
Introduction

The basic observables of the global positioning system
(GPS) are the pseudoranges (C/A, P1, and P2 codes) and
the carrier phases (L1 and L2). The most common file
format to manipulate these observables is the RINEX
format (Gurtner 2002). In some instances, it can be
desirable to produce simulated GPS observations. Sim-
ulated GPS observations generator (SiGOG) is a tool
that produces unbiased or error-free code and carrier
phase observations for an arbitrary location and epoch.
The applications of SiGOG can be, among others:

– Mitigation of GPS errors;

– Evaluation of the effect of a bad geometry by, for
example, generating different scenarios of signal
obstruction;

– Study of various error sources affecting GPS
applications (by means of introducing the error
into the observables and processing the simulated
RINEX file for the application);

– Evaluation of campaign strategies prior to field
work. Since the basis of GPS differential GPS
corrections (DGPS) (RTCM Special Committee
1994) relies upon the access to unbiased GPS
observations, and in order to show SiGOG
potential, in this paper we present a procedure
to derive differential corrections based on the
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Abstract For many applications,
access to unbiased or error-con-
trolled global positioning system
(GPS) observations can be very
useful. This paper is devoted to the
description of simulated GPS
observations generator (SiGOG), a
software that simulates GPS obser-
vations. It presents the results of
tests of SiGOG accuracy using GPS
processing software, and demon-
strates its successful performance as
a differential GPS (DGPS) correc-
tion provider.
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simulation of GPS observations for a reference
station of known coordinates.

The computational flow and main features of the
SiGOG software are presented in the first part of this
paper while its use as a differential correction provider
(DGPS) is discussed in the second part.

SiGOG main features

The SiGOG is a GNU General Public License software
implemented in the Fortran 77 language that, for an
arbitrary date and interval of time, generates code and
carrier phase observations in a RINEX format file, given
the fictitious receiver/antenna coordinates as well as real
satellite orbits. Depending on the type of orbit used,
there are two alternative names for SiGOG: the first one,
SiGOGprcs, simulates GPS observations from precise
orbits, while SiGOGbcst uses broadcast orbits. Cur-
rently, SiGOG only simulates GPS observations, but it
can be adapted for the simulation of GLONASS or fu-
ture GALILEO observations.

Steps taken within the SiGOG software

The SiGOG follows these four steps when creating
simulated observations:

Step 1 The input data required by SiGOG is read from
an input file that must contain:

– Monument coordinates and H/E/N offsets to the
antenna reference point;

– Four-character name of the station;
– Flag indicating whether or not to apply tropospheric

corrections;
– Elevation mask;
– Date, initial and final epochs, as well as the interval

between consecutive observations. Once the obser-
vation date is stated, SiGOG will search for the orbit
files for the corresponding date in either the broadcast
or precise orbits. If the latter is chosen, in order to
avoid extrapolating data for epochs close to the
beginning and ending of the day, SiGOGprcs may
also require an orbit file for the one day prior to the
simulated date and another corresponding to the day
following the simulated date;

– Types of observables to generate; choosing one or
several from the following possibilities: C1, P1, P2,
L1, and L2. As SiGOG does not account for iono-
spheric biases, C1, P1, and P2 are equal, and the
corresponding range differences for the L1 and L2
pair are equal.

Step 2 Generation of satellite positions for the observa-
tion epochs taking into account the delay between signal

transmission at the satellite and signal reception at the
station. Corrections for the Sagnac effect (owing to the
rotation of the reference frame), satellite clock error, and
relativistic effect (due to the eccentricity of satellite orbits)
are also included in this step. For a review of Sagnac and
other relativistic effects, interested readers are referred to
Ashby (2002) or Ashby and Spilker (1996).

Prior to the interpolation process, SiGOGprcs tests
the quality of the precise orbits, making sure there are
enough data to interpolate satellite positions and clock
errors. For the satellite coordinates, a ninth degree
Lagrange polynomial with the unknown in the centre is
used, while a third degree polynomial interpolation is
applied for the satellite clock error.

The SiGOGbcst generates satellite positions from
orbit parameters recorded in a RINEX navigation file.
For a detailed explanation of the process, interested
readers are referred to Grewal et al. (2001)

Step 3 Once the antenna reference point and satellite
positions are known, SiGOG calculates the elevation
and azimuth for each satellite and epoch. In this step, for
each epoch, satellites with elevations lower than the
elevation mask are rejected.

