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Abstract
The use of the Precise Point Positioning (PPP) technique has become very advantageous with the development of GNSS 
positioning technology. It is possible to get highly accurate position information without the need of any reference sta-
tion data using the PPP technique. However, there are various factors that affect the accuracy of PPP solutions, including 
the initial phase ambiguity solution type, which can be fixed or float, atmospheric effects, observation length, used satel-
lite systems, and used precise products. The Canadian Spatial Reference System-Precise Point Positioning (CSRS-PPP) 
service, one of the online PPP services, was updated on October 20th, 2020, and upgraded to version 3, capable of the 
Ambiguity-Fixed (PPP-AR) solution. Prior to this date, the service had offered the Ambiguity-Float (PPP-Float) solution. 
In this study, it is aimed to investigate the effect of using different satellite systems (GPS, GPS&GLONASS), length of 
observation time, static/kinematic processing modes, and initial phase ambiguity solution types on PPP accuracy. The 
daily observation data of ANKR, ISTA, IZMI, MERS, and KRS1 IGS GNSS stations located within the borders of Türkiye, 
divided into different sub-sessions (1-hour, 2-hours, 4-hours, 8-hours, and 12-hours) were processed using CSRS-PPP 
web-based service as PPP-Float before the update and PPP-AR after the update. As a result of the comparison, the com-
bined use of GPS & GLONASS satellite systems instead of using GPS satellites alone has increased horizontal and vertical 
accuracy in both static/kinematic PPP-Float and PPP-AR solutions. Considering the static solutions, horizontal and 
vertical position accuracies increase as the observation time increases in both ambiguity solution methods using differ-
ent constellations. In the case of comparison of the ambiguity solution methods, it was found that the PPP-AR approach 
offered higher accuracy than the PPP-Float in all solution cases.
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1. Introduction

Precise Point Positioning (PPP) is an absolute posi-
tioning technique that enables the determination of a 
point position with up to centimeter-level or even more 
accuracy with a single GNSS receiver using precise 
products of GNSS satellites. With the development of 
technology and the ease of access to it worldwide, posi-
tioning systems and methods have also developed. The 
most important of these developments is the diversifica-
tion of positioning constellations and the increased num-
ber of active satellites. In parallel with these develop-
ments, IGS started the Multi-GNSS Experiment 
(MGEX) project to get the precise multi-GNSS products 
in the same datum and time system. There are various 
studies that have been done to reveal the importance of 
the PPP technique in the positioning community, espe-
cially since 2000 (Choy et al., 2017; Dawidowicz, 

2020; DeSanto et al., 2019; Erol et al., 2020; Facio 
and Berber, 2020; Héroux and Kouba, 2001; Katsi-
gianni et al., 2019; Kiliszek et al., 2018; Pırtı et al., 
2023; Topal and Akpinar, 2022).

Many academic and commercial desktop software  
are available for processing GNSS data using the PPP 
technique in post-mission and real-time modes. Besides, 
there are several web-based post-mission PPP services 
provided by different organizations. One of the major 
benefits of online GNSS PPP services is that they are 
free, precise, and user-friendly. Web-based services do 
not necessitate any extra software or particular features 
on the computer. The online PPP services need only a 
single GNSS receiver data file and choosing some basic 
options, such as data processing modes (static/kine
matic), antenna type of receiver, and reference coordi-
nate system (Bahadur and Üstün, 2014). After upload-
ing the data, the services start to process and send the 
results to users in various formats after a short period of 
time, depending on the size of the collected GNSS data, 
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internet speed, and server traffic. These results contain 
not only PPP coordinates, but also additional informa-
tion (processing parameters, accuracy measures, number 
of satellites, satellite visibility, zenith tropospheric de-
lay, dilution of precision) that will enable the interpreta-
tion of the solutions, enriching them with graphs and 
tables. While some services only accept GPS observa-
tions, many of them support other satellite constellations 
in their calculations and produce a multi-GNSS PPP so-
lution. On the other hand, one of the most important 
parts of the PPP technique is the solution type of initial 
phase ambiguities, which can be fixed or float. A limited 
number of services provide PPP-AR solutions, while 
most of them solve ambiguities as a float. Fixing the am-
biguities, also called PPP with Ambiguity Resolution 
(PPP-AR), gives more accurate solutions than ambiguity 
float (PPP-Float) solutions. There are different ap-
proaches to performing ambiguity fixed solutions, such 
as the “Decoupled Clock Model” (Collins, 2008; Col-
lins et al., 2010), “Single-Difference Between Satellites 
Method” (Ge et al., 2008), and the “Integer Phase Clock 
Model” (Laurichesse et al., 2009).

