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Introduction
This study has been conducted to test the processing modules of
Globa Postioning System (GPS) softwares by usng products of
Internationad  GPS Service for Geodynamics (IGS) and to
evauate contributions of these products to the results obtained
by GPS softwares. For this purpose, the use of IGS products, the
need of ambiguity fixed solution for softwares, optimum
processng procedure of all tested softwares, correlations
between errors at horizontal and vertical postions and baseline
length, correlation between errors at horizontal and vertica
positions and height difference have been invedtigated.
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2. APPLICATION
Choosing Test Network
Because the ionospheric effect is low in the middle of
latitudes, the test network was chosen in the middle of

latitudes. When test network was chosen, the following
rules had been paid attention.

1. The coordinates and vel ocities of stations of network have
to be well-known in ITRF2000 because of controlling
coordinate differences perfectly and correctly.

2. The baselines were chosen between 1 and 200 kilometers
increasng 10 kilometers After 200 km, two baselines
were chosen at 20-30 kilometers spacing
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Choosing Test Networ k

e The samereceiver and the same antenna have to be end of
the baselines, but in relation to second item, there are a
few baselines with different receivers and antennas

e Extremely height difference does not have to be. But in
relation to second item, there are a few baseline with
extremely height difference

, Which is used in this sudy, consigs of 19
permanent GPS dations; mog of them arein Italy, and in
the region between Itaia-Austria-France
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I nformation about chosen permanent GPS stations

T INSTITUTI 0 FEBION/ITY  COUNTRY — NETWORK
EZRG  GEODETICO BOLZAND RATAA  BOLZAMD ITALY | EPHAIGE
CAVA  CONSORZIO VEMEZIA NUOVA CAVALLIND ITALY  VENICEIROJ
CAME  ASI- TELESPAZIO CAMERINO ITaLy  EM

COSE PLANO LAGD COSENZA ITALY st

ELEA  ASI- TELESPAZIO ISLA DEELEA ITaLy  ERN

GENO  ASI- TELESPAZIO GENOVA ITALY  ERIMIGE
ORAS  OBSERVATOIREDE CALEFN-0CA  CAUSSOLS FRANCE 183

MK  IMSTITUTE FOR SPACERESEARCH  HAFELEKAR AUSTRIA 103

MATE  ASI- TELESPAZIO MATERA ITaLY o3

MEDI  ASI- TELESPAZIO MEDICTHA ITaLy  Ios

HOVA  COMUNEDINOVARA HOVARA ITaLY  ast

PADO  UNIVERSITA DIPADOVA PADOVA ITALY  EPIMIGE
PATK  INSTITUTE FUR SPACERESEARCH PATSCHERKOFEL AUSTRIA  AUSTRIATH.
PAVI  UMIVERSITA DIPAVIA PAVIA ITaLY  ast

FRAT  UMIFLDIC PRATO ITaLY  ast

SFEL  CONSORZIO VENEFIA NUOVA SAN FELICE ITALY  VENICEPROJ
TORI  POLITECHITO TORINO ToFTHO ITALY  ERIMIGE
VENE  ASI- TELESPAZIO VENEZEA ITALY  ERIMIGE
VOLT  CONSORZIO VENEZiA NUOVA VOLTAEARZZO ITALY  VENICETROI

HETWOREM: fhe netvronks summe fhat the station s be en i v or operating.
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Tropospheric and I onospheric M odel

The static measurement option of tested softwares was used. With the
processing of static measurements baseline mode that is mentioned in Bock
(1998) was chosen because of following fundamenta principles and opinion.

Hopfield tropospheric model is common in al commercial GPS software
packages. So this standard tropospheric model was used. If there is not this
model in software, default modd of software was used. The meteorological
data was not used because of not existing enough in al the stations. According
to Klobuchar (1991) and Odijk (2002), using ionospheric model isimportant to
process when sun spot activities are maximum amount. Because of huge
amount of sun spot activities in 2001, sandard ionospheric mode of softwares
was used.
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Collecting Stations Data

GPS observations in RINEX format, which is dated 27 February 2002 (58"
day year, and 1155" GPS week), were used. IGS, IFAG, and AS| provided
these observations.

Precise ephemerides of IGS in SP3 format, which is dated 26-27-28
February 2002, were used.

The navigation file, which is named AUTO0580.02N, was used.

The Earth rotation parameter file, which is named IGS02P1155.ERP, was
used.

The coordinates and velocities of sations were obtained from
ITRF2000_GPS.SNX and Caporali et d (2003).

The information of antenna phase centers was obtained from “Relative
Antenna Cdibrations’ file belonging to NGS (Nationad Oceanic and
Atmospheric  Administration, National Geodetic Survey). If there is
software that use IGS01.PCV antenna file as Ashtech Office Suite, thisfile
was used changing its name.
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Sofiware Name Producer Company
Lishtech Office Suite 20 Spectta Precidion Temasat GrbH, Gennaty and Ashtech In, USA
Piooacls 1.0 At first Javad Positioning Syters, Russian, then Topeon Corp. Japan

Statie Kiersatic Software 23 Leies G, Switzetland
Trrehle Geomatics Office 1.5 Trieble Nawigation Lindted, USA
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The Application Phases

At first, the vector solution types (frequency types or
frequency combination) of softwares were investigated. Then,
the solution type of software, which gave the best result, was
used. The bes solution types met by different name because of
not only named by the relevant software but a so results After
choosng solution type, the ambiguity fixed solutions and
ambiguity float solutions were obtained separately to
invegtigate whether fixed and float solutions affect the results
or not. In addition to, the broadcast ephemerides and precise
ephemerides were used separately in solutions to invedigate
effect onresults
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The Application Ph

The coordinate differences among stations were transformed to
topocentric coordinate system for expressing baseline vectors in terms of
horizonta (north, east) and vertical.
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Table 4: The standard solutions used in gpplication

Solution Type Ephemerides Ambiguity

Number solution type
ST.1 Broadcast Fixed
ST.2 Precise Fixed
ST.3 Broadcast Float
ST.4 Precise Float

18 19
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The Application Phases

The equations that are given in Federal Geographic Data Committee (1998)
were used for computation of root mean square errors (RMSE) in horizonta
and vertical postions in analysis of application results (Table 5). These
equations are given as follows;

N

RMSE :%Z\/(XI _Xo)z +(¥; _z))z

W
Z(ZI - 20)2
R‘MSEZ = IT
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The Application Phases

The RMSE in horizontad and vertical postions of solutions are
shown in Table 5. According to Table 5, the least RMSE of each
software was chosen. The chosen solution types are S.T.4 for AOS,
SKI, and TGO, S.T.2 for Pinnacle. The correation between errors a
horizontal and vertical postions and baseline length and the
correlation between errors a horizontal vertical positions and height
difference were investigated by using regression analysis in these
chosen solution types. The horizontd and vertical postions
differences are shown comparing results of softwares in the
following figures (Figure 2,3,4,5,6,7,8,9) according to results of
solution type.
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The RMSE of horizontal and vertica positions
differences, which were computed in test softwares

Root Mean Square Errors (mm)

Software STl STl ST2 ST2 ST3 ST3 ST4 ST4

Horizontal | vertical | Horizontal Vertical | Horizontal | vertical | Horizontal | vertical

AOS 373 61.3 27.9 68.0 15.2 56.6 12.8 57.0
2.0

Pinnacle 20.2 46.3 121 459 27.3 45.6 18.8 48.4
1K)