Step 4 Finally, once the geometric distance between
satellite and antenna reference point, satellite clock er-
ror, and relativity correction are known, SiGOG gen-
erates the observables and records them in a RINEX
observation file. The RINEX format was developed as
an answer to the need of finding a common format in
which to record GPS observations that is both inde-
pendent of the receiver and compatible with any GPS
processing software. Currently, this format includes six
different types of files, among which are the observation
and navigation formats used in SiGOG. All RINEX files
consist of two distinct parts: the header section that
registers the metadata (types of observables recorded,
information about the receiver, institution, and other
important information, as well as any comments) and
the data section, with the actual data. For a detailed
explanation of the RINEX format, interested readers are
referred to Gurtner (2002).

SiGOG usage and compatibility

The SiGOG requires an input file (input.txt) with the
data specified in step 1, as well as the orbit files (RINEX
navigation format or precise IGS ephemeris). The usage
is easy, just fill in the input file, compile the programme,
and run it. The output is the RINEX observation file
with the specified observables for the hypothetic antenna
reference point position, date, and epochs specified in
the input data. The SiGOG does not take into account
the offsets from the antenna reference point to the L1
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and L2 phase centres of the GPS antenna, nor the effect
of the antenna phase pattern.

The SiGOG software was developed using the freely
distributed G77 compiler, available for Linux and
Windows, using CYGWIN in the latter case. The source
code was also tested for the Intel Fortran compiler
(Version 7.0 for Linux).

Testing SiGOG

In this section we will briefly summarize the results
regarding the tests undertaken to check the performance
of the SiGOG package. In order to evaluate the accu-
racy with which we are simulating the observables, they
will be processed with a positioning software. The dif-
ference between the a priori coordinates and the com-
puted ones will be taken as a maximum value for the
SiGOG observation error. The real pseudorange accu-
racy is better than this value since errors in the coordi-
nates are affected by a geometric dilution of precision
factor (Hofmann-Wellenhof et al. 1994). We used the
GPSpace (GPSpace, 2000) point positioning software to
check the code observables, and the Trimble GPSsurvey
(Version 2.35) differential positioning package to check
the carrier phase observables. The code observable was
tested for the ten stations listed in Table 1 using one day
of data. The root mean square differences between the a
priori coordinates and epoch by epoch C/A computed
coordinates are shown in Table 2. Similar results are
obtained when processing simulated P1 and P2 obser-
vations. Table 2 shows that, when using precise orbits,
the positioning error is less than 1 dm, increasing up to
the 2 dm level when using broadcast orbits. Regarding
the carrier phase, Table 3 summarizes the root mean
square differences between the a priori coordinates and
epoch-by-epoch differential L1 computed coordinates.
Similar results are obtained when processing differential
L2 observations. From this table, we can conclude that,
when using either, precise or broadcast orbits, these
differences are below the centimetre level for both, the
L1 and L2 carrier phase. This difference between the
point position and differential position results (one order
of magnitude) is related to orbit interpolation, the main
error source in the simulation of GPS observables,
which is significantly reduced with differencing.

Using SiGOG to provide differential corrections
for real observations

In this section we test the performance of the SiGOG
software as a DGPS that can be used to improve posi-
tion estimates of real observational data. Given a ref-
erence station position, SiGOG simulates the same
observations but free of errors. By differencing both
types of observations (real ones minus simulated ones) at
this reference station, we get the total amount of error
for each satellite and epoch, which can then be used as
the correction for the real observations of a receiver at
an unknown position. In principle, the closer both sta-
tions are, the better the correction will be.