The Canadian Spatial Reference System - Precise 
Point Positioning (CSRS-PPP) service, operated by Na-
tional Resources Canada (NRCan), is one of the most 
popularly used web-based online PPP services. CSRS-
PPP has provided PPP service over the web since 2003 
(Klatt and Johnson, 2017). Thanks to the update on 
October 20th, 2020, CSRS-PPP started to produce the 
Ambiguity-Fixed (PPP-AR) solution for GPS satellites. 
This PPP-AR feature, which comes with this update, is 
provided according to the Decoupled Clock Model first 
defined by Collins in 2008 (Collins, 2008).

As an alternative to the CSRS-PPP service, Trimble 
Company also has a web-based online post-processing 
PPP service called CenterPoint RTX (Real Time eXtend-
ed), which produces the PPP-AR solution. In addition to 
this post-processing PPP (RTX-PP) service offered free of 
charge, the company also offers commercial real-time 
PPP (RT-PPP) service with the same name. Both post-
processing and real-time services support Multi-GNSS 
(GPS, GLONASS, Galileo, BeiDou, QZSS) constella-
tions and use the same products that are produced in real-
time (Doucet et al., 2012). According to the official Trim-
ble RTX webpage, RTX-PP service has an accuracy level 
of 2 cm or better for horizontal and 6 cm for vertical for 
the minimum 1-hour static observation period. However, 
as long as the static observation time increases, horizontal 
and vertical accuracies reach to 1 cm and 3 cm, respec-
tively (URL-1). Although it has been stated that this ser-
vice provides a solution with the PPP-AR approach, in 
general, worse results have been obtained than with the 
CSRS-PPP-Float (Mutlu et al., 2020).

In the scope of the study, an accuracy comparison was 
performed for CSRS-PPP-Float and CSRS-PPP-AR 
(PPP-Fixed) solutions. In order to test the positioning 
performance of the updated CSRS-PPP online service, 

daily observations obtained from several International 
GNSS Service (IGS) stations located in Türkiye, namely 
ISTA, ANKR, IZMI, MERS, and KRS1, dated January 
1st, 2020, were used. The daily observations were split 
into sub-sessions as 1, 2, 4, 8, and 12 hourly data groups, 
and each observation group was processed according to 
GPS-only (G) and GPS&GLONASS (GR) constella-
tions. The version 3 update of the CSRS-PPP service in 
October 2020, provided an opportunity to compare the 
accuracy performances of PPP-AR against PPP-Float 
solutions. Within the scope of this study, all data were 
processed as PPP-Float before the update and as PPP-
AR afterward. The static and kinematic PPP-AR accu-
racy performance of the CSRS-PPP online service was 
tested according to different constellations (G and GR) 
and different observation durations and compared with 
the PPP-Float solutions of the service.

2. Precise Point Positioning (PPP)
The PPP technique was originally proposed by An-

derle in 1976 (Anderle, 1976) and subsequently refined 
by Zumberge et al. in 1997 (Zumberge et al., 1997). 
Since then, it has been widely utilized in various static/
kinematic, scientific/practical applications as real-time/
post-processed, across the world.

The fact that users can collect data with a single GNSS 
receiver to determine the position information provides 
freedom of operation, makes the technique easy to apply, 
and significantly reduces the cost of measurement. De-
spite these important advantages, the technique also has 
some shortcomings, the most important of which is a con-
vergence time of 20-30 minutes or more required to 
achieve accuracy in centimeters. This situation makes the 
technique difficult or even restricted to be used in real-
time applications. However, convergence time is not a 
major obstacle for post-mission PPP processing because, 
in this case, the data is processed forward and backward 
and combined optimally. PPP ambiguity fixed solutions 
contribute to the shortening of the convergence time and 
provide higher accuracy and reliability than the ambiguity 
float solution (Bisnath and Collins, 2012). The code and 
phase observation equations for the multi-GNSS PPP 
model are given below (Hofmann-Wellenhof et al., 
2007; Xiao, 2022; Xu and Xu, 2007):

	

	 �(1)

In the equations, r and i represent the receiver and 
signal frequency, respectively, and S shows the GNSS 
type (G: GPS, R: GLONASS, etc.). Also,  is code ob-
servation (m),  is phase observation (m),  is the 
geometric distance between satellites and receiver (m), c 
is the speed of light (m/s), dtr is receiver clock error (s), 
dts is satellite clock error (s),  is tropospheric delay(m), 
fi is the frequency of related signal (Hz),  is the slant 
ionospheric delay on the first carrier frequency (m),  
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and  are the code hardware delays (bias) of receiver 
and satellite (m), Ni is phase ambiguity, λi is wavelength 
of related signal frequency (m),  and  are receiver 
and satellite phase hardware delays (bias) in meter and ε 
represents other non-modelled errors including mul-
tipath error (m). But, to eliminate first-order ionospheric 
delay, iono-free (IF) linear combinations of phase and 
code observation equations are produced with the help 
of a combination of dual frequencies as given below 
(Zumberge et al., 1997).

	

	

	

	 � (2)

The satellite iono-free code and phase biases (  and 
) are included in satellite clock errors (  and ) 

according to the combination principle. In addition, the 
receiver clock errors (  and ) are estimated as 
including an iono-free combination of the receiver code 
and phase biases (  and ). So that, if clock errors 
and related biases are assigned to single variables, the 
equations will be as follows:

	

	

	

	 � (3)

Equations that need to be obtained to produce the am-
biguity fixed solution are the Wide-Lane phase equation, 
the Narrow-Lane pseudo-range equation, and also the 
Hatch-Melbourne-Wübbena (HMW) function, which 
eliminates atmospheric delays, geometric distance, sat-
ellite and receiver clock errors (Hatch, 1983; Mel-
bourne, 1985; Wübbena, 1985).

The Wide-Lane phase combination ( ) can be 
written as:
	

	

	

	

	 � (4)

The Narrow-Lane code combination ( ) can be 
written as:
	

	

	

	 � (5)

HMW function can be obtained with the help of  
and  functions as follows:

	

	

	 � (6)

So far, general PPP GNSS observations and linear 
functions have been explained, and from here on, the 
Decoupled Clock Model (DCM) method has been elabo-
rated since the CSRS-PPP web-based online service pro-
duces the solution according to the DCM method. DCM, 
which contains separate satellite clocks for code and 
phase observations, was developed by Collins et al. 
(2010). For the DCM solution, 3 different equations de-
rived above and given below are used.

	

	

	 � (7)

In the solutions to be made according to this model, 
the parameters are divided into two as satellite and re-
ceiver DCM parameters ( , , ) and ( , 

, ), respectively. Suppose the solution is to be 
implemented for one station. In that case, the unknowns 
are, respectively 3 coordinates, 3 receiver DCM param-
eters, 3n (n: number of satellites) satellite DCM param-
eters, 1 tropospheric delay, and 2(n-1) NWL and N1 ambi-
guities. Since the number of unknown variables is high, 
satellite DCM parameters should be calculated with the 
help of network solutions.

The satellite DCM parameters ( , , ) ob-
tained from the network solution are required for the 
PPP-AR solution with a single receiver by using DCM. 
By knowing the satellite DCM parameters and determin-
ing the ambiguity datum, the unknown parameters be-
come estimable for the DCM equations. So, the integer 
NWL and N1 ambiguities can be directly estimated in the 
functional model. Suppose the satellite DCM parameters 
and the ambiguity datum are available. In that case, the 
unknown parameters become 3 coordinates, 3 receiver 
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DCM parameters, 1 tropospheric delay, and 2(n-1) am-
biguities (NWL and N1) in DCM. In this case, the degree 
of freedom can be calculated as n-5, so a minimum of 5 
satellites must be observed in order to perform the PPP-
AR according to DCM (Shi, 2012; Shi and Gao, 2014).

Unlike the “Decoupled Clock Model”, which isolates 
receiver/satellite code/phase biases from integer ambi-
guities, the “Single-Difference between Satellites Meth-
od” first estimates the real-valued IF ambiguity and then 
recovers the integer property by applying satellite frac-
tional-cycle bias (FCB) corrections (Shi and Gao, 
2014). The integer property of PPP ambiguities in this 
method can be recovered with the satellite wide-lane and 
N1 FCB corrections. In the “Integer Phase Clock Mod-
el”, the wide-lane satellite bias corrections are used to 
resolve the integer wide-lane ambiguity, whereas the in-
teger N1 ambiguity is directly estimated (Laurichesse et 
al., 2009; Loyer et al., 2012).

3. �The Canadian Spatial Reference 
System-PPP (CSRS-PPP)

The Canadian Spatial Reference System Precise Point 
Positioning (CSRS-PPP) service provided by Natural 
Resources Canada (NRCan) has been offering free of 
charge PPP solutions to all scientific and commercial us-
ers around the world since 2003 (Klatt and Johnson, 
2017). CSRS-PPP has reduced the complex sequence 
operations of GNSS data processing to a form that users 
can easily perceive. It has been designed to provide us-
ers with a straightforward and efficient way to estimate 
the position even without theoretical knowledge of 
GNSS and PPP (Klatt and Johnson, 2017). Single or 
dual-frequency GNSS data can be used to produce static 
or kinematic PPP coordinates, and the users just need to 
upload an observation file (RINEX, *.zip, *.gzip, *.gz, 
*.z, *.YYo) to the website by selecting processing op-
tions such as reference frame (NAD83 or ITRF), pro-
cessing mode (static or kinematic) and Ocean Tide 
Loading (OTL) file. After that, related solutions are sent 
to the stated valid e-mail addresses. During the process, 
the service uses GPS and GLONASS observation data, 
but it is planned to use all GNSS constellations and sig-
nals in the near future (URL-2). CSRS-PPP has provid-
ed solutions as PPP-Float until October 20th, 2020. After 
this date, the CSRS-PPP system upgraded to CSRS-
PPP-Ambiguity Resolution (PPP-AR), and solutions 
were produced by fixing the GPS ambiguities based on 
the decoupled clock model (DCM) (Banville et al., 
2021) for the data collected after January 1st, 2018. 
Thanks to the PPP-AR technique used by the new ver-
sion of the CSRS-PPP service, the convergence time re-
quired to achieve centimeter accuracy has been reduced, 
and the accuracy of the east component improved by 
about 50% (Atiz and Kalayci, 2021). The CSRS-PPP 
service evaluated the GNSS data using the best precise 
satellite orbit and clock products (ultra-rapid, rapid, or 

final) that IGS/NRCan have produced at that time and 
calculated PPP coordinates as static or kinematic. IGS 
products, produced with the help of the worldwide IGS 
network of 515 stations, include orbit and clock infor-
mation of satellites in high accuracy; this is the main 
advantage of CSRS-PPP because the most critical error 
sources of PPP are orbit and clock product quality. How-
ever, the new version of CSRS-PPP, which is CSRS-
PPP-AR, uses precise satellite orbit and clock products 
that are ultra-rapid (DCU), rapid (DCR), and final (DCF) 
products produced by NRCan to perform ambiguity res-
olution. DCF products are a combination of the IGS final 
orbits file and the clock corrections data, which is pro-
duced by NRCan (Banville, 2020). CSRS-PPP process-
es the data of dual-frequency multi-GNSS (GPS and 
GLONASS) data obtained by static or kinematic obser-
vation and performs these calculations using SPARK 
(Simon’s PPP with Ambiguity Resolution using a Kal-
man filter), an academic software.

4. Case Study

In this study, the static and kinematic positioning per-
formance of the CSRS-PPP online service was investi-
gated for different observation lengths, and GNSS con-
stellations. Furthermore, the effect of ambiguity solution 
strategies, i.e. float and ambiguity-fix, on the PPP solu-
tion was also examined. Within this frame, the handled 
GNSS dataset was processed with the PPP-Float ap-
proach and once again, PPP-AR. In this way, the contri-
bution of PPP-AR solutions over the float ones was as-
sessed in terms of horizontal and vertical position accu-
racies. In the context of the study, the ISTA, ANKR, 
IZMI, MERS, and KRS1 reference stations from the 
IGS Network were used as a dataset. All stations are 
within Türkiye’s boundaries, as shown in Figure 1.

In the study, the daily multi-GNSS data of the IGS 
reference stations on January 1st, 2020 (GPS Week: 2086 
and GPS Day: 001) were used. The necessary observa-
tion files were downloaded from the IGS web page. It 
should be noted here that although multi-GNSS (GPS, 
GLONASS, Galileo, BeiDou, and SBAS) observations 
were collected at the selected reference stations, only 
GPS and GLONASS observations were considered 
since the CSRS-PPP service can provide GPS-only and 
GPS&GLONASS solutions. Thus, the daily RINEX 
files were formed into two categories as GPS-only and 
combined GPS&GLONASS observations using GFZ-
RNX open-source software (Nischan, 2016) to investi-
gate the contribution of the GLONASS system on PPP 
solutions. After that, how the observation period affects 
the accuracy of the PPP position was investigated. In or-
der to investigate this, station observations were divided 
into different time sessions. The daily observation data 
on 1st day of 2020 for all used IGS stations were divided 
into shorter sessions as 1-hourly, 2-hourly, 4-hourly, 
8-hourly, and 12-hourly with respect to satellite systems 
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as GPS-only (G) and a combination of GPS&GLONASS 
(GR) constellations, given in Figure 2. Totally, for both 
G and GR combination of 5 stations, 480 RINEX files [1 
hourly (24 pieces), 2 hourly (12 pieces), 4 hourly (6 
pieces), 8 hourly (3 pieces), 12 hourly (2 pieces), 24 
hourly (1 piece)] were processed as both PPP-Float and 
PPP-AR using the CSRS online service.

