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Abstract: The processing of GPS observations in precise positioning is complex and
requires professional surveyors since it must be carried out after each static
measurement. In GPS network adjustment, the obtaining of the correct coordi-
nates of the determined point is possible after determining the components of
GPS vectors and aligning the networks of these vectors, while PPP requires the
availability of precise products for the reference satellites orbits and clock. For
that reason, surveyors can take advantage of free online GPS data processing.
In this paper, the authors compare the results obtained from different sources
of free online GPS data processing (AUSPOS, OPUS, CenterPoint RTX, APPS,
MagicGNSS, CSRS-PPP, GAPS, and SCOUT) in terms of their accuracy, avail-
ability, and operation. This is then compared with free GPS processing soft-
ware (gLAB and RTKLIB), and finally with commercial software (TBC Trimble
Business Center). The results show that online processing services are more ac-
curate than offline processing software, which indicates the strength of their al-
gorithms and processes. The CSRS-PPP online service had the best results. The
difference between the relative solution of AUSPOS and OPUS, and CSRS-PPP
is insignificant.
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1. Introduction

The majority of the users of GPS data employ it effectively in different engi-
neering and geodetic projects as an alternate solution to traditional surveying meth-
ods [1]. In order to achieve a high degree of precision in terms of location, the use of
differential positioning techniques is required in field measurements and in the pro-
cessing of GPS data using License postprocessing or Commercial software employed
by GPS experts [2]. This software required user training and experience [1]. As an
alternative option, a number of agencies have therefore established user-friendly
web-based services to calculate high accuracy positioning [3]. During the last sever-
al years, some research centers, universities, and organizations have adopted new
methods for GPS data analysis and processing in order to achieve high-precision
GPS locations [4-10]. One of those methods is the online web-based GNSS analysis
tool, that calculates user coordinates to a precision of centimeters [11] is the Online
Positioning User Service (OPUS) which is controlled by the National Geodetic Sur-
vey (NGS) [12], and AUSPOS which is the online static GPS position program of
Geoscience Australia [13]. A computer with Internet access and a web browser are
the only condition to use these programs, which are usually offered free of charge
and for unlimited use [2].

There have been a number of scientific publications in recent years that have
discussed various features of these services. Abd-Elazeem et al. [14] assessed the
CSRS-PPP online processing service for mapping applications, the results conclud-
ed that the CSRS-PPP produces a horizontal error of a few decimeters. Ocalan [15]
assessed the accuracy for the observation duration of 3-hours at different online ser-
vices with the commercial processing software TopconTools v8.2 in a forest environ-
ment, the results give effective solutions. Kong et al. [16] analyzed the accuracy of the
AUSPOS and CSRS-PPP using ten permanent GPS sites for the NGII (National Geo-
graphic Information Institute), the processing results coordinates are compared with
published NGII. El Shouny and Miky [17] assessed the accuracy of several relative
and PPP online services, and recommended that to achieve high accurate processing
results, the observation time should be more than two hours. Ghoddousi-Fard and
Dare [18] submitted a different set of RINEX observation files varying in locations
and times to the online services, the results illustrate that for ten hours observation
duration by dual-frequency geodetic receivers, GPS users can expect reliable online
processing results anywhere in the world.

Surveyors can use online raw GPS data processing services to save time and
money [19]. The motivation behind this paper is an evaluation of a variety of
GPS data processing online services and software in terms of their precision, avail-
ability, and facility. The results were acquired from the free online GPS data pro-
cessing services (AUSPOS, OPUS, CenterPoint RTX, APPS, MagicGNSS, CSRS-PPP,
GAPS, and SCOUT) before being compared with each other and then with free GPS
processing software (gLAB and RTKLIB) and commercial software (TBC Trimble
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Business Center). To accomplish this task, five CORS stations were distributed in
different topographic regions in Iraq, and their coordinates were used to evaluate
the accuracy of the online services and the software.

2. Materials and Methods

In recent years, several institutions have developed rigorous online processing
services and GPS software to allow GPS operators to deliver free GPS processing
solutions. GPS operators send the RINAX file to the online system in RINEX format
and the coordinate location of the GPS receiver is returned in minutes or within
a short time. Table 1 outlines a comparison of these services and software.

To assess the services and the software, raw GNSS observation data for 15 days
(1.04.2019-15.04.2019) for the GNSS network of five CORS stations (ISBA, ISER,
ISKU, ISNA, ZAXO) located in Iraq, Figure 1 are processed using all the services and
the software in Table 1. The station coordinates are well known and can be founded
on the NGS website, the method of the accuracy analysis depending on the differ-
ences in the coordinates between reference station coordinates and the estimated

station coordinates from the online processing or the software.

Table 1. Online GPS processing services and software

Service or | Post-processing Website Organization Ref.
software mode frame
PPP (static or . . NASA - Jet Propul-

APPS kinematic) https://pppx.gdgps.net/submitx sion Laboratory (JPL) ITRF2014
. PPP (static or . . GMYV Innovating
MagicGNSS kinematic) https://magicgnss.gmv.com/ppp/ Solutions ITRF2014
CSRS-PPP _ https://webapp.geod.nrcan.gc.ca/ Natural Resources ITRF2014
geod/tools-outils/ppp.php Canada
CenterPoint . https://trimblertx.com/ .
RTX PPP (static) UploadForm.aspx Trimble ITRF2014
PPP (static or . University of New
GAPS kinematic) http://gaps.gge.unb.ca/ Brunswick ITRF2014
AUSPOS relative (static) | https://gnss.ga.gov.au/auspos Geoscience Australia | ITRF2014
OPUS relative (staticor |y o eodesy noaa.gov/OPUs/ | National Geodetic |1 rpp)gpy
rapid static) Survey
. . University of Califor-
SCOUT relative (static) http://sopac.ucsd.edu/scout.shtml | . . ITRF2008
nia, San Diego
SPP, PPP, SBAS, | https://gage.upc.edu/ European Space
gLAB DGNSS glab-download/ Agency WS84
SPP, PPP, . . N
RTKLIB DGNSS, relative http://www.rtklib.com/ Tohoku University WGS84
TBC rel'atlve, network Ge'nerally Dghvered with GNSS Trimble WGS84
adjustment Trimble receivers
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Fig. 1. Points locations in Iraq

2.1. Online Precise Point Positioning (PPP) Services
APPS

To calculate the location of the user GPS receivers, if they are static, kinematic
in the air, or on the ground, APPS supports GPS observation files from the NASA
Jet Propulsion Laboratory, applying the most sophisticated GPS processing technol-
ogy. APPS uses:

— GPS orbit/clock errors from the GDGPS Program of JPL in real-time,

— correct GPS clock and orbit errors weekly and daily from JPL,

— JPL’s software of GIPSY-OASