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SUMMARY

Type the English summary here (about % page) .... Precise Point Positioning (PPP) technique
has been developed as a technique which is providing absolute and high positioning accuracy,
using satellite and clock corrections, with a single GNSS receiver. In this method, with a single
receiver which has double frequency using code and carrier phase observations point
positioning accuracy can be obtained at cm/dm level. The most important problem in precise
point positioning is that convergence time required for phase ambiguities is long.

In this study, on a mechanism created, it is aimed to determine the point positions by a PPP
method by shifting the GNSS receiver at 1-cm intervals at east-west direction. While raw data
were collecting, record interval was selected as 30 seconds and session duration was taken as
24 hours. The raw data were evaluated with Bernese v5.2 GNSS software and Web-based PPP
services (CSRS PPP and Magic GNSS). Coordinates obtained after the evaluation were
compared with 1 cm, 2 cm, 3 ¢cm, 4 cm and 5 cm differences. In conclusion, it is observed that
at1cm, 2 cm, 3 cmand 5 cm, the best results were obtained by CSRS PPP, Magic GNSS and
Bernese v5.2 GNSS software, respectively. Also for 4 cm, the best results were given by the
Magic GNSS method, Bernese v5.2 GNSS software and CSRS PPP, respectively.
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1. INTRODUCTION

The point position was first determined by the post process using Global Navigation Satellite
System (GNSS) technique. Thanks to the development of the technology, the point positioning
have started to be determined in real time. One more reference receiver is needed in point
location with post processing and this makes it impossible the point positioning with a single
GNSS receiver. Due to the conditions such as geographic locations of the point, density of
structuring, the excess of wooded areas, etc, satellite configuration is adversely affected and
accuracy of point positioning falls (Cai ve Gao, 2007; Azab et al., 2011; Rizos et al., 2012;
Anquela et al., 2013; Chen et al., 2013; Alkan et al., 2014).

To overcome point positioning with one more GNSS receivers, Precise Point Positioning (PPP)
technique which is enabling point positioning with a single GNSS receiver has been widely
started to be used in recent years (Zumberge et al., 1997). The PPP technique has become
increasingly popular in recent years (Pan et al. 2017). The PPP method is a special case of the
zero difference method and there is no need to reference stations and simultaneous observation
for the PPP technique like point positioning methods such as Differential GPS and Real Time
Kinematic (RTK). The point positioning is determined by the PPP technique using the GNSS
satellite orbit and clock corrections published by centres such as International GNSS Service
(IGS), Center for Orbit Determination in Europe (CODE), Jet Propulsion Laboratory (JPL).
With the PPP technique, cm / dm accuracy can be achieved with dual frequency receivers in a
global reference frame. However, many other effects such as receiver clock error, tropospheric
delay, satellite antenna error, satellite phase rotation (windup) effect, tidal effect, etc., must be
taken into consideration in order to obtain these accuracies. In addition, the quality of the
receiver-antenna equipment used, the measurement duration and the satellite visibility
conditions, the accuracy of the information received from outside (precision orbit, satellite
clock error etc.), the modelling success of the software used, etc. the accuracy of the PPP
technique can reach the accuracy of cm or even more than cm (Kouba nd Héroux, 2001; Li and
et al., 2014; Yigit et al., 2016; Kouba, 2003; EI-Raggabny, 2006). Also, ambiguity resolution
in the PPP technique can further improve the positioning accuracy to some extent and shorten
the convergence time of PPP technique (Ge et al., 2008, Collins et al. 2008, Laurichesse et al.,
2009, Geng etal., 2009, Liand Zhang, 2012, Li et al., 2015). Even if the PPP technique provides
great profits in terms of cost, the disadvantage of this method is that the measurement duration
iIs minimum 20 minutes (Alcay et al., 2013).

Bernese GNSS software and web-based PPP services ((CSRS-PPP (URL-1) and Magic GNSS
(URL-2)) are widely used to obtain point positions in PPP technique.

In this study, on a mechanism created, it is aimed to determine the point positions by a PPP
method by shifting the GNSS receiver at 1-cm intervals at east-west direction. While raw data
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were collecting, record interval was selected as 30 seconds and session duration was taken as
24 hours. The raw data were evaluated with Bernese v5.2 GNSS software and Web-based PPP
services (CSRS PPP and Magic GNSS). Coordinates obtained after the evaluation were
compared with 1 cm, 2 cm, 3 ¢cm, 4 cm and 5 cm differences.

2. GNSS SOFTWARES USED IN THE STUDY

Scientific and commercial software can be used in evaluating GNSS measurements. Bernese
v5.2 GNSS software and web-based PPP services (CSRS-PPP and Magic GNSS PPP) were
used in evaluating the data in this study.

2.1 Bernese v5.2 GNSS software

The Bernese GNSS Software is a scientific, high-precision, multi-GNSS data processing
software developed at the Astronomical Institute of the University of Bern (AIUB). The
Bernese GNSS Software, Version 5.2, continues in the tradition of its predecessors as a high
performance, high accuracy, and highly flexible reference GPS/GLONASS (GNSS) post-
processing package (Figure 1).