K 643.7 | 278.2 746.9 354.4 135 375 12.3 35.0
g

TGO 323 493 324 47.4 15.9 353 135 34.2
.5

aos pin tgo
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Figure 2: The horizontd differences versus baseline distance in solution type 1
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Figure 3: The horizontd differences versus baseline distance in solution type 2
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Figure 4: The horizontd differences versus baseline distance in solution type 3
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Figure 5: The horizontd differences versus baseline distance in solution type 4
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Figure 6: The vertical differences versus baseline distance in solution type 1
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Figure 7: The vertical differences versus baseline distance in solution type 2
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Figure 8: The vertical differences versus baseline distance in solution type 3
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Figure 9: The vertical differences versus baseline distance in solution type 4
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The Results of Ashtech Office Suite 2.0 GPS Software
1. AOS has given the best result by using precise ephemeridesin
ambiquity float solution (S.T.4 in RMS table). This solution is
named iono-free float (Lc frequency option in processing
options) in software The more horizontal position error (as
horizontal differences are shown in graphics) than 10 mm has
been reached in the solutions of baselines longer than 50 km.
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The Resultsof Ashtech Office Suite 2.0 GPS Software

2. The mean correlation coefficient between baseline distances
and RMSE of solution for every baseline solution is 0.55 in fixed
solution and 0.42 in float solution. The mean correlation
coefficient between baseline distances and RMSE of baseline is
0.94 in fixed solution, and 0.77 in float solution. The float
solutions have reduced the correlation between baseline distances
and RMSE of solution and baseline. Using the precise
ephemerides in fixed solutions reduces RMSE of solution 2.29
times.
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The Resultsof Ashtech Office Suite 2.0 GPS Software

3. It has been determined that there is a correlation between
horizontal position errors and height differences of stations by 95
% confidence level and there is not o correlation between
horizontal position errors and baseline distances by 95
confidence level. This situation was not being expected. So the
studies about this Stuation have to be enlarged. There is not a
correlation between vertical position errors (as vertical
differences are shown in graphics) and height differences of
stations, between vertical position errors and baseline distances
by 95% confidence level.
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1. Pinnacle 1.0 has given the best result by using precise
ephemerides in ambiquity fixed solution (S.T. 2 in RM S table). This
solution is named Wide Lane (wide lane option of static engine in
process properties) in software This solution type has a different
algorithm on the contrary, usually known wide lane frequency
(Topcon Corp. 2003). The more horizontal position error than 10
mm has been reached in the solutions of baselines longer than, on
average, 80 km in fixed solutions, 50km in float solutions.
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The Resultsof Pinnacle 1.0 GPS Software

2. There is so low correlation between RMSE of solution and
baseline distance in float solutions. The mean correlation coefficient
between baseline distances and RMSE of solution for every baseline
solution is 0.55 in fixed solution. Using the precise ephemerides has
reduced importantly RM SE of solution in fixed solution. Therefore,
it can be said that the solution, in which the precise ephemerides is
used, is so precise solutions. The investigations have shown that the
mean correlation coefficient between baseline distances and RM SE
of baseline is 0.86 in fixed solution, and 0.67 in float solution.

FIG Working Week and the 8th
International Conference of GSDI in
Cairo from 16 to 21 April 2005, 26

= e -
e ‘}5 i7 1
T

The Resultsof Pinnacle 1.0 GPS Software

3. In the best solution of software, it has been determined that
there is a correlation between horizontal position errors and baseline
distances by 95 % confidence level and there is not o correlation
between horizontal position errors and height differences of stations
by 95 confidence level. The height differences of sations, and
baseline distances have not affected vertical position errors by 95%
confidence level.

FIG Working Week and the 8th
International Conference of GSDI in
Cairo from 16 to 21 April 2005, 27

-

1. SKI 2.3 has given the best result by using precise ephemerides
in ambiguity float solution (S.T.4 in RMS table). This solution is
named iono-free float in software. This solution type is not an
option of processing properties (Leica 1997). The more horizontal
position error than 10 mm has been reached in the solutions of
baselines longer than, on average, 90 km in float solution type.
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2. This software has given big coordinate differences in fixed
solutions. “Ambiguities will only be resolved by SKI on baselines
of 20 km or less. For longer distances, the ambiguity resolution
becomes unreliable. To achieve good results on baselines longer
than 20km you will need to observe for longer periods of time. Note
that even then ambiguities will not be resolved even though results
are achieved to within the system specifications’ (Leica 1997).
Although mentioned information has been known, this software has
been forced to search for a fixed ambiguity solution by increasing a
priori rms of frequency related to baseline distances. So the
investigations have shown that fixed solutions can be used in
baselines of 50 km or less with this software.
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TheResultsof SK123G

3. The correlation coefficient between baseline distances and
RMSE of solution for every baseline solution is 0.92 by using
broadcast ephemerides and 0.79 by using precise ephemerides. It
has been obtained that he correlation coefficient between baseline
distances and RMSE of basdline is 0.73 by using broadcast
ephemerides, and 0.51 by using precise ephemerides. The precise
ephemerides have reduced the correlation between baseline
distances and RM SE of solution and baseline.
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TheResultsof SKI123G
4. Inthe best solution of the software, it has been determined that
there is a correlation between horizontal position errors and height
differences of stations by 95 % confidence level and there is not o
correlation between horizontal position errors and baseline distances
by 95 confidence level. This situation was not being expected. So
the studies about this situation have to be enlarged. There is not

effect of baseline distances and the height differences of stations on
vertical position errors by 95% confidence level.
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TheResultsof TGO 1.5 GPS Software

1. TGO 1.5 has given the best result by using precise ephemerides
in ambiguity float solution (S.T.4 in RMS table). This solution is
named iono-free float in software (solution type option in
processing styles) (Trimble Navigation. Limited, 2001b). The more
horizontal position error than 10 mm has been reached in the
solutions of baselines longer than, on average, 50 km in fixed
solutions, 90 km in float solutions.
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TheResultsof TGO 1.5 GPS Software

2. The precise ephemerides have reduced the correlation between
baseline distances and RMSE of solution and baseline as much as
the correlation is not present. Therefore, it can be said that the
solution, in which the precise ephemerides is used, is S0 precise
solutions,
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TheResultsof TGO 1.5G

3. In the best solution of software, it has been determined that
there is a correlation between horizontal position errors and baseline
distances by 95 % confidence level and there is not o correlation
between horizontal position errors and height differences of stations
by 95 confidence level. The height differences of sations, and
baseline distances have not affected vertical position errors by 95%
confidence level.
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»In this study, the obtained values are valid for baselines of 250 km or
less. Using precise ephemerides in all tested softwares has given the best
results. The observations of permanent stations coordinated by ITRF and
the precise ephemerides of IGS products (if it is not important waiting 13
days,) have to be used obtaining accuracy resultsin GPS projects.

»>Both ambiguity fixed solution and float solutions can be chosen with
Ashtech Office Suite 2.0. and Trimble Geomatics Office 1.5. Firdlly, it
may be suggested using float solutions in these softwares. The ambiguity
float solutions can be used with SKI 2.3. Investigations show that
horizontal position errors are dependent on height difference and
independent basdine length as results of AOS and SKI softwares. This
Stuation was not being expected. Therefore, the more studies about this
situation have to be made.
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CONCL USION

» Pinnacle 1.0 has a specia processing algorithm in Wide Lane
frequency option. This feature has been shown in al fixed
solutions. The ambiguity fixed solutions can be used with
Pinnacle 1.0

¥ According to obtained results and the results of the present written
sources, it is important for the andyst to be aware of certain
characteristics of double-difference solutions that could be
considered "rules-of-thumb". Some of these are;

1. The chances of successful ambiguity resolution are essentially a
function of baseline length, number of satellites tracked, and
length of observation session.

2. The "RMSE of solution" increases with increasing baseline
length. The increase in RMSE of solution is changing according
to software
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3. The coordinae standard deviations and RMSE of solution are
lower for an ambiguity-float (free) solution than for an ambiguity-
fixed solution

4. If there are doubts concerning the quaity of the ambiguity-fixed
solution, it is preferable to accept the ambiguity-float solution in
itsplace.
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