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Abstract

Since the establishment of the International GNSS Service (IGS) stations, they have been used as control stations for as-
signing the Precise point positioning (PPP) positions using one Global Navigation Satellite System (GNSS) receiver,
which has increased from day-to-day. There are some factors affecting the accuracy of PPP positioning. This research
aims to investigate the relation between the IGS distance and observed field points as well as to attempt to describe that
relation mathematically/statically. For the realization of that aim, two field points are fixed inside the Assiut University
campus and observed successively for a session of 24 hour observation. The position of each field point is assigned with
the help of each one of the available IGS station products. It must be known that these products are found after observa-
tions in three files (IGU, IGR, and final IGS), whereas IGU is used directly as real-time data (ultra-rapid), IGR (rapid) is
used through (17-41 hours) after observation, and (final IGS) used after 12 - 18 days. Coordinates and point errors of each
field points are computed and represented. It has been found that the errors have a positive relation with the available
IGS stations distances. The relation between these distances and point positioning errors have been represented and

described according to a model. The accuracy of the presented model is (R = .98, x> = 2.5 x 1073).
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1. Introduction

The Global Navigation satellite system (GNSS) rep-
resents a very important web for human life. It is neces-
sary for integration into many applications so that it is
becoming increasingly ingrained in human behaviour.
GNSS applications have a significant impact on the de-
velopment of countries. These applications include
transportation (road, air, maritime, and rail), and ad-
vanced technologies (timing, scientific survey, earth ob-
servation, and network synchronization). GNSS tech-
nology is critical for the real-time prediction of critical
situations and natural disasters. Furthermore, all levels
of human security in our society are linked to GNSS ap-
plications (Sanou, 2013).

Differential positioning and Precise Point Positioning
(PPP) are the two techniques that fall under the category
of GNSS. In differential positioning, two or more re-
ceivers are used to observe the same satellites at the
same time, with one or more receiver/receivers occupy-
ing known points (Bases) and the other receiver/receiv-
ers occupying the unknown point/points (Rover/Rov-
ers). Since the unknown points’ positioning coordinates
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are related to the base station’s positioning coordinates,
the majority of observation errors can be minimized or
eliminated using different processes (HoremuZ and An-
dersson, 2006). In the end, the user receiver estimates
its position relative to the reference one. Relative posi-
tioning can be achieved using either code or carrier
phases. The differential positioning technique has some
drawbacks, including the need for equipment (at least a
pair of receivers), the requirement for simultaneous ob-
servations at both or all receivers, the limited baseline
length, and reference frame inconsistency. All of these
conditions make differential positioning expensive and
difficult to operate, particularly in remote areas with no
such infrastructure (Andrei, 2011).

In recent years, there has been a steady increase of
interest in achieving high positional accuracy with a
PPP. The need to reduce the cost of differential position-
ing using multiple receivers and save time and effort
while occupying multiple stations has always pushed for
faster steps to achieve higher positional accuracy using a
single receiver (El-Tokhey et al., 2019). Standard Point
Positioning (SPP) and PPP, which are two degrees of the
Absolute Point Positioning (APP) service (based on pre-
cision), are available (Acheampong, 2008; Sunehra,
2013). PPP is a method of positioning that employs un-
differenced pseudo-range and carrier phase observations
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from a single high-precision dual-frequency GNSS re-
ceiver, as well as precise ephemerides and satellite clock
data. This technique avoids the disadvantages of differ-
ential positioning techniques and has the potential to
provide the same positioning accuracy without the need
for a reference station. The success of this system will
improve the operational flexibility of precise positioning
using GNSS while also lowering field operational costs
(Abdel-Salam, 2005).

PPP will also increase the number of GNSS-enabled
applications, such as vehicle navigation, machine con-
trol, and atmospheric sensing. Also, the use of PPP in
real-time GNSS applications, such as earthquake early
warning which has gained traction lately (Ruckstuhl
and Norris, 2009). With the development of GNSS sat-
ellite orbit and clock products, PPP could provide abso-
lute positioning with millimetres and centimetres of pre-
cision of daily solutions for horizontal and vertical com-
ponents, respectively (Gao and Chen, 2004; Hayal and
Sanli, 2016). Because of its simplicity and cost-effec-
tiveness, PPP is rising in popularity among surveyors
(Zumberge et al., 1997). There are several factors that
can affect the accuracy of the PPP technique such as the
quality of satellite orbits and clock corrections generated
from a network of global reference stations, the number
of satellites, satellite geometry, observation duration,
multipath and noise, receiver and antenna quality, ambi-
guity resolution and reference frame consistency (Kou-
ba and Héroux, 2001). It is remarked that there are dif-
ferences in the obtained results (coordinates of the same
occupied field point) corresponding to the different
available International Geodetic Society stations.

El-Rabbany (2002) presented several GPS point posi-
tioning methods. The PPP approach has demonstrated
centimetre-to-decimetre positioning accuracy. To achieve
this level of precision, precise ephemeris and satellite
clock data are used, which is currently available with
some latency. Many researchers and institutions, howev-
er, are developing models for predicting ephemeris and
satellite clock correction, which would enable real-time
PPP. Carlin et al. (2021) viewed PPP as a well-estab-
lished approach for carrier phase-based navigation. Tradi-
tionally, it relies on accurate orbit and clock components
to reach centimetre-level accuracy. The test study found
that employing broadcast ephemerides in a PPP model is
practical with modern GNSS constellations and capable
of achieving accuracies in the order of a few decimeters
and when correcting the signal-in-space range error
(SISRE), compensation techniques are used.

Mosavi et al. (2013) estimated the receiver position
using the Kalman Filter (KF) with pseudo-range data,
carrier phase data, or a combination of these. Then, they
presented the advantages and disadvantages of each. The
accuracy achieved was 23.20 cm for the KF code ob-
servable, 20.83 cm for the KF phase observable, and
12.52 cm for the phase code observables. Chen et al.
(2014) used a new GPS positioning algorithm to im-

prove single-point positioning at short observation times
by combining doppler and code phase measurements.
The results referred to an accuracy of 24 cm for an ob-
servation time of about 1 minute, and an accuracy rang-
ing from 10 to 20 cm for an observation time of about 10
minutes. Guo et al. (2010) presented both static and kin-
ematic testing in PPP solutions using International
GNSS Service (IGS) file 5 min, the 30 s, and 5 s-interval
precise satellite clock products. According to the results
of the tests, the sampling rate of the IGS satellite clock
has very little effect on the static PPP solution. All three
types of precise satellite clock sampling intervals can
satisfy mm-cm level positioning accuracy; a higher sam-
pling rate has no significant improvement for the PPP
solution.

The present work aims to study that phenomenon and
investigate the relation between the distances of differ-
ent IGS stations and the accuracy of field point position.
In this research, the main procedures are as follows. Sec-
tion 2 presents the International GNSS Service. Section
3 describes the field work and observations. Section 4
shows the processing of the observations and results.
Analysis of the results and modelling are contained in
Section 5. Section 6 explains the discussion of the pre-
sent results. Finally, the conclusions and recommenda-
tions are written in section 7.

2. International GNSS Service

The IGS System was established in 1994 as a volun-
tary federation of self-funding organizations, academic
institutions, and research centres from over 100 coun-
tries. The collaboration to provide the highest precision
GNSS satellite orbits in the world offers free and open
access to these products for scientific advancement and
public benefit. It creates products that support the reali-
zation of the International Terrestrial Reference Frame
(ITRF) while maintaining cost-effectiveness. Also, it
works to continuously develop new products and appli-
cations through Working Groups and Pilot Projects.
Thereover, it supports “geodetic research and scholarly
publications” (Ogaja, 2022).

Figure 1 shows the IGS network in 2021. It consists
of several CORS (Continuously Operating Reference
Stations) run by numerous organizations that pool their
resources under the IGS banner. The number of stations
has grown rapidly to 509 stations as of January 31, 2021
(Villiger et al., 2020, 2021).

The GPS, GLONASS, Galileo, BeiDou, QZSS, and
SBAS constellations are all tracked by the IGS global
network of continuously operating geodetic quality sta-
tions. It’s known that Data Centers, Analysis Centers,
the Central Bureau, the Governing Board, and Associate
Members, as well as Pilot Projects and Working Groups,
are all included in the operational structure of IGS. Both
IGS Global Data and numerous Regional Data Centers
store raw station data. The Analysis Center Coordinator,
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Figure 1: The 509 IGS stations as of January 31, 2021. (from Villiger et al., 2021)

Table 1: IGS orbits and clock accuracy. (from TUSAT and Ozyuksel, 2018)

Type Latency Updates Sample Interval
Broadcast orbits Real-ti Dail
eal-time — ai
Sat. clocks /
] ] orbits ; _
Ultra-Rapid (predicted half) Real-time at 03, 09, 15,21 UTC 15 min
Sat. clocks
X orbits .
Ultra-Rapid (observed half) 3 — 9 hours at 03, 09, 15,21 UTC 15 min
Sat. clocks
orbits 15 min
Rapid 17— 41 h t 17 UTC dail
o Sat. & Stn. clocks ours & fn 5 min
orbits 15 min
Final 12-18d Thursd .
na Sat. & Stn. Clocks e e ey Sl 30 S
Stn.: 5 min

who creates the official IGS combined products, receives
products from the Analysis Centers regularly after they
have processed the data (Dow et al., 2009). Since the
advent of the IGS system, broadcast ephemeris, and fi-
nal, rapid, and ultra-quick products, have all advanced
significantly. After receiving and processing tracking
data from GNSS networks, IGS analysis centres inte-
grate these solutions to provide combined IGS orbit/
clock products (Montenbruck et al., 2015; Springer
and Hugentobler, 2001).

There are currently five different types of GNSS sat-
ellite orbit and clock products on the market. The broad-
cast ephemeris and IGS ultra-fast (predicted half) prod-
ucts are primarily intended for real-time applications,
whilst the IGS rapid and final products are intended for
post-processing. The nominal accuracies of broadcast
orbits and clocks, according to the IGS official website

are 1 m and 5 ns, respectively. IGS produces two sorts of
ultra-rapid products: one is observed half with 39% la-
tency and the other is predicted half with no latency.
Ultra-rapid observed-half and predicted-half orbits and
clocks are reported to have nominal accuracy of 3 cm
and 150 ps and 5 cm and 3 ns, respectively. Final and
rapid orbits and clocks are said to have nominal accura-
cies of 2.5 cm and 75 ps, respectively in Table 1 (TU-
SAT and Ozyuksel, 2018).

The processing approach and maximum employed
GNSS stations of the different Analyses Centers deter-
mine the latency and accuracy variances between the
products. The geodetic datum of the solutions is defined
by the processing of final solutions, which contains min-
imal limitations. This indicates that the sum of the rota-
tions of a group of reference frame stations must be zero.
The solution’s reference frame is free in scale and origin
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Figure 2: Study area with both field stations
(TADN and MECH).

for the most part. The reference frame is determined in
the quick and ultra-rapid solutions by closely restricting
the 3D position of a collection of selected reference
GNSS stations. Rapid and ultra-rapid products often
need fewer stations than the final product due to time
constraints. The broadcast ephemeris and IGS ultra-rap-
id (predicted half) products are transmitted without de-
lay. Final, rapid, and ultra-rapid (observed half) IGS
products have latencies of 12-18 days, 17-41 hours, and
3-9 hours, respectively. Every six hours, IGS ultra-rapid
products are updated to reduce the divergence in orbit
fitting over time. Each package has 24 hours of observed
orbits and another 24 hours of anticipated orbits (Ogut-
cu, 2020).

The results are presented in the following sections in-
cluding fieldwork and observations in section 3, process-
ing of observations in section 4, and Mathematical statis-
tical processing of results and modelling in section 5.

3. Fieldwork and observations

The study established two concrete field stations at
Assuit University, it utilized a Trimble R8S geodetic
GNSS receiver which is a multi-constellation and multi-
frequency model.

3.1. Fieldwork

To achieve the aim of the present work, two field sta-
tions sites were selected and established inside the cam-
pus of Assuit University, Egypt. One station termed
(TADN) is fixed on the building surface of the Mining
and Metallurgical Engineering Department, Faculty of
Engineering, and the second one termed (MECH) has
been fixed on the building surface of the Mechanical En-
gineering Department at the same faculty. Figure 2
shows the location of the study area with the two se-
lected field points.

Both stations are constructed from a concrete mixture
and have trapezoidal shapes. The dimensions of each
station are 23.6 cm x 22.6 cm upper surface, 27 cm X
25.7 cm lower surface and 12.8 cm height with 5 cm
depth under the ground. A grove has been made in the
centre of the upper surface area for both field points.
Figure 3 shows both field sites, and the Trimble geo-
detic GNSS receiver setup on the “TADN” field point.

3.2. Field observation

A Trimble R8S geodetic GNSS receiver is used. The
receiver is of the multi-constellation and multi-frequen-
cy model which has 440 channels. This model can track
GPS, GLONASS, Galileo, BeiDou, QZSS, and NavIC
(IRNSS) satellites at positioning speeds of 1 Hz, 2 Hz, 5
Hz, 10 Hz, and 20 Hz. Its positioning accuracy for the
High-Precision Static survey for the R8S receiver is [3

(b)

Figure 3: Field points sites a) “TADN” field station occupied with the Trimble geodetic GNSS receiver
b) “MECH” Station shape and size.
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mm + 0.1 ppm RMS (Horizontal)] and [3.5 mm + 0.4
ppm RMS (Vertical)]. The two stations (TADN and syewoy Jurod p[oy oY) WOy d0UBISIP 1Y)
MECH) are occupied respectively with the GNSS re- 0} 3Ip1009€ pJuULLIL AL SUONEIS SO
ceiver mentioned above at 24 hours for each, and the
observations are gathered by tracking all the available
. . . . . N~~~ o |~ |l | —
satellites in view. Observation times are the GPS weeks S|S 2R 2= 22|95
2195 for (TADN) and 2196 for (MECH) on January 7z E 5 E 5 § E E E E E E
2022. An elevation ma:sk of 12° and a recording interval - B R R R R RS
of one second are applied. = SRR IRNI|R|S
e
ot
4. Processing of observations and results & alzlglgltalalglele
S22 (9| S|
As one of the four Global Data Centres (GDCs), the REF I IFIITFIF T
. . Ll e N e N o) N o) N e N e N e N e ) N e N o)}
Crustal Dynamics Data Information System (CDDIS) 90 |90 |00 | %0 |0 | 0 |00 |00 | 0| 0
supports the IGS’s GNSS data and product archiving. In = DA I I I I AU I I I
this capacity, the CDDIS offers online access to the 'g tlolalsovlolslslol=
GNSS data produced by the IGS network as well as to - 2222 TR 226
. . ) X s njenjenjenfonion | NN A
the working group, core, and pilot project products that 8 dld|d|d|lalalala|aQ
were created using this data. Depending on the time cov- 2 | S =< SISIIGEGEIGEGIGEGEE
erage, the CDDIS stores IGS GNSS data in three differ- %
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ent formats: daily, hourly, and sub-hourly. The 24h of o i A Al Rl Aal ha Al Aal hal e
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. . . @] L NN NN NN jonjonfon | on
00:00:00 to 23:59:30 in GPS time, is sampled every 30 g
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] (=N =l el el el Nl Rl N el Rl N
after the end of the day) (Gurtner and Estey, 2007). g S|S|s|s|s|S|S|s|S|S
Daily, hourly, and sub-hourly high-rate GNSS data are £ S
stored for all sites in type-specific files: observation, 'g_ N = (= e et et el et et e
which includes measurements of the code and phase, = e e e T T T T T T
navigation (either GPS or GLONASS), which includes & Clajalalaaaaaala
the broadcast ephemeris, and meteorological, which in- E e leololowlslolnlolelo
cludes measurements of the temperature, pressure, and & NIRRT R
humidity made by instruments that are co-located. '-5 ZE|S/188/8 88 2lElz 8
. The Receiver INdependent EXchange (RINEX) format ‘g - = g g g g g g % g g g
is used to store all of these types of data, regardless of the S = SRR IRNI|R| S
sampling rate or period (Noll, 2010). Individual Analysis & e
Ceptres (ACS) and Associate Analysis Centers (AACs) g < SSITIRITI® L 2(RS
deliver derived products to the IGS Global Data Centers & g bl e e el B B Bl Bl (e
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the assigned IGS Analysis Center Coordinator (ACC) for £ | =
each product, who subsequently creates a composite prod- ’g TS 22T Iginlelg
uct that is stored at the CDDIS and the other IGS GDCs z SIS ISIS RSB IS (I28|E
from the official website by using GPS time (weeks 2195 2 I B B B B B B s
and 2196) and we can download the IGS orbit files. There = < A A A A A A A A e
are three types of IGS orbit and clock combination solu- < elelele|ele|elele e
tions: final, rapid, and ultra-rapid. The Extended Standard )
Product 3 (SP3c) format is used by all orbit and clock solu- < I R e e I I o B e B RS
tion files (Griffiths and Ray, 2009). S
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4.1. Processing of observations RBlx|% |8 X8|% |2 8% |
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The processing operation of observations is accom- s === === ===
plished through the following stages. M B I I N I M B
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4.1.1. Downloading of GNSS observations
= [©REG) = n §
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Raw data of GNSS observations for both field points 8= é § 719 m E Za £
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and fed into the processing software Trimble Business
Center (TBC). Then, Raw data of GNSS observations
for the available IGS stations are imported from the
Crustal Dynamics Data Information System (CDDIS)
for each station independently and then fed into the same
software (TBC). It must be known that the IGS observa-
tions are of the same day of observations that are carried
out for each one of the field points.

4.1.2. Import and downloading of known data

Geographic (Geodetic) coordinates of IGS stations
are imported via Global Data Centres (GDCs). After
that, Orbital data of the same observation day are down-
loaded from the CDDIS centre. That data includes three
orbital files, each one can be downloaded separately ac-
cording to a certain interval time beginning after ending
the observation day. These files are known as IGU, IGR
and IGS respectively depending on the length of the
available range of that interval time as shown in Table 1.

4.1.3. Performing the processing operation

a) The geographic coordinates of each IGS station
are fed into the TBC program for correcting the
raw coordinates of the station for one of the field
points.

b) In order to produce the adjusted coordinates of the
considered field point in the form of adjusted IGU
coordinates products, the file (IGU) is fed into the
program TBC, where the field point raw observa-
tions, IGS raw observations, as well as the geo-
graphic coordinates of the IGS station, are found.

¢) The preceding process in (b) is performed for the
same field point but taking into consideration each
one of the other available IGS stations.

d) All the above three phases are repeated by taking
into consideration IGR and IGS files respectively
instead of the IGU one.

4.2. Results of the observations

As a result of field observations and their processing
and adjusting through (TBC) software as well as through
the IGS data (raw and geodetic coordinates) and using
the imported orbital files with the help of (CDDIS), the
processed coordinates for each field point are obtained.
It must be taken into consideration that coordinates for
each field point are gained corresponding to each avail-
able IGS station and found in the three forms: IGU, IGR,

and IGS. Tables 2, 3 and 4 include the resulting coordi-
nates in the format of (@, A) and E, N UTM coordinates
for both field points regarding the three products (IGU,
IGR, IGS) corresponding to the IGS station.

5. Mathematical statistical processing
of results and modelling

To describe the relationship between the distance
from the IGS stations and the spatial accuracy of the two
points involved in the research, some mathematical and
statistical steps have been made to develop the optimal
mathematical model among the following models (line-
ar, Polynomial, exponential, Logarithmic, Power, non-
linear), where the relationship was found to be in a non-
linear curve with a minimum precision value involved (1
x 10-6).

5.1. Calculating the reference coordinates
of field points.

The reference coordinates are the estimated ones
which are obtained via the IGS product. The two stations
are occupied respectively with the GNSS receiver at 24
hours for each, and the observations are gathered by
tracking all the available satellites in view. These coordi-
nates are assigned in this research by taking into consid-
eration all the available IGS stations, and their coordi-
nates are produced only in the form of the final IGS
product. Table 5 contains the processed reference coor-
dinates for both field points in the form of geodetic and
ground coordinates.

5.2. Processing of the results

To estimate the relation between IGS distance from
the field point and its positional accuracy, coordinates
and point errors of that point are computed for the three
IGS products (IGU, IGR, and IGS). Coordinate errors
are expressed in the form of coordinate differences be-
tween the coordinates of the field point resulting through
each individual IGS station and the reference coordi-
nates resulting through all the considered IGS stations
for the same field point.

Tables 6 and 7 include the calculations of coordinates
and point errors regarding the distances from IGS sta-
tions at the three products for both field points.

The following Figures 4 and 5 show the errors at both
field points in relation to the IGS station distance respec-
tively.

Table 5: Reference coordinates of both points (TADN and MECH).

Geodetic Ground
Field
T D A E N Remarks
o ' " o ' " [m] [l‘ll]
TADN 27 11 7.88109 31 10 14.43227 318783.970 3008305.826
MECH 27 11 10.07442 31 10 20.23522 318944.667 3008370.999
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Table 6: Errors at TADN station against IGS station distance.

Errors [m]
Station [0 | DISTARCE: IGU IGR IGS Remarks
B DE DN PE DE DN PE DE DN PE
RAMO 515.4859 0.050 | 0.090 | 0.103 | 0.049 | 0.042 | 0.065 | 0.013 | 0.017 | 0.022 Z
DRAG 637.5162 0.074 | 0.102 | 0.126 | 0.054 | 0.064 | 0.084 | 0.016 | 0.024 | 0.029 §
BSHM 722.7974 0.109 | 0.127 | 0.167 | 0.061 | 0.074 | 0.096 | 0.021 | 0.033 | 0.038 o e}
NICO 907.1307 0.121 | 0.132 | 0.179 | 0.076 | 0.084 | 0.114 | 0.025 | 0.041 | 0.048 § g
MERS 1080.1969 0.144 | 0.158 | 0.214 | 0.082 | 0.092 | 0.123 | 0.035 | 0.057 | 0.067 § §
1ZMI 1300.3903 0.163 | 0.186 | 0.247 | 0.097 | 0.099 | 0.138 | 0.056 | 0.066 | 0.087 B 8
ANKR 1416.4615 0.175 | 0.189 | 0.257 | 0.108 | 0.114 | 0.156 | 0.072 | 0.078 | 0.107 § ?i
ISBA 1445.9557 0.198 | 0.205 | 0.285 | 0.117 | 0.127 | 0.173 | 0.073 | 0.084 | 0.111 § 5
ORID 1815.4245 0.219 | 0.228 | 0.317 | 0.121 | 0.136 | 0.182 | 0.088 | 0.089 | 0.125 § g
DJIG 2120.5280 0.234 | 0.355 | 0.425 | 0.145 | 0.174 | 0.226 | 0.093 | 0.097 | 0.134 & e
Table 7: Errors at MECH station against IGS station distance.
Errors [m]
Station ID DISIII;?\/[N]CE’ IGU IGR IGS Remarks
DE DN PE DE DN PE DE DN PE

RAMO 515.3293 0.082 | 0.118 | 0.144 | 0.042 | 0.052 | 0.066 | 0.014 | 0.022 | 0.026

DRAG 637.3637 0.090 | 0.128 | 0.156 | 0.064 | 0.060 | 0.087 | 0.015 | 0.027 | 0.031 ;
BSHM 722.6596 0.095 | 0.136 | 0.166 | 0.084 | 0.072 | 0.111 | 0.019 | 0.034 | 0.039 o R
NICO 907.0298 0.103 | 0.139 | 0.174 | 0.098 | 0.084 | 0.129 | 0.028 | 0.039 | 0.048 § g
MERS 1080.0914 0.112 | 0.158 | 0.194 | 0.102 | 0.095 | 0.139 | 0.034 | 0.043 | 0.055 *d‘é i
1ZMI 1300.3705 0.128 | 0.172 | 0.214 | 0.126 | 0.109 | 0.166 | 0.046 | 0.057 | 0.074 T E
ANKR 1416.3796 0.145 | 0.188 | 0.238 | 0.134 | 0.117 | 0.178 | 0.051 | 0.065 | 0.083 § E
ISBA 1445.7851 0.178 | 0.193 | 0.263 | 0.135 | 0.125 | 0.184 | 0.069 | 0.076 | 0.103 § §
ORID 1815.4436 0.194 | 0.224 | 0.296 | 0.142 | 0.144 | 0.202 | 0.080 | 0.082 | 0.114 ;ﬁ §
DJIG 2120.4852 0.227 | 0.372 | 0436 | 0.143 | 0.154 | 0.210 | 0.088 | 0.097 | 0.131 & o
where:

DE: East coordinates errors, m,

DN: North coordinates errors, m,

PE: Point errors, m.
5.3. Modelling of the results Where:

To investigate the relationship between the IGS sta-
tion distance and positional accuracy and to estimate the
best evaluation for this relation, a fitting has been made
for point positional errors versus the different used IGS
stations distance. That fitting has been made for each
one of IGS products (IGU, IGR, and IGS) individually.
Excel and Kaleida graph software are utilized in this re-
spect. Values of “PE” in Tables 6 and 7 for the men-
tioned products are applied. Figures 6 and 7 show the
fitting curves for positional errors (PE) according to the
IGS station distances of points (TADN and MECH).

That fitting can be described through the following
model:

PE =1x10"% +-m, x D+ m, x D" (1)

PE — point positional error in meters,

D — IGS station distance to field points in kilometres,

ml, m2 and m3 — constants which have the following
values according to each one of the three products as
shown in Table 8.

6. Discussion

PPP is a more recent method than differential posi-
tioning for static positioning with mm- to cm-level ac-
curacy using a single geodetic-grade GNSS receiver and
a precisely predetermined satellite orbit. The choice of
orbit and IGS station is important for PPP because the
baseline and satellite orbit have a direct impact on the
station coordinates. In this study, the PPP horizontal rel-
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ative accuracy of the widely used GNSS analysis centre
IGS stations (RAMO, DRAG, BSHM, NICO, MERS,
IZMI, ANKR, ISBA, ORID, and DJIG) with three dif-
ferent orbit files (IGU, IGR, and IGS) at two geodetic
points (TADN and MECH) on January 20, 2022 (GPS
week of the Year 2195 and 2196) was examined, with

their final products being taken as the true value. As
shown in Tables 6 and 7 as well as in Figures 4 and 5
regarding TADN and MECH points, respectively, we
noticed that at a minimum distance for the study area of
station RAMO (baseline = 515.4859 and 515.3293 KM)
to points TADN and MECH, respectively, IGU orbit
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files east coordinate, north coordinate, and point error
are 6.6 cm, 9.65 cm, and 12.35 cm, respectively. Also,
the IGR orbit files’ east coordinate, north coordinate,
and point error are 4.55 cm, 4.7 cm, and 6.55 cm, respec-
tively. Finally, for the TADN point, the IGS orbit files’
east coordinate, north coordinate, and point error are
1.35 cm, 1.95 cm, and 2.4 cm, respectively. Then, at a

maximum distance for the study area is station DJIG
(baseline = 2120.528 and 2120.4852 km) to points
TADN and MECH, respectively, the IGU orbit files’ east
coordinate, north coordinate, and point error are 23.05
cm, 36.35 cm, and 43.05 cm. Also, the IGR orbit files’
east coordinate, north coordinate, and point error are
14.4 cm, 16.4 cm, and 21.8 cm, respectively. Finally, for
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Table 8: Values of the model factors raising the accuracy of positioning using an IGS product

Factor |IGU IGR Final IGS (an IGU orbit file).