To test the improvement in the position esti-
mates when using the differential corrections provided

Table 2 Root mean square differences in meters between a priori
and epoch-by-epoch computed coordinates from SiGOG simulated
C/A code observations

Station Precise Broadcast

North
(m)

East
(m)

Height
(m)

North
(m)

East
(m)

Height
(m)

BRUS 0.07 0.02 0.06 0.10 0.06 0.15
POTS 0.06 0.02 0.06 0.10 0.05 0.14
GOPE 0.06 0.01 0.06 0.10 0.05 0.14
WROC 0.06 0.01 0.06 0.10 0.05 0.14
BARA 0.03 0.01 0.06 0.07 0.04 0.13
LVEG 0.04 0.01 0.05 0.07 0.04 0.12
PPT1 0.06 0.01 0.06 0.11 0.05 0.12
CHAB 0.06 0.01 0.05 0.09 0.06 0.15
VBCA 0.06 0.01 0.05 0.08 0.05 0.16
BELG 0.06 0.01 0.05 0.08 0.05 0.16

Table 3 Root mean square differences in meters between a priori
and epoch-by-epoch computed coordinates from differential
SiGOG simulated L1 observations

Base line Precise Broadcast

North
(m)

East
(m)

Height
(m)

North
(m)

East
(m)

Height
(m)

BRUS-POTS 0.001 0.001 0.002 0.001 0.001 0.002
GOPE-WROC 0.001 0.001 0.002 0.001 0.001 0.002
BARA-LVEG 0.001 0.001 0.002 0.001 0.001 0.002
PPT1-CHAB 0.004 0.004 0.003 0.004 0.004 0.003
VBCA-BELG 0.001 0.001 0.002 0.001 0.001 0.002

Table 1 Geographic monument coordinates of the processed
stations, in pairs

Station Geographic coordinates

Latitude Longitude Height
(m)

Base
length
(km)

BRUS 50�47¢52¢¢.14N 4�21¢33¢¢.181E 149.672 626.3
POTS 52�22¢45¢¢.46N 13�03¢57¢¢.92E 144.423
GOPE 49�54¢9¢¢.33N 14�47¢08¢¢.23E 592.593 208.7
WROC 51�06¢47¢¢.73N 17�03¢43¢¢.33E 180.797
BARA 18�12¢31¢¢.31N 71�05¢53¢¢.62W 6.735 127.3
LVEG 19�13¢21¢¢.77N 70�31¢51¢¢.91W 78.570
PPT1 37�11¢13¢¢.50N 122�23¢23¢¢.81W 7.829 63.3
CHAB 37�43¢26¢¢.81N 122�07¢09¢¢.50W 213.973
VBCA 38�42¢2¢¢.77S 62�16¢9¢¢.22W 59.480 26.7
BELG 38�53¢45¢¢.08S 62�6¢4¢¢.69W 22.255
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by SiGOG, we used the stations listed in Table 1 in
pairs, one as the receiver of unknown position and the
other as the reference station. In this way, the RINEX
raw observational data files for BELG, PPT1, LVEG,
WROC, and POTS (the unknown stations) were pro-
cessed with the GPSpace point positioning software with
and without the DGPS corrections derived from the
reference stations VBCA, CHAB, BARA, GOPE, and
BRUS, respectively. Data from three complete geo-
magnetically non-perturbed days (Disturbance Storm-
Time Index, Dst, greater than )24) were processed.
Provided with precise coordinate data for the ‘‘un-
known’’ stations (ITRF2000 coordinates), the root mean
square errors of the epoch-by-epoch C/A code obser-
vation point position estimates (using GPSpace soft-
ware) when using precise ephemeris are listed in Table 4
for both the DGPS-corrected and the uncorrected real
observational data. In this table the ionospheric free
linear combination for the uncorrected real data is also

shown. Table 5 lists the root mean square errors ob-
tained when using broadcast ephemeris for the DGPS-
corrected and uncorrected raw data.

From Tables 4 and 5, it is clear that the use of the
DGPS correction provided by SiGOG improves the
estimation of all position coordinates, including the last
base line with a length of more than 600 km (except for
the east component at the POTS station when using
precise orbits). The improvement is always more sub-
stantial for the vertical component, though the hori-
zontal ones benefit from this DGPS correction, more
clearly the smaller the base line.

