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Abstract

This study examines the accuracy and stability of three prominent Precise Point Positioning (PPP) services:
AUSPOS, Trimble RTX, and OPUS, across varying observation periods from 30 to 180 minutes. Static GNSS
data was collected at eight different locations over a three-hour timeframe. The analysis focused on comparing
the geocentric coordinates (X, Y, Z) obtained from each service, utilizing metrics such as Root Mean Square
Error (RMSE) and standard deviations to assess performance. The results revealed that processing time
significantly influences accuracy, with Trimble RTX demonstrating the highest precision across all intervals.
AUSPOS displayed considerable variations at shorter observation periods, while OPUS exhibited larger
discrepancies, indicating potential challenges in stability. These findings underscore the strengths and
weaknesses of each service, offering critical insights for selecting the most appropriate GNSS processing option
tailored to specific geodetic applications. By highlighting the relationship between observation duration and
positioning accuracy, this study contributes valuable knowledge to the field of geodesy and PPP service

utilization.
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1. Introduction

Technological advancements in various domains
such as geodesy, geotechnical engineering, natural
hazard assessment, and ionospheric research have
created a growing demand for high-accuracy
measurements [1] and [2]. The need for accurate and
precise data has become increasingly crucial in
applications such as landslide monitoring,
underground mining operations, and ionospheric
studies, where even small measurement errors can
have significant consequences for  safety,
productivity, and scientific understanding [3][4] and
[5]. The Global Navigation Satellite System (GNSS)
has transformed the world of positioning and
navigation, enabling accurate and reliable location
information for a broad range of applications [6][7]
and [8]. A constellation of satellites orbiting the Earth
transmit radio signals that are received by ground-
based receivers, which then calculate the receiver's
position, velocity, and time [9][10] and [11]. This
technology has become an indispensable tool in
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modern geodesy, providing precise positioning data
for tasks such as surveying, mapping, and monitoring
[12][13] and [14]. The accuracy of GNSS solutions
depends on several factors, including the quality of
the observed data, processing software, and
processing time [15][16] and [17]. Various GNSS
processing services are available, offering different
levels of accuracy and turnaround times [18]. While
satellite geometry, signal quality, and atmospheric
conditions can affect GNSS positioning accuracy,
this technology remains a vital component of modern
navigation and spatial awareness [19][20] and [21].

Precise Point Positioning (PPP) services have
become a cornerstone of modern geolocation
technology, providing high-accuracy positioning
information for a wide range of applications. The
accuracy of PPP services is unparalleled, with
centimeter-level precision, making them an essential
tool for industries such as surveying, mapping, and
geospatial analysis [22][23] and [24].


https://doi.org/10.52939/ijg.v20i9.3553

One of the key advantages of PPP services is their
ability to provide accurate positioning in real-time,
allowing for rapid response and decision-making.
Additionally, PPP services offer significant cost
savings compared to traditional surveying methods,
as they eliminate the need for on-site data collection
and reduce the requirement for extensive
infrastructure setup [25][26] and [27]. Furthermore,
PPP services are often simpler to implement and use
than other positioning technologies, as they can be
easily accessed through online platforms or software
applications. For instance, many online mapping
platforms and geographic information systems (GIS)
now integrate PPP data to provide users with accurate
and up-to-date information on their surroundings.
With its unparalleled accuracy, simplicity, and cost-
effectiveness, PPP has revolutionized the way we
understand and interact with our environment [28]
[29] and [30].

In the PPP services, a receiver collects GNSS
signals from multiple satellites and transmits the data
to a central server, which then uses sophisticated
algorithms to calculate the receiver's precise position
and attitude. PPP services typically utilize a
combination of global and local reference stations, as
well as advanced models of atmospheric delays and
satellite orbits, to achieve accuracy levels of a few
centimeters [31][32] and [33]. This study provides an
in-depth analysis of three leading Precise Point
Positioning (PPP) services, specifically AUSPOS,
Trimble RTX, and OPUS, which are renowned for
their exceptional accuracy and reliability in providing
high-precision geolocation data. So, let's briefly
introduce each service to provide a comprehensive
understanding of their strengths and capabilities.

Geoscience Australia offers a free online GPS
data processing service called AUSPOS, which
harnesses the International GNSS Service's global
network of stations and products. AUSPOS is
capable of processing GPS data collected anywhere
on the planet. Users can submit high-quality, dual-
frequency GPS data collected in static mode to
AUSPOS, which will generate an email report
providing coordinates in three different reference
frames: Geocentric Datum of Australia 2020
(GDA2020), Geocentric Datum of Australia 1994
(GDA94), and International Terrestrial Reference
Frame (ITRF). Trimble RTX is a global navigation
satellite system (GNSS) technology that provides
extremely accurate positioning, down to centimeters,
anywhere in the world at any time. By uploading
GNSS observation data to the CenterPoint RTX post-
processing service, USers can receive precise
positioning calculations. These calculations are
based on the current reference frame (ITRF2014 for
data collected after March 23rd, 2017).
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NOAA's Online Positioning User Service (OPUS)
offers free access to high-accuracy National Spatial
Reference System (NSRS) coordinates. OPUS
utilizes the same software used to compute
coordinates for the nations geodetic control marks
and the NOAA CORS Network (NCN). Despite their
widespread use, the performance characteristics of
these services for varying observation durations have
received limited study. This study aims to address
this gap by investigating the accuracy and
convergence time of AUSPOS, Trimble RTX, and
OPUS for static GNSS measurements of different
durations. It's worth noting that all three services,
AUSPQOS, Trimble RTX, and OPUS, have specific
requirements for the uploaded data. Specifically, they
all decimate the data to 30-second intervals. The
services accept data in a standardized format,
specifically Rinex 3 (RINEX). RINEX stands for
Receiver Independent Exchange Format, and it is a
widely used format for exchanging GNSS
observation data between receivers and processing
software. Rinex 3 is the third version of this format,
which provides a more efficient and flexible way to
store and exchange GNSS data.

2. Background Research

Previous studies have shown that the accuracy of PPP
is affected by the observation period where longer
observation periods typically result in higher
accuracy due to the increased number of available
satellite observations and reduced effects of noise
and multipath interference [34] and [35]. In a
previous study in the reference 34, investigation
assessed the performance of three global online and
free Precise Point Positioning (PPP) services, namely
CSRS, APPS, and GMV, using GNSS data collected
from four permanent stations located in various
regions of Kyrgyzstan. The study analyzed the PPP
results and found that the maximum deviations in the
planar surface were 2.5 cm and 4.5 cm for 24-hour
and 4-hour GNSS observations, respectively.
Additionally, under optimal satellite observation
conditions, the geodetic height deviations were
approximately 10 cm.

Also, the study in the reference 35 tested a
horizontal coordinate’s correction model based on
the International Terrestrial Reference Frame 2014
(ITRF2014) in Thailand, utilizing the Precise Point
Positioning (PPP) technique implemented in GipsyX
software. The study employed data from
Continuously Operating Reference Stations (CORS)
scattered across the country, with coordinates from
selected points observed twice and divided into
training and check points.
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The PPP technique was applied to obtain 3D
coordinates for all points, and the training points
were used to estimate shift rates between epochs.
Previous studies have explored the accuracy and
performance of different GNSS processing services,
but often focused on specific applications or analyzed
data from specific regions. Some studies have
investigated the impact of processing time on GNSS
accuracy, but not in a comprehensive comparison of
popular services like AUSPOS, Trimble RTX, and
OPUS. Another study in the reference 36 examined
the impact of elevation mask on multi-GNSS
kinematic PPP performance. The study concluded
that while higher masks generally improve accuracy
and speed, a mask below 25 degrees still allows for
good accuracy (5 cm horizontal, 10 cm vertical) after
15 minutes of measurements.

In addition, a comprehensive study in the
reference 37 investigated the various error sources
influencing PPP accuracy, including atmospheric
delays, satellite errors, and site displacements. The
study emphasized the benefits of dual-frequency PPP
for achieving centimeter-level accuracy, supported
by both static IGS data and kinematic road test
results. While previous research has explored the
impact of observation periods and investigated the
error sources, a comprehensive analysis comparing
popular PPP services across different observation
durations is still lacking. Studies often focus on
specific applications or regions, leaving a gap in our
understanding of the general trends and service-
specific behaviors. For example, the impact of
processing time on PPP accuracy has been
investigated in some studies, but not in a
comprehensive  comparison of services like
AUSPQOS, Trimble RTX, and OPUS.

Furthermore, existing research often lacks a
detailed investigation into the stability and variability
of coordinates over varying observation periods. This
information is crucial for understanding the
reliability and consistency of PPP solutions over
time. To address these research gaps, this study
investigates the effect of varying observation periods
on the accuracy of PPP in Lebanon using three
different PPP services. Unlike previous studies that
collected new data, this research utilizes existing raw
data from 8 points in Lebanon, divided into intervals
ranging from 30 minutes to 180 minutes. By
analyzing the coordinate stability and variability
across these observation durations, this study
contributes to a deeper understanding of the optimal
observation period for PPP and its implications for
positioning accuracy. The findings have broader
implications for PPP implementation strategies and
optimization  techniques in various GNSS
applications worldwide.
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3. Methodology and Results

3.1 Data Acquisition

We conducted a comprehensive three-hour
continuous static GNSS measurement campaign
utilizing four TOPCON Hiper V receivers at eight
distinct locations. These receivers are equipped to
track a full range of satellite constellations, including
GPS (L1, L2, and L2C), GLONASS (L1 and L2), and
SBAS. After collecting the data from the receivers,
we transferred it to a computer and processed it using
TOPCON Magnet Tools software. The initial stage
of this process involved defining the antenna type,
specifying the antenna height, and assigning a name
to each measurement point. In the subsequent stage,
we converted the collected data into the RINEX 3
format and exported it as a new file. The final stage
involved splitting the three-hour RINEX file into six
segments of varying durations—30, 60, 90, 120, 150,
and 180 minutes. We accomplished this by utilizing
the “Split” tool, which allowed us to input the desired
segment duration in minutes. This splitting process
was replicated multiple times for each measurement
point to ensure we could accommodate the required
observation periods. The resulting RINEX 3 files
were then exported and prepared for upload to
Precise Point Positioning (PPP) services. The Figure
1 shows the distribution of the observed points in the
territories of the Lebanese Republic.

3.2 Data Processing

After completing the data segmentation process, we
uploaded each segment to AUSPOS and Trimble
RTX to obtain precise positioning solutions. To
access the AUSPOS service, users can navigate to the
website at https://gnss.ga.gov.au/auspos. Once there,
they should upload the RINEX file, and upon
clicking the “Scan” button, the system will
automatically recognize the antenna type and height.
Users are then required to enter their email address
and click “Submit.” They will receive two emails: the
first confirming that the analysis has begun,
accompanied by a specific job number, and the
second containing a PDF report with the submitted
results. The Trimble RTX service can be accessed via
https://trimblertx.com/UploadForm.aspx. Here, users
must select the coordinate system, specify the
tectonic plate, upload the appropriate file, enter their
email address, and finally click the “Process” button.
The server will then send an email with a PDF report
that includes the submission results. In our study, we
specifically selected the ITRF 2014 coordinate
system and the “Arabia” tectonic plate, as the
measurements were conducted in Lebanese territory.
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Figure 1: Distribution of observed points in the Lebanese Republic

Additionally, we uploaded segments of 120 minutes,
150 minutes, and 180 minutes to OPUS, which
requires a minimum observation period of two hours
for processing. The emails received from this service
indicated an “aborted" status for the shorter
observation periods. Users can access OPUS at
https://www.ngs.noaa.gov/OPUS/. On this platform,
they must choose the file to upload, select the antenna
type from the provided list, input the antenna height
and email address, and click the “Upload to Static”
button. Following processing, OPUS sends an email
containing the results of the submission. After
completing the processes with AUSPOS, Trimble
RTX, and OPUS, we downloaded the resulting
solutions and extracted the geocentric coordinates
(X, Y, Z) for further analysis.

4. Data Analysis
Based on the obtained geocentric coordinates from
the 3 services at the selected observation time
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intervals, the analysis are done taking into account
multiple considerations. The graph in Figure 2
presents the average differences in geocentric
coordinates between AUSPOS, Trimble RTX, and
OPUS for the eight points observed at the 180-minute
mark. This chart provides a visual representation of
the average differences in X, Y, and Z coordinates
between the three services at this specific observation
interval. Table 1 presents the coordinates absolute
deviations from 180-minute marks for AUSPOS at
eight points. These values represent the absolute
differences between the actual coordinate values at
each point and their corresponding values at the 180-
minute mark. The table provides a detailed
breakdown of these deviations, allowing for a closer
examination of the discrepancies. At the end of this
table, we also include the mean absolute deviations
for each coordinate (X, Y, and Z) across all eight
points.
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Figure 2: Comparison of the results of the used PPP platforms at 180-minute observation interval
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Table 1: Coordinates absolute deviations from 180-minute marks for AUSPOS results

Coordinates Absolute Deviations from 180 minutes Marks at

Point specified observations interval
Coordinate 30m 60m 90m 120m 150m
X 0.099 0.075 0.004 0.002 0.007
ST1 Y 0.018 0.014 0.005 0.000 0.001
z 0.001 0.019 0.007 0.003 0.002
X 0.028 0.009 0.011 0.012 0.009
ST2 Y 0.029 0.002 0.021 0.002 0.001
4 0.067 0.004 0.007 0.003 0.001
X 0.484 0.066 0.013 0.003 0.003
ST3 Y 0.318 0.040 0.011 0.003 0.003
4 0.072 0.015 0.002 0.004 0.003
X 0.092 0.113 0.041 0.001 0.017
ST4 Y 0.166 0.196 0.019 0.002 0.008
z 0.028 0.075 0.026 0.003 0.010
X 0.739 0.060 0.005 0.006 0.004
ST5 Y 1.313 0.028 0.001 0.001 0.000
z 0.120 0.041 0.003 0.008 0.001
X 0.233 0.005 0.014 0.023 0.011
ST6 Y 0.030 0.051 0.057 0.047 0.022
z 0.115 0.016 0.007 0.019 0.006
X 0.203 0.007 0.000 0.005 0.004
ST7 Y 0.037 0.017 0.007 0.006 0.001
z 0.097 0.018 0.007 0.001 0.003
X 0.549 0.168 0.167 0.000 0.001
ST8 Y 0.033 0.170 0.030 0.015 0.009
z 0.042 0.053 0.060 0.018 0.004
X 0.303 0.063 0.032 0.007 0.007
Mean Y 0.243 0.065 0.019 0.009 0.006
Z 0.068 0.030 0.015 0.007 0.004

Table 2: Coordinates absolute deviations from 180-minute marks for Trimble RTX results

Coordinates Absolute Deviations from 180 minutes Marks at

Point specified observations interval
Coordinate 30m 60m 90m 120m 150m
X 0.023 0.016 0.010 0.004 0.000
ST1 Y 0.027 0.016 0.003 0.005 0.000
Z 0.006 0.001 0.005 0.003 0.000
X 0.018 0.020 0.008 0.003 0.001
ST2 Y 0.023 0.021 0.006 0.007 0.004
Z 0.006 0.009 0.001 0.004 0.003
X 0.005 0.039 0.003 0.005 0.002
ST3 Y 0.036 0.016 0.014 0.005 0.000
Z 0.028 0.001 0.006 0.004 0.002
X 0.010 0.006 0.015 0.012 0.004
ST4 Y 0.035 0.020 0.008 0.011 0.009
Z 0.013 0.002 0.005 0.008 0.004
X 0.033 0.066 0.013 0.012 0.009
ST5 Y 0.042 0.013 0.007 0.004 0.004
Z 0.027 0.066 0.014 0.009 0.001
X 0.034 0.056 0.020 0.007 0.001
ST6 Y 0.033 0.005 0.022 0.023 0.003
VA 0.075 0.044 0.008 0.005 0.004
X 0.014 0.001 0.002 0.007 0.000
ST7 Y 0.005 0.027 0.001 0.001 0.002
Z 0.022 0.013 0.003 0.002 0.001
X 0.026 0.035 0.009 0.006 0.011
ST8 Y 0.212 0.072 0.025 0.014 0.011
Z 0.063 0.000 0.020 0.006 0.011
X 0.020 0.030 0.010 0.007 0.003
Mean Y 0.052 0.024 0.011 0.009 0.004
Z 0.030 0.017 0.008 0.005 0.003
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Table 3: Coordinates absolute deviations from 180-minute marks for OPUS results

Coordinates Absolute Deviations from
180 minutes Marks at specified

Pt observations interval
Coordinate 120m 150m
X 0.001 0.004
ST1 Y 0.011 0.011
Z 0.000 0.008
X 0.044 0.002
ST2 Y 0.039 0.002
Z 0.030 0.003
X 0.023 0.007
ST3 Y 0.017 0.004
Z 0.021 0.006
X 0.029 0.008
ST4 Y 0.022 0.004
V4 0.009 0.002
X 0.026 0.053
ST5 Y 0.051 0.034
V4 0.018 0.009
X 0.008 0.034
ST6 Y 0.059 0.089
Z 0.024 0.039
X 0.006 0.002
ST7 Y 0.002 0.003
V4 0.026 0.003
X 0.086 0.033
ST8 Y 0.009 0.025
V4 0.050 0.016
X 0.028 0.018
Mean Y 0.026 0.021
YA 0.022 0.011

Table 4: The calculated values of RMSE for the results of the 3 platforms

Platform RMSE (m) 30 min 60 min 90 min 120 min 150 min
X 0.387 0.083 0.061 0.010 0.009
AUSPOS Y 0.482 0.095 0.025 0.018 0.009
z 0.078 0.038 0.024 0.010 0.005
X 0.023 0.037 0.011 0.008 0.005
Trimble Y 0.080 0.031 0.014 0.011 0.006
4 0.038 0.029 0.010 0.006 0.005
X - - - 0.038 0.025
OPUS Y - - - 0.033 0.035
Z - - - 0.026 0.016

Table 5: The calculated values of Standard Deviation for the results of the 3 platforms

Platform Standard 30 min 60min  90min  120min 150 min
Deviation (m)