m, 0.03231 -5.262 x 10 -4.772 x 107

m, 003201 8971 x 104 |5.530 x 107 Acknowledgement

m, LU0 UESEEL e The authors would like to extend their sincere appre-

the TADN point, the IGS orbit files’ east coordinate,
north coordinate, and point error are 9.05 cm, 9.7 cm,
and 13.25 cm, respectively. So, the east and north coor-
dinates errors increase as the IGS station is farther. Also,
point-positional errors reveal the same tendency. It is
noticed that this increase in errors happens in a similar
manner for each IGS product (IGU, IGR, and IGS).
Through a sharp view of the coordinate and point errors,
it is evident that the increase in slow rate until a distance
of approximately 1500 km, then the increasing rate be-
comes a little more. Fitting the relation (see Figures 6
and 7) between the IGS distance and point error is obvi-
ously of good suitability as it verifies the important sta-
tistical requirements (R = .98, x> = 2.5 x 107).
where:

R: the correlation coefficient,

x*: Chi-square tests factor.

7. Conclusion and recommendations

In this paper, two locations are set up on the Assiut
University campus and consecutively monitored for a
period of 24 hours of observation. Each IGS station
product that is available is used to determine the location
of each field point. IGU (ultra-rapid) is used immedi-
ately as real-time data, IGR (rapid) is used after observa-
tion (17-41 hours), and IGS (final) is used after 1218
days. Each field point>s coordinates and point errors are
calculated and shown.

The results of this work demonstrated that the PPP is;
to a high extent, applicable for many surveying tasks
with the help of the IGS service. This technique is par-
ticularly useful in remote areas where there are no local
reference stations available, or for applications that re-
quire high accuracy but do not require real-time posi-
tioning. With a single receiver and IGS station data, es-
tablishing a network of control points with known coor-
dinates can be used as reference points for other surveys
or mapping projects, such as construction, land develop-
ment, and mapping. In summary, the high accuracy and
precision achievable with this approach make it a valu-
able tool for many different types of projects and appli-
cations. The accuracy of PPP has a positive relationship
with IGS closeness from the site under consideration.
Using a certain IGS product depends on the required ac-
curacy to be achieved. The proposed predicting relation
is suitable for pre-estimating the point positional accu-
racy at a certain IGS distance according to the used IGS
product. It is recommended to study the possibility of

ciation to the Canadian ESL Centre for their invaluable
assistance with reviewing and editing.
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SAZETAK

Utjecaj duljine IGS baze na to¢nost pozicioniranja GNSS-a

Od uspostave postaja Medunarodnoga GNSS servisa (IGS) iz dana u dan povecava se koristenje kontrolnih stanica za
dodjelu poloZaja precizne tocke (PPP) pomocu jednoga prijamnika Globalnoga satelitskog navigacijskog sustava (GNSS).
Postoje neki ¢imbenici koji utje¢u na to¢nost PPP pozicioniranja. Cilj je ovoga istraZivanja istraziti odnos izmedu IGS
udaljenosti i promatranih toc¢aka polja te opisati taj odnos matematicki i staticki. Za realizaciju toga cilja dvije terenske
tocke fiksirane su unutar kampusa Sveudili§ta Assiut i promatrane sukcesivno tijekom sesije promatranja od 24 sata.
PolozZaj svake tocke polja dodjeljuje se uz pomoc¢ svakoga od dostupnih proizvoda IGS stanica. Bitno je napomenuti da se
ti produkti nalaze u tri datoteke (IGU, IGR i kona¢ni IGS) nakon promatranja, dok se IGU koristi izravno kao podatci u
stvarnome vremenu (ultra-rapid), IGR (rapid) kroz 17 - 41 sat nakon promatranja, a konaéni IGS nakon 12 - 18 dana.
Koordinate i pogreske toc¢aka svake tocke polja izrac¢unane su i prikazane. Utvrdeno je da su pogreske u pozitivhom
odnosu s dostupnim udaljenostima IGS postaja. Odnos izmedu tih udaljenosti i pogresaka pozicioniranja tocke prikazan
je i opisan prema modelu. To¢nost je prikazanoga modela R = .98, x2 = 2.5 x 10-3.
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GNSS stanice, IGS, JPP, CDDIS, datoteke Orbit
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