Within the scope of this study, all RINEX data with dif-
ferent GNSS constellations and observation durations for 
all stations were processed as static and kinematic PPP-
Float using CSRS-PPP v2.32.0 service before October 
20th, 2020, and then the same processes were done again to 
get the PPP-AR solutions using CSRS-PPP v3.45.0 ser-
vice, after October 20th, 2020. The processing options used 
in two different versions of the online service are given in 
the table below (see Table 1) (Banville et al., 2021).

After uploading all observation files to the CSRS-PPP 
service via its web-based interface, PPP results were 

sent to us via e-mail. The results contained PPP-derived 
current epoch ITRF coordinates, graphs, and some other 
reports. According to the results, there were some prob-
lems with the ANKR station observations. So, the results 
of the ANKR station were excluded from the study. 
Mean PDOP values and statistics for the number of sat-
ellites (NoS) for the stations were given in Table 2.

When Table 2 was investigated, it was seen that with 
the use of GLONASS satellites together with GPS satel-
lites, the mean number of satellites increased by 70% to 
reach approximately 20 satellites, and the PDOP value 
decreased by 30% to 1.3. The GPS and GLONASS L1 
and L2 code multipath and SNR quality drawings ob-
tained using BNC software (URL-3) were presented as 
skyplots in Figure 3.

When the skyplots were analysed, for the GNSS ob-
servations above the 7.5-degree elevation angle, it can 
be stated that the average of GPS and GLONASS L1 and 
L2 code multipath values at ISTA station was 30 cm. In 
addition, SNR values were on average 50 dbHz. Average 
multipath values for both frequencies at the IZMI station 
were 30 cm for GPS and 50 cm for GLONASS. The 
IZMI SNR values were 50 dbHz, similar to the ISTA sta-
tion. But at the IZMI station, the SNR value of the GPS 
L2 frequency dropped to 30 dbHz at low elevation an-
gles (between 7.5-30 degrees). Although the average 
multipath values in the KRS1 station were similar to the 
values in the IZMI station, there were some 1.5-2 meter 
multipath values above the 7.5-degree elevation angle 
because of the metal-clad roof that the station installed 
(see Figure 4). When the SNR values at the KRS1 sta-
tion were investigated, it can be stated that the SNR val-
ues of the L2 measurements below the 30 degrees eleva-
tion angle for both satellite systems were below the 35 
dbHz limit value (Elango et al., 2017). For the last sta-
tion, MERS, the average of GPS and GLONASS L1 and 
L2 code multipath values were 20 cm, much lower than 
other stations’ multipath values. The average SNR val-

Figure 1: Location of IGS stations used in the study (created with Wessel et al., 2019).

Figure 2: File hierarchy for RINEX files concerning 
constellations and observation durations.
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Table 1: Processing options used by CSRS PPP-Float  
and PPP-AR versions.

CSRS-PPP Version SPARK v2.32.0 SPARK v3.45.0
Processing Mode Static, Kinematic Static, Kinematic

GNSS Systems GPS & 
GLONASS

GPS & 
GLONASS

Observations Phase & Code Phase & Code
Observation Interval 
(second) 30 30

Elevation Cut-off 
(degrees) 7.5 7.5

Frequency Used L1 & L2 L1 & L2
Precise Satellite 
Products IGS Final NRCan Final

Phase Center 
Corrections IGS (ATX) IGS (ATX)

Reference Frame ITRF14 ITRF14
Ionospheric Model L3 (IF) L3 (IF)
Mapping Function VMF1 VMF1
Priori Tropospheric 
Model Applied Applied

Code biases Applied Applied
Phase biases - Applied
Phase wind-up Modelled Modelled
Solid Earth and Polar 
Tides Modelled Modelled

Marker (Station) 
Coordinates Estimated Estimated

Tropospheric Zenith 
Delay (TZD) Estimated Estimated

Receiver Clock 
Offset Estimated Estimated

Ambiguity 
Resolution Float Fixed

Table 2: The statistics of the number of satellites (NoS) and mean PDOP values for the used IGS stations.

Station ID
GPS-Only GPS&GLONASS

Min Mean Max PDOP Min Mean Max PDOP
ANKR 5 6 8 8.4 9 13 17 2.1
ISTA 10 12 14 1.8 18 21 25 1.3
IZMI 10 12 14 1.8 17 19 22 1.4
KRS1 10 12 14 1.7 16 20 23 1.3
MERS 10 12 15 1.8 19 22 26 1.3

ues were similar for both satellite systems and their fre-
quencies at 50 dbHz. As a result, the GNSS measure-
ment quality at the KRS1 station was worse than the 
other stations, and the total number of cycle-slips at this 
station was quite high compared to other stations. The 
daily data for a number of cycle-slips obtained from the 
EUREF website of the KRS1 station for 2020 were giv-
en in Figure 4. According to Figure 4, cycle slips oc-
curred in an average of 4000 of the observations ob-

tained from GPS satellites and 8000 of the observations 
obtained from GLONASS satellites, which were moni-
tored daily in the year 2020 at station KRS1.

