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Abstract

The Precise Point Positioning (PPP) is an absolute positioning method which emerged as an alternative
to the relative positioning method. This method is widely used in many applications in recent years. In
this method the static and kinematic positioning can be performed with high accuracy by using single
GNSS receiver. In the last few years, the PPP method has started to be used in real time (RT-PPP) thanks
to the real-time precise products (satellite orbit and clock data) produced by different organizations like
IGS, BKG, CNES, ESA, EUREF, GFZ etc. The high interest in RT-PPP has accelerated the development
of this method and many software have been developed. Recently, some of the software have ability to
apply integer ambiguity resolution (AR). For this purpose, in this study the positioning performance of
RT-PPP method was tested using two options of PPP-WIZARD software (RT-PPP, RT-PPP-AR). Three
IGS stations were chosen in different geographical regions. The real-time coordinates of the stations
belong to the observation period of about 4 hours were derived simultaneously with the RT-PPP and
RT-PPP-AR options in 1 second epoch interval. The results obtained are given in a comparative
approach.
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1. Introduction

In general, two types of positioning methods are used with GNSS, relative and absolute. Relative
positioning methods are used in many engineering applications that require high accuracy. The
traditional Real Time Kinematic method, which is one of the relative positioning methods, and the
Network-RTK method developed afterwards are widely used in real-time applications [1, 2]. In the
traditional RTK method, an accuracy in cm-level can be obtained by using a reference and rovers.
The base length is limited to about 10 km when correction information is performed via radio
connection, and when provided via the Internet, there is no distance restriction. In the Network-
RTK method, the reference receiver is not needed, and the corrections calculated from the network
are transmitted to the receiver via the internet (GSM) connection. Also in this method, real-time
position information is transmitted to the user with an accuracy of cm level.

In recent years, the interest in PPP method, which is one of the absolute positioning methods, has
increased. In this method, position can be determined by using a single GNSS receiver. Many
studies have been carried out on the performance of the Post Process PPP method [3, 4, 5, 6, 7, 8].
With static and kinematic PPP, a position accuracy of cm-dm level can be achieved. In recent years,
PPP method has started to be used in real time with the IGS-RT service offering orbit and clock
products instantly [9, 10, 11, 12]. In this study, in order to examine whether the RT-PPP-AR option
has superiority comparing to the RT-PPP, both options of PPP-WIZARD software were tested.
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2. Real-Time Software Packages

With the increasing interest in RT-PPP method, various software packages have been developed.
The mostly used software packages are given below. In recent years, AR option can be used some
of the software packages. Among them, PPP-WIZARD and PANDA can realize integer ambiguity
solution.

= PPP-WIZARD (Precise Point Positioning with Integer and Zero-difference Ambiguity

Resolution Demonstrator) [13]

= BKG Nitrip Client (BNC) (v2.12.6) [14]

= RTNET (Real Time NETwork processing Engine) [15]

= P3[16]

= G-NUT/TEFNUT [17]

= PANDA (Positioning and Navigation Data Analyst) [18]

= RTKLIB [19]

Since PPP-WIZARD software is used in this study, details of this software and the options used
are given in the subsection.

2.1. PPP-WIZARD

PPP-WIZARD software was developed by National Center for Space Studies (CNES). The
software can perform integer ambiguity resolution (AR). The full AR can only be performed using
GPS observations. The software has gap-bridging feature, and thanks to this feature, data gaps are
removed [20]. In addition, the software can simultaneously process the data of three receivers.
More details of the software can be found on the CNES website [13]. Details of the options used
in the application are provided in Table 1.

Table 1. The options used in the processes

Parameter PPP-WIZARD v1.4.2
Method RT-PPP / RT-PPP-AR
Satellite system GPS
Cutoff 10°
Sampling interval 1 second
Integer ambiguity resolution With PPP-AR option
Zenith hydrostatic delay (ZHD) Saastamoinen
Mapping Function (MF) 1/sin(e); e: Elevation angle
Orbit/Clock correction SSRAOOCNEO
Orbit/Clock correction format RTCM-SSR
Broadcast ephemeris BCEPOOBKGO
Antenna phase center correction igsl4.atx
Atmospheric tide loading No
Solid earth tide Yes
Phase wind-up Yes
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3. Results and Analysis

In this study, three IGS RT stations (PICL, KOUG, HOB?2) in different parts of the world were
used. The location of the stations are given in Fig. 1.
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Figure 1. Location of the IGS stations