X 0.256 0.057 0.056 0.008 0.005
AUSPOS Y 0.445 0.075 0.018 0.016 0.007
z 0.042 0.024 0.020 0.007 0.003
X 0.011 0.023 0.006 0.003 0.004
Trimble Y 0.066 0.021 0.009 0.007 0.004
z 0.026 0.025 0.006 0.002 0.003
X = = 2 0.027 0.019
OPUS Y = = = 0.021 0.030
z = = . 0.015 0.012
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Following the presentation of AUSPOS deviations,
we now examine the corresponding deviations for
Trimble RTX at the same eight points. The
coordinate’s absolute deviations from 180-minute
marks for Trimble RTX are available in Table 2 of
the Appendix, highlighting the differences in
accuracy between this service and AUSPOS. Note
that we have also calculated the mean absolute
deviations for each coordinate (X, Y, and Z) across
all eight points, which are presented at the end of this
table. Finally, we examine the deviations for OPUS,
which only reports at 120m and 150-minute marks.
The Table 3 in the Appendix presents the coordinates
absolute deviations from these reported marks at the
eight points, highlighting the differences in accuracy
between OPUS and the other two services. Note that
we have also calculated the mean absolute deviations
for each coordinate (X, Y, and Z) across all eight
points, which are presented at the end of this table.
This graph shown in Figure 3 compares the
differences in X, Y, and Z coordinates between
AUSPOS and Trimble services at intervals of 30, 60,
and 90 minutes, with the 180-minute interval serving
as a reference. The graph highlights the performance
of each service in capturing the variations in GNSS
signal reception over time. The graph in Figure 4
showcases the differences in X, Y, and Z coordinates
between all three services (AUSPOS, Trimble RTX,
and OPUS) at intervals of 120 and 150 minutes with
the reference 180 minutes results. The graph provides
a comprehensive view of the performance of each
service in capturing GNSS signals over relatively

longer periods. The Table 4 of the Appendix presents
the calculated Root Mean Square Error (RMSE)
values for the used PPP services at all intervals based
on the results of the 180 minutes intervals, except the
non-obtained results of the 30, 60 and 90 minutes
intervals of OPUS service. In addition, the Table 5 of
the Appendix shows the calculated Standard
Deviations also by assuming that the results of the
180 minutes intervals are the target values.

5. Conclusion

The comparison of the mean geocentric coordinates
of the GNSS data uploaded to three PPP services
reveals an intriguing pattern. While the differences in
Z values are generally smaller compared to those in
X and Y coordinates, indicating a higher degree of
agreement among the three services in terms of
vertical position, the analysis shows that AUSPOS
and Trimble RTX services exhibit relatively small
differences in their coordinate values when compared
to each other. In contrast, OPUS service stands out,
with significantly larger differences in X, Y, and Z
coordinates when compared to the AUSPOS and
Trimble services. This suggests that this service may
have a unique characteristic or processing approach
that affects its positioning accuracy, leading to larger
deviations from the other two services.

Also, the comparison of geocentric coordinates
from AUSPOS and Trimble PPP services at the 30,
60 and 90-minute intervals with the 180-minute
interval reveals distinct patterns. Trimble RTX
service exhibits relatively consistent and stable
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performance across all intervals, with minimal
variations in its coordinate values. In contrast, the
AUSPOS service displays noticeable anomalies and
variations in its coordinates, particularly at shorter
observation time periods (30-60 minutes). These
findings suggest that the Trimble service may be
more robust to short-term fluctuations in the GNSS
signal, while the AUSPOS service may be more
sensitive to these variations. Further investigation is
needed to understand the underlying causes of these
differences in stability and variability.

The comparison of geocentric coordinates from
three PPP services at different intervals (120 and 150
minutes) with the 180-minute interval reveals that
AUSPOS and Trimble RTX services exhibit small
anomalies and good stability, with differences of less
than 1 cm between their coordinate values and the
180-minute interval. In contrast, the OPUS service
shows larger anomalies, with differences ranging
from 1 to 3 cm between its coordinate values and the
180-minute interval. This suggests that the latter
service may be more prone to errors or
inconsistencies in its positioning solution at shorter
observation time periods, while AUSPOS and
Trimble RTX demonstrate better stability and
accuracy. Finally, the values shown in the calculated
RMSE and Standard Deviations show that Trimble
RTX exhibits the highest accuracy and precision,
AUSPOS results at intervals less than 2 hours show
significant anomalies while results of 120 and 150
minutes are more stable, while OPUS requires further
studies to clarify the reasons of the relatively high
anomalies and inconsistent stability. The results
highlight the importance of considering not only the
magnitude of errors but also their distribution and
relationships between different services when
evaluating the performance of GNSS-based
positioning solutions.
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