5. Numerical Results
All GNSS RINEX observation files (384 in total with-

out ANKR stations) containing GPS-only and GPS& 
GLONASS combination of all stations were processed 
as static in PPP-Float and PPP-AR mode using CSRS-
PPP online service. Static solution coordinate values ob-
tained for each station were compared with the known 
ITRF coordinates of the stations. By using GPS-only, 
GPS&GLONASS PPP-Float and PPP-AR static solu-
tions and the known ITRF coordinates of the stations, 
horizontal (2D) and height (h) differences and RMS val-
ues were calculated for all observation durations (1h, 2h, 
4h, 8h, 12h, 24h). Thus, online PPP-AR service perfor-
mance according to different constellations and observa-
tion durations was tested and compared with PPP-Float 
solutions. Figure 5 shows the static PPP-AR and PPP-
Float horizontal and height differences for all stations at 
different observation durations and constellations. Fig-
ure 6 shows the horizontal and height RMS values for 
all station static PPP solutions according to observation 
durations, ambiguity solution types, and constellations. 
It should be noted here that the CSRS-PPP service up-
graded to version 3 only fixes the ambiguities of GPS 
satellites, not for GLONASS. In the rest of the text, the 
PPP-Float and PPP-AR solutions will be named Float 
and Fixed, respectively.

When Figure 6 was investigated, it can be stated that 
the station with the lowest horizontal and vertical accu-
racy was KRS1, and the ISTA station had the highest 
accuracy for all solutions. The reason for the low posi-
tion accuracy at the KRS1 station was probably related 
to the number of cycle-slips, multipath, and SNR values 
(see Figures 3 and 4). The different horizontal and verti-
cal accuracies for all stations were related to changes in 
the quality of the observations depending on the receiver 
types, the troposphere conditions, and the environmental 
factors around the stations. When Figure 6 was inspect-
ed, it can be stated that when R observations were com-
bined with the G observations, horizontal and vertical 
accuracies provided improvement in both Float and 
Fixed solutions. However, Fixed solution accuracies for 
horizontal and vertical components significantly im-
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Figure 3: Multipath (left) and SNR (right) quality plots of GPS (G)  
and GLONASS (R) L1 and L2 observations for the IGS stations.

Figure 4: Number of cycle-slips at KRS1 station for GPS and GLONASS observations (left) and the location  
of the station on the metal-clad roof (right) (URL-4).
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2D differences for G-only solutions (a) 2D differences for GR solutions (b)

h differences for G-only solutions (c) h differences for GR solutions (d)

Figure 5: Static PPP solutions horizontal (2D) (top) and height (h) (bottom) differences for ISTA, IZMI, KRS1, and MERS 
stations according to constellations, ambiguity solution types, and duration times. (Each section of the figure has 1h, 2h, 4h, 

8h, 12h, and 24h differences from top to bottom, respectively.)

proved compared to Float accuracies. As can be seen 
from the static PPP solutions of all stations, in order to 
improve the position accuracy, especially at 1-hour and 
2-hour observation durations, the implementation of the 
PPP-AR solution was much more effective than adding 
GLONASS satellites to the solution (see Figures 5 and 
6). When the AR ratios of static solutions were exam-
ined, it was obtained that the average AR rates of 1-hour 
solutions were over 90%, except for KRS1, and KRS1 

was around 80%. Besides, if the observation periods of 
4-hours or more, AR rates were determined over 95%. 
With the increase in observation duration, the accuracy 
of both Float and Fixed 2D and h solutions have in-
creased for the G and GR observation groups. This result 
was valid for all stations. As a result of investigating the 
accuracies obtained from the static PPP solutions of the 
1-hour observation groups of the ISTA station, the 2D 
horizontal accuracies for Float-G, Float-GR, Fixed-G, 
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2D RMS values for ISTA (a) h RMS values for ISTA (b)

2D RMS values for IZMI (c) h RMS values for IZMI (d)

2D RMS values for KRS1 (e) h RMS values for KRS1 (f)

2D RMS values for MERS (g) h RMS values for MERS (h)

Figure 6: Static PPP solutions horizontal (2D) (left) and height (h) (right) RMS values for ISTA, IZMI, KRS1,  
and MERS stations according to constellations, ambiguity solution types, and duration times.