The processes were carried out for approximately 4 hours on 17 June 2020 using two options of
PPP-WIZARD software (RT-PPP and RT-PPP-AR). In order to determine whether there was any
ionosphere-induced storm during the application, geomagnetic storm (kp) [21], geomagnetic
activity (dst) [22] and solar activity (F10.7) [23] indices were examined and it was determined that
there was no storm condition. RT coordinate values of the stations were obtained in ITRF 2014
reference system in 1 second intervals. Since the PPP-WIZARD software can perform the full
ambiguity resolution only using GPS, only GPS data were used in the processes. Then,
measurement epoch coordinates of the stations were obtained from the IGS analysis center. These
coordinates were taken as reference coordinates and real time coordinates obtained in each epoch
were examined according to these coordinates. For this purpose, using the reference coordinates
and real-time coordinates of the stations, a transformation was made from the cartesian coordinate
system to the topocentric coordinate system, which is expressed north (n), east (e) and up (u)
components. These components also represent the difference of RT-PPP coordinates from the
reference coordinates.

Topocentric coordinates of the stations according to the two options (RT-PPP and RT-PPP-AR)
are given in Fig. 2-4.
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Figure 2. RT-PPP and RT-PPP-AR results of PICL station

In Fig. 2, coordinates obtained from RT-PPP and RT-PPP-AR methods belonging to the PICL
station are given. It is seen that the accuracy of = 10 cm are achieved after a convergence time of
approximately 20 minutes by two methods in all components. However after about 07:45 UT the
accuracy of up (u) component reach above 10 cm for both options. While RT-PPP-AR results are
better than RT-PPP in horizontal components, RT-PPP provides better accuracy after 09:00 UT in
vertical component.
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Figure 3. RT-PPP and RT-PPP-AR results of KOUG station
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The results corresponding to KOUG station are given in Fig. 3. It is seen that the convergence time
in horizontal components (~10 min) appears to be shorter than the vertical component (~25 min).
After the convergence times, better accuracy of 10 cm and 20 cm is obtained in horizontal and
vertical components, respectively, using both options. The differences between the RT-PPP-AR
and RT-PPP results of this station are smaller than the PICL and HOB2.
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Figure 4. RT-PPP and RT-PPP-AR results of HOB2 station

When the coordinate values of HOB2 are examined, it is observed that convergence time is longer
(~35 min) than PICL and KOUG. However, unlike other stations, the superiority of RT-PPP-AR
is observed in vertical component, which provide +5 cm accuracy after convergence time. In
addition, RT-PPP-AR results are better after 07:40 UT in all components and provides £ 2 cm
accuracy in horizontal components.

In addition to examining the coordinates for accuracy, standard deviation (std) values for each
coordinate components were calculated to test their repeatability. In addition to std, absolute
maximum, absolute minimum and mean values were also calculated and given in Table 2. In
calculation of mean and std values, first 30 minute, which includes convergence times, were not
taken into consideration.
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Table 2. Basic statistical values of the coordinates

RT-PPP-AR RT-PPP
nicm) e(cm) wu(m) n(m) e(m) u(cm)
Maximum (abs) 72.14 16.67 512.71 72.10 17.13 512.21

Stations  Basic Statistics

Minimum (abs) 001 002 006 00l 002 001
PICL  Mean 038 073 -17.17 073 036 -13.03
std 128 140 423 295 308 458
Maximum (abs) 2019 4232 23411 2019 4232 234.78
Minimum (abs) 001 001 007 00l 00l 001
KOUG  \tean 007 178 -1682  -197 358 -13.44
std 080 262 439 142 215 404
Maximum (abs) 9522  -69.06 7860 9522  69.96  80.41
Minimum (abs) 0.01 0.01 0.01 0.01 0.01 0.01
HOB2  \tean 088 012  -120 08  -159  -6.90
std 249 323 409 167 426 482

As seen in Table 2, similar results were obtained with RT-PPP-AR and RT-PPP in terms of absolute
maximum and absolute minimum. When the mean values are analyzed, it is seen that the
differences between RT-PPP-AR and RT-PPP are less than 2 cm in horizontal components and 6
cm in vertical component. The std values indicate that the repeatability of the horizontal
coordinates is better than the vertical coordinates for both options.

Conclusions

This study examines the performance of RT-PPP and RT-PPP-AR methods using three IGS RTS
stations, which provide RT data. PPP-WIZARD v1.4.2 was used for estimating the coordinates.
The RT-PPP and RT-PPP-AR results were examined in terms of both accuracy and precision. The
results obtained after convergence times exhibit sub-decimeter accuracy using both options in
horizontal components. Although RT-PPP-AR method is expected to give better results in all
components, the superiority of the options varies according to the stations and horizontal-vertical
components. In addition, the std values that indicate the precision of the results are less than 5 cm
for both options after the convergence time.
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