FLTE
Configue _ Campaign  RINEX _ Orbits’/EOP_Processing Semice  Comversion  BPE User Help

Day "Day
= User sercan Campaign S[PYH114303 $Y+0=2014 $S+0=3030

Figure 1. Display of main screen of Bernese v5.2

Typical users of the software are;
e Scientists for research and education

e Survey agencies responsible for high-accuracy GNSS surveys (e.g., first order
networks)
e Agencies responsible to maintain arrays of permanent GNSS receivers
e Commercial users with complex applications demanding high accuracy, reliability, and
high productivity (URL-3)
The features and highlights of the software are;
Available on Unix/Linux, Mac and Windows platforms
User-friendly GUI with a built-in HTML-based help system
Multi-session parallel processing for reprocessing activities
Ready-to-use BPE examples for different applications:
PPP (basic and advanced versions)
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¢ RINEX-to-SINEX (double-difference network processing)
e Clock determination (zero-difference network processing)
e LEO precise orbit determination based on GPS-data
e SLR validation of GNSS or LEO orbits
All examples are designed for combined GPS/GLONASS processing.
Some of them are prepared for an hourly processing scheme.
Program for automated coordinate time series analysis (FODITYS)
Ambiguity resolution for GPS and GLONASS
Flexible parameter handling on normal equation level
Modern troposphere models (e.g., VMF1, GMF/GPT)
¢ lonosphere modelling including higher order ionosphere corrections
e IGS and IERS 2010 conventions compliance
e Combination of different receiver and antenna types
e Galileo processing capability (URL-3)
Typical applications of the software are;
e Rapid processing of small-size single and dual frequency surveys
Automatic processing of permanent networks
Any type of post-processing from near-real time to reprocessing years of GNSS data
Processing of data from a large number of receivers
Combined processing of GPS and GLONASS observations
Analysis of real kinematic receivers (even on airplanes)
lonosphere and troposphere monitoring
Clock estimation and time transfer
Orbit determination for GNSS and Low Earth orbiting satellites together with related
parameters (e.g., Earth orientation parameters)
e SLR orbit validation

2.2 Web-based PPP services

According to commercial and scientific software, web-based PPP services are free online
services are available for users who do not require long-term professional training, do not need
any additional software knowledge, and can easily and effortlessly use different levels of users.
Even if there are some restrictions such as membership requirement, quota of data volume,
version of loaded data, evaluation of data which are collected receivers which have
single/double frequency and evaluation of used GNSS antenna according to brands and models,
they draw a lot of attention.

Table 1 lists properties of the web-based PPP services that are widely used in the world.

Table 1. Web-based PPP services

Properties Techniques
P CSRS-PPP (URL-1) MagicGNSS PPP (URL-2)
Name Canadian Spatial Reference System |MagicGNSS
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Organization

Web pages
Reference system
Antenna corrections

Satellite  orbit
corrections
Elevation masks
GNSS system
Software used
Number of Files to Upload
Processing mode
Frequency

Data Upload Method
Data format

and clock

3. APPLICATION

Natural Research Canada(NRCan)
http://webapp.geod.nrcan.gr.ca
NAD83 / ITRF08

IGS

IGS Final / Rapid / Ultra Rapid

minimum 10°

GPS/ GLONASS
CSRS_PPP

Max 1 file

Static / Kinematic
single/double frequency
webpage, e-mail
RINEX or Hatanaka

GMV Innovation Solution
http://magicgnss.gmv.com/ppp
ITRFO8 / ETRS89

IGS

IGS Final / Rapid / Ultra Rapid

minimum 10°

GPS / GLONASS / GALILEO-ready
Magic GNSS 5.3

Static / Kinematic

single/double frequency

webpage, e-mail

RINEX or Hatanaka

In this study, a single GNSS receiver was shifted by 1 cm interval in the east-west direction
on the created mechanism (Figure 2).

Figure 2. Created mechanism

Data were collected as 24 hours. The data record interval was taken as 5 seconds and the
elevation mask was chosen as 100. The collected data were evaluated with Bernese v5.2
GNSS software and web-based PPP services. It has been researched how close the shift
amounts calculated from the obtained coordinates are to the real value. As a test point in the
study, the point which was established the form of a pillar in the garden of Ministry of
Environment and Urbanisation,Kutahya Provincial Directorate was used (Figure 3).
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Figure 3. The pillar and its location

The coordinates obtained from Bernese v5.2 GNSS software and web-based services have
been converted to projection coordinates. The coordinates obtained after the conversion have
been given in Table 1.