and Fixed-GR were obtained as 22 mm, 18 mm, 4 mm, 
and 4 mm, respectively. Also, the height accuracies were 
found as 21 mm, 19 mm, 11 mm, and 10 mm in the same 
order. For the KRS1 station, 2D accuracies were found 
as 45 mm, 40 mm, 31 mm, and 19 mm; and height ac-
curacies were found as 45 mm, 32 mm, 32 mm, and 19 
mm, again in the same order. The 2D and height accura-
cies obtained in 2-hour measurements increased by ap-
proximately 50% compared to those obtained from 
1-hour measurements. Except for the KRS1 station, 
Fixed solutions increased the accuracy by 50% in 1-hour 
and 2-hour solutions compared to the Float solutions 
both horizontally and vertically. For the observation du-

rations longer than 2-hours, whether G, GR, Float, or 
Fixed solution, the horizontal position accuracy was bet-
ter than 5 mm, the height accuracy was better than 1 cm, 
and the height RMS value decreased to 5 mm as the ob-
servation time increased.

In addition to static PPP solutions, each station’s 24-
hour data Float and Fixed kinematic PPP solutions were 
also compared with the known ITRF coordinates. The 
created time series and scatter plots for two solution 
strategies and two constellations were presented in Fig-
ure 7 for all stations. Also, the easting, northing, and 
height RMS values were calculated from the obtained 
differences. The RMS values of the kinematic PPP solu-
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(a) G-only solutions 

tions using both constellations and ambiguity solution 
strategies are given in Figure 8 for all stations. Accord-
ing to Figure 7 and Figure 8 below for each station, 
both Float and Fixed kinematic PPP solutions have 
slightly increased the horizontal and height accuracy 
with the help of R observations. Similarly, in both G  
and GR kinematic PPP solutions, the Fixed solution  
has increased the horizontal position and height accu
racy compared to the Float solution. When the AR ratios 
of kinematic solutions were examined, it was noti- 
ced that similar values were obtained with static solu-
tions.

According to Figure 8, 2D horizontal position accu-
racies for each station were below 15 mm for Float-G 
and less than 10mm for Float-GR, Fixed-G, and Fixed-
GR kinematic solutions. The height accuracies were ob-
tained below 20 mm for Float-G and Fixed-G and around 
15 mm for Float-GR and Fixed-GR, except for the KRS1 
station.

6. Discussion and Conclusion

In this study, the static and kinematic accuracy im-
provement of the online PPP-AR solution service, an 
updated version of the CSRS-PPP service in October 
2020, compared to the previous version of the service, 
which offered a PPP-Float solution, was investigated. 
Also, the performance of the CSRS-PPP-AR service 
was analyzed according to observation durations and the 
GNSS constellations used in the processing. For this 
purpose, daily observation data of 5 different IGS sta-
tions located into the border of Türkiye were used and 
processed with CSRS-PPP online post-processing ser-
vice before and after the update as static and kinematic 
mode. First of all, the multi-GNSS daily RINEX data of 
the stations were prepared as two different daily data: 
GPS-only and GPS&GLONASS satellite systems. Then, 
each RINEX data group was divided into the sub-data 
groups into 1-hours, 2-hours, 4-hours, 8-hours, and 
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Figure 7: Time series and scatter plots for Float/Fixed G-only (a) and GR (b) kinematic solutions.

  

  
(b) GR combined solutions 



12-hours with the GFZRNX open-source software. All 
RINEX data were processed as PPP-Float before the up-
date and PPP-AR after the update using CSRS-PPP on-
line service and compared with the known coordinates 
(ITRF) for each station.

In light of the results obtained from CSRS-PPP Float 
and Fixed solutions, it was obtained that the static PPP 
solutions of GPS and GPS&GLONASS data groups 
with different observation times provide accuracy in the 
order of cm to mm horizontally and vertically. With the 
addition of the GLONASS observations to the GPS ob-
servations, the horizontal and vertical accuracy increased 
in static PPP processes for both PPP-Float and PPP-AR 
and at all observation durations. Besides, as the observa-
tion duration increases, both static PPP-Float and static 
PPP-AR horizontal and vertical position accuracies also 
increased. The PPP-AR positioning technique has in-
creased the horizontal and vertical position accuracy for 
both static and kinematic modes and for the whole satel-

lite systems and observation durations, compared to the 
PPP-Float technique. According to the static and kine-
matic PPP-Float and PPP-AR solutions of the CSRS-
PPP service, the highest accuracy was obtained by pro-
cessing the 24-hourly GPS&GLONASS combination 
using the PPP-AR solution. Horizontal and vertical ac-
curacies obtained from 24-hourly static PPP solutions 
are better than 5mm. In general, according to the static 
PPP solutions performed for 1-hour and 2-hour observa-
tion durations, the horizontal position and height accura-
cies are at the cm level. For observation durations from 
4-hours to 24-hours, the accuracy values gradually in-
crease to the level of millimeters. According to the hori-
zontal and vertical accuracies obtained from static PPP-
Float solutions performed for 1-hour and 2-hour obser-
vation durations, PPP-AR solutions increased the 
horizontal and vertical position accuracy by 50%.