Comparing in Table 4 the root mean square errors
for non-corrected, DGPS-corrected, and ionospheric
free linear combined raw observational data, it can be
seen that the ionospheric error is the main error source
for isolated single frequency receivers. The DGPS cor-
rection mitigates not only the ionospheric error but also
other sources (ephemeris, mainly), as the root mean

Table 5 Root mean square errors (m) in point positioning when using broadcast orbits for non-corrected and DGPS-corrected real
observational data

Station 19 June 2002 12 October 2003 2 December 2003

North (m) East (m) Height (m) North (m) East (m) Height (m) North (m) East (m) Height (m)

BELG Data not available 2.66 2.22 9.16 Data not available
+DGPS 0.76 0.64 1.45
PPT1 3.59 1.75 10.56 2.09 1.33 6.09 2.35 1.38 6.63
+DGPS 0.54 0.41 1.05 0.52 0.38 1.1 0.68 0.36 1.38
LVEG Data not available Data not available 2.37 1.64 8.17
+DGPS 0.26 0.27 0.7
WROC 2.05 1.61 9.11 2.08 1.37 8.03 2.18 1.24 5.81
+DGPS 0.37 0.36 0.59 0.9 0.78 1.56 0.92 0.69 1.62
POTS 2.47 1.45 8.11 1.95 1.28 7.32 2.11 1.26 5.21
+DGPS 0.59 0.76 0.95 0.99 0.91 1.81 1.14 0.78 1.72

Table 4 Root mean square errors (m) in point positioning when using precise orbits for non-corrected, DGPS-corrected, and ionospheric
free non-corrected (P3) real observational data

Station 19 June 2002 12 October 2003 2 December 2003

North (m) East (m) Height (m) North (m) East (m) Height (m) North (m) East (m) Height (m)

BELG Data not available 2 1.32 9.57 Data not available
+DGPS 0.89 0.73 1.79
P3 0.96 0.9 2.26
PPT1 2.75 1.12 9.8 1.28 0.93 5.98 1.26 0.85 5.87
+DGPS 0.53 0.5 1.51 0.56 0.42 1.19 0.72 0.42 1.56
P3 1.64 1.09 2.4 1.24 1.07 1.9 1.34 1.08 2.52
LVEG Data not available Data not available 1.88 0.85 8.01
+DGPS 0.23 0.25 0.7
P3 0.52 0.67 1.63
WROC 1.47 0.9 8.1 1.31 0.91 5.42 1.55 0.97 4.24
+DGPS 0.37 0.34 0.78 0.93 0.76 1.49 1.05 0.77 1.74
P3 3.31 1.8 5.38 1.68 1.55 2.88 2.04 1.3 3.22
POTS 1.32 0.78 7.81 1.22 0.73 5.48 1.44 0.95 4.09
+DGPS 0.62 0.76 1.09 1.04 0.94 1.9 1.14 0.85 1.86
P3 0.98 0.83 2.22 1.07 0.89 1.68 1.06 0.94 1.77
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square error corresponding to the ionospheric free
combination is systematically bigger than the ones that
correspond to the DGPS-corrected data for all base lines
but the longest one, for which the base line is too long to
guarantee error spatial correlation.

On the whole, a receiver using these DGPS correc-
tions provided by SiGOG in near real time, could expect
an improvement ranging between 30 and 90%,
depending on the coordinate component and distance to
the reference station. For base lines smaller than
130 km, a 70% improvement or better can be expected,
achieving an accuracy level of 2 m.

Summary and conclusions

In this paper we have presented SiGOG, a software that
generates simulated GPS code and carrier phase obser-
vation data from precise or broadcast ephemerides.
Tests undertaken with commonly used GPS processing
software (in both point-positioning and differential-
positioning mode) show that the code observables are
simulated with decimetre accuracy, while the carrier
phase differences are below the centimetre level for base
lines up to 600 km.

Based on the simulation of GPS unbiased observa-
tions provided by SiGOG, we have presented a proce-
dure to derive DGPS corrections. According to the tests
made, a single frequency receiver applying these correc-
tions could, in near-real time, improve its point position
estimation by 70–80%, reducing the error level to 1.8 m
in the horizontal components and 2 m in the vertical. The
potential applications of the SiGOG software are wide,
ranging from error estimation and campaign evaluation
to error mitigation, as shown in this paper.

Links

– SiGOG available at:
http://seneca.fis.ucm.es/emohino/SiGOG/http://
www.ngs.noaa.gov/gps-toolbox/

– G77 compiler available at: http://www-rocq.inria.fr/
�kern/G77/g77.html

– GPSpace point position software available at:
http://www.geod.nrcan.gc.ca/index_e/products_e/
software_e/gpspace_e.html

– GNU: http://www.gnu.org
– RINEX format: http://igscb.jpl.nasa.gov/igscb/data/

format/rinex210.txt
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