Table 2. The obtained projection coordinates after evaluations (x=499320+, y=4366070+,
h=970+)

Table 2. The obtained projection coordinates after evaluations (x=499320+, y=4366070+,

h=970+)
D Bernese v5.2 GNSS CSRS-PPP Magic GNSS PPP
X y h X y h X y h
1| 3.1443 3.2253 3.7136 | 3.1378 3.2411 3.8287 | 3.1434 3.2387 3.8118
2 131596 3.2247 3.7136 | 3.1500 3.2381  3.8324 | 3.1507 3.2402  3.8180
3 | 3.1662 3.2253 3.7066 | 3.1618 3.2366  3.8280 | 3.1606 3.2349  3.8152
4 131730 3.2271 3.7210 | 3.1681 3.2367 3.8373 | 3.1667 3.2343  3.8293
5 | 31869 3.2310 3.7392 | 3.1827 3.2358 3.8400 | 3.1827 3.2352  3.8282
6 | 3.2021 3.2286 3.7267 | 3.1914 3.2369 3.8370 | 3.1911 3.2367 3.8270
7 | 3.1993 3.2301 3.7307 | 3.2015 3.2376  3.8331 | 3.2004 3.2350  3.8290
8 | 3.2110 3.2307 3.7192 | 3.2087 3.2371  3.8321 | 3.2081 3.2362  3.8266
9 | 3.2297 3.2288 3.7145 | 3.2241 3.2372 3.8287 | 3.2272 3.2335 3.8344
10 | 3.2350 3.2291  3.7067 | 3.2343 3.2401 3.8237 | 3.2362 3.2366  3.8178
11 | 3.2418 3.2278 3.7172 | 3.2414 3.2414  3.8347 | 3.2433 3.2387  3.8390
12 | 3.2477 3.2282 3.7218 | 3.2572 3.2361 3.8286 | 3.2547 3.2348  3.8272
13 | 3.2658 3.2279  3.7277 | 3.2607 3.2371 3.8321 | 3.2649 3.2367 3.8291
14 1 32715 3.2267 3.7142 | 3.2757 3.2335 3.8239 | 3.2774 3.2324  3.8188
15| 3.2824 3.2235 3.7247 | 3.2830 3.2324 3.8299 | 3.2884 3.2338  3.8301
16 | 3.2918 3.2235 3.7375 | 3.2931 3.2347 3.8349 | 3.2952 3.2345 3.8321

In the calculating shifting values after obtained coordinates, the length between i and j points is
calculated:;

5= {0 =3 + (g = %)’ )

The difference between the shifting values and the actual value is calculated;
e=k—s; (k =1,2,3,4,5) 2

The maximum and minimum differences are calculated for the determined differences and are
shown in Table 3.
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Table 3. Calculated maximum and minimum differences for determined differences (mm)

Used software D|ffe.rer1ce lcm 2cm 3cm 4cm 5cm
statistics

Bernese v5.2 Max 68 109 120 71  10.3
Min -88 -104 61 -43 7.9
Max 6.4 2.7 40 41 3.1
CSRS-PPP Min 6.7 -5.8 5.2 -85 -6.0
_ Max 39 31 63 22 2.5
Magic GNSS PPP Min 93 -81 62 66 -105

The root mean squares(rms) for determined differences are calculated
[e€]

m== [— 3)

n

Where, n is the interval number. For example, for 1 cm, n is 15. The rms for determined
differences were shown in Table 4.

Table 4. The rms for determined differences (mm)

Used software lcm 2cm 3cm 4 cm 5cm
Bernese v5.2 10.33 +0.55 +0.44 +0.21 +0.54
CSRS-PPP 1+0.20 10.11 +0.12 +0.23 10.16
Magic GNSS PPP 10.25 +0.22 +0.22 +0.18 +0.37

The graphical representations of the differences were given in Figure 4-8.

> Loa Da
o | NGNS NP

=@-—DBernese v5.2  ==@==CSRS PPP Magic GNSS PPP

Figure 4. Differences from 1 cm
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Figure 5. Differences from 2 cm
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Figure 6. Differences from 3 cm
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Figure 7. Differences from 4 cm
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Figure 8. Differences from 5 cm
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4. RESULTS

Depending on the technology that has evolved in recent years, it is possible to determine the
point locations with a single GNSS receiver in cm / dm accuracy. In this context, PPP
technology is being used effectively.

Point positions with PPP technique are determined by both academic software (Bernese v5.2)
and web based PPP services. The greatest disadvantage in determining the point locations with
the PPP technique is the long measurement durations.

When the Table 3-4 and Figure 4-8 are examined, on a mechanism created, it is aimed to
determine the point positions by a PPP method by shifting the GNSS receiver at 1-cm intervals
at east-west direction. While raw data were collecting, record interval was selected as 30
seconds and session duration was taken as 24 hours. The raw data were evaluated with Bernese
v5.2 GNSS software and Web-based PPP services (CSRS PPP and Magic GNSS). Coordinates
obtained after the evaluation were compared with 1 cm, 2 cm, 3 cm, 4 cm and 5 cm differences.
In conclusion, it is observed that at 1 cm, 2 cm, 3 cm and 5 cm, the best results were obtained
by CSRS PPP, Magic GNSS and Bernese v5.2 GNSS software, respectively. Also for 4 cm, the
best results were given by the Magic GNSS method, Bernese v5.2 GNSS software and CSRS
PPP, respectively.
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