As a result of this study, if the horizontal or vertical ac-
curacy of 3 cm is desired using the PPP static technique, 
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Figure 8: Kinematic PPP-Float and PPP-AR RMS values.

1-hour of observation is sufficient. If below cm-level ac-
curacy is required, the PPP-AR technique can be used 
with 1-hour of observations, depending on the data quali-
ty. The accuracies obtained from the 1-hour of observa-
tion can be increased by %50 for both PPP-Float and PPP-
AR by doubling the observation duration (2-hours). Be-
sides, 2-hours of static solutions using PPP-AR are 
sufficient for millimeter-level horizontal accuracy. If both 
horizontal and vertical accuracy is desired in mm-level in 
static mode, evaluating the minimum 4-hour observations 
using PPP-AR solution is sufficient.

Taking everything into consideration, it can be em-
phasized that the PPP-AR solution, which is included in 
the new version v3.45.0 of the CSRS-PPP service, sig-
nificantly improves the horizontal position and height 
accuracies. With this upgrade, CSRS-PPP service has 
become a more alternative to classical relative position-
ing in terms of accuracy. In conclusion, the use of AR-
supported PPP techniques in engineering studies that 
require more accuracy will increase, and the PPP-AR 
technique will be preferred more because it’s easy and 
economical to use.
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SAŽETAK

Analiza performansi statičkoga i kinematičkoga PPP-AR servisa temeljene  
na internetu pri naknadnoj obradi

Korištenje tehnike preciznoga pozicioniranja (PPP) postalo je vrlo povoljno s razvojem tehnologije GNSS pozicioniranja. 
Moguće je dobiti vrlo precizne informacije o položaju bez potrebe za podatcima referentne stanice korištenjem PPP teh-
nike. Međutim, postoje različiti čimbenici koji utječu na točnost rješenja PPP-a, uključujući vrstu rješenja dvosmisleno-
sti početne faze koja može biti fiksna ili pomična, atmosferske učinke, duljinu promatranja, korištene satelitske sustave 
i korištene precizne proizvode. Usluga Canadian Spatial Reference System-Precise Point Positioning (CSRS-PPP) jedna 
od internetskih PPP usluga, ažurirana je 20. listopada 2020. i nadograđena na verziju 3, koja podržava rješenje s fiksnom 
dvosmislenošću (PPP-AR). Do sada je usluga nudila rješenje Ambiguity-Float (PPP-Float). U ovoj studiji cilj je istražiti 
učinak korištenja različitih satelitskih sustava (GPS, GPS&GLONASS), duljine vremena promatranja, statičkih/kinema-
tičkih načina obrade i tipova rješenja dvosmislenosti početne faze na točnost PPP-a. Dnevni podatci motrenja ANKR, 
ISTA, IZMI, MERS i KRS1 IGS GNSS postaja koje se nalaze unutar granica Turske podijeljeni u različite podsesije (1-satni, 
2-satni, 4-satni, 8-satni i 12-satni) obrađeni su korištenjem CSRS-PPP internetske usluge kao PPP-Float prije ažuriranja 
i PPP-AR nakon ažuriranja. Kao rezultat usporedbe, kombinirana upotreba GPS i GLONASS satelitskih sustava umjesto 
korištenja samih GPS satelita povećala je horizontalnu i vertikalnu točnost u statičkim/kinematičkim PPP-Float i PPP-
AR rješenjima. Uzimajući u obzir statička rješenja, horizontalna i vertikalna točnost položaja povećavaju se kako se po-
većava vrijeme promatranja u objema metodama rješenja višeznačnosti koristeći se različitim konstelacijama. U slučaju 
usporedbe metoda rješavanja višeznačnosti utvrđeno je da PPP-AR pristup nudi veću točnost od PPP-Float u svim sluča-
jevima rješenja.

Ključne riječi: 
GPS, GLONASS, PPP-AR, PPP-Float, CSRS-PPP

Authors’ contribution

Bilal Mutlu: Methodology, investigation, validation, visualization, software. Serdar Erol: Conceptualization, supervi-
sion, validation, analysis, writing-reviewing, and editing. Reha Metin Alkan: Conceptualization, supervision, valida
tion, analysis, writing-reviewing, and editing.


