight. The main results of the BPE are three
separate solutions computed with free and fixed ambiguities and with different elevation cut-off
angle. The reader may get some ideas on how to construct BPEs for his own applications. He is
encouraged to browse through the individual scripts located in ������
  � ��	 � .
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The example PCF file is included here and the most important steps are described below:
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��,0!�5��.�8*0'��
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	��>28��$# ��/�9�� �*0'[���# - L ����1 ��� 6M�\ � +���
	��>28��$# ��/�9�� �*0'[���# -2������1 ��1�
�� �	� 6M�\���	���� ��	����7���	��� ��� 6
M�\2/*0'+����H/*0'+��������	��� �2� 6

The first section lists the scripts to be executed paired with the option directories to be used with
these scripts. Following is a section showing the parameters to be passed to the scripts and finally
there is a section defining the variables used in all scripts called by the PCF. All of the scripts shown
in the PCF are located in ������
  � ��	 � while the option directories are located in ������� 	 � .

Page 386 AIUB



22.10 BPE Example

Notice that a CPU is explicitely specified for the script ��	�
������ � 	 at 	 ��� �����
. This will be the host

this script will execute on. An entry in the ������
 ������ 	� �� ��� �� 	 � file must exist with this CPU
name, for example:

� �������������3���2 ���������.���� �! ������2&,���,���2 .���� 
�8�����\�+���/�� ��������� +�.����5��� 0!��	���/���[ � ��>�9��
��
�
�
�
�
�
�
3=���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 ��
�
�
�
�
�
�
�G	
�
�
:G	
�
�
�G	
�
�
:G	
�
�
:G	
�
�
.����*- ����E*��� ������
 -H-2��� -2��� 6 �.���� ��0!� ����E*��� ������
 -H-2��� -2��� 6 �

In the above case,  	 � ����� and  	 � � use the same host and specifying  	 � ����� specifically in the
PCF file seems to have no advantage. In fact,  	 � ����� could be changed to ���$* in the PCF file
and the entry CPUQIF could be taken out of 	� �� ��� �� 	 � for the example CPU file shown above.
However, there are cases where it may be desirable to specify a specific CPU for a script when more
than one host is available for processing and one of the hosts is faster than the others. The ��	�
������ � 	
script is very CPU intensive and we may want to make sure that the script is run on a fast CPU.

After copying a few files the processing starts very straight forward with the generation of a standard
orbit (PRETAB and ORBGEN). Then the code and phase pre-processing is performed (RXOBV3,
CODCHK (this program — 	 ��� � � � — is skipped, see second area of the PCF), CODSPP,
SNGDIF, MAUPRP).

This brings us to 	 ��� � � �
. This step is called ��	�
 � ��� , which means that the GPSEST residuals

are checked in order to remove bad phase double-difference observations. For this procedure the
programs GPSEST, RESRMS, and SERVOBS are used: GPSEST is run in a baseline mode
saving both the double-difference

���
residuals in residual files and the normal equations in NEQ

files. The residual files are checked by program RESRMS followed by the program SERVOBS,
which marks the detected outliers in the single difference files according to the edit file generated by
RESRMS. The NEQ files are used with program ADDNEQ ( 	 ��� ��� �

) to get a network solution
based on “uncleaned” (no RESRMS) data. This solution is labeled “ � ��� ”.

The script at 	 ��� �����
runs program COMPAR to extract a short solution summary. Together with

the summaries from the other COMPAR runs it will be used by the last script of the PCF, ��� � � ����� ,
to generate a protocol file.

Now we are at 	 ��� �����
with the script called ��	�
�����
 . Here the single difference files are processed

baseline by baseline saving the NEQ files. These NEQs are combined with ADDNEQ to give a
“cleaned” (after RESRMS) network solution. This solution is labeled “ � � � ”.

For comparison the normal equations (extension � � � ) from the same GPSEST run are combined
at 	 ��� �����

using the new ADDNEQ2. The solution is labeled “ � � � ”. Those users for which
ADDNEQ2 (Fortran 90) is not available may skip this script by removing the comment charac-
ter in the second section of the PCF example.

At 	 ��� �����
we use GPSEST to estimate an ionosphere model to be used for the QIF ambiguity

fixing in 	 ��� �����
.

	 ��� ��� U is a ��	�
 ��
�� run using all single-difference files in one run with “ �������� � ” correlations
(see Panel 4.5–2 ) to generate an ambiguity-free network solution. This solution is labeled “ � � � ”.

	 ��� ����� � ����� are examples for a parallel processing. The ambiguity fixing using the QIF strategy
with the ionosphere model from 	 ��� �����

is done baseline-wise and more than one baseline may be
processed in parallel (depending on the entries in the CPU file ������
 ������ 	� �� ��� �� 	 � ).
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At 	 ��� �����
a final ionosphere model is computed, as in 	 ��� �����

, with ambiguities introduced.

The GPSEST solutions of 	 ��� ��� � and
��� � are similar to those of 	 ��� ��� U , except that the ambi-

guities are now fixed ( 	 ��� ��� � ). The elevation limit in the other solution 	 ��� ��� � is set to
��� o and

elevation-dependent weighting is activated. The ( 	 ��� ��� � solution is labeled “ ��� � ”, the 	 ��� ��� �
solution “ � 
 � ”.

For those programs, where extraction programs are available, the extraction program is used
(CODXTR, MPRXTR, GPSXTR, RESRMS summary) right after the program has been run. E.g.,
in the ��� ��	 ��	 script not only MAUPRP but also the extraction program MPRXTR is run. The same
is true for the programs CODSPP, GPSEST, and ADDNEQ. All these extraction files are con-
catenated in the ��� � � ����� script ( 	 ��� ��� U ) to form a “nice” protocol/overview of the processing.
Two example protocols are available in the ����� directory of the example campaign ��� � ������� .
The following PCF variables are used for solution identifiers:

� � � ����� gives the first two characters of the standard orbit to be used. The orbit file name should
be of the form ��� � � � ��� � . The first script ( ��� � � �� 	 ) can be used to rename any input
orbit file name to the naming convention given above. Currently the ��� � � �� 	 script
does practically nothing (only deleting some files).

� � 
 ����� ( � � above) is used to label the results from the first network solution in baseline mode
before RESRMS has been run.

� � � ����� ( � � above) is used to label ambiguity-free results based on “cleaned” (after RESRMS).
The (hard-coded) “

�
” is used to identify the solution using the program ADDNEQ. The

� � � solution is an analogue solution using the Fortran 90 program ADDNEQ2.
� � � ����� ( � � above) labels the ambiguity free network solution computed with an elevation cut-

off angle of
��� o.

� � � ����� ( ��� above) labels the ambiguity fixed network solution computed with an elevation cut-
off angle of

��� o.
� � 
 ����� ( � 
 above) labels the ambiguity fixed network solution computed with an elevation cut-

off angle of
��� o and with elevation-dependent weighting.

The example PCF file covers quite a lot of programs and different applications of these programs.
It shows an example of the parallel capabilities of the BPE ( 	 ����
 ����� � ����� ) and also covers the
screening of residual files for outliers, the fixing of ambiguities, the use of baseline-wise and correct
correlation, and different elevation cut-off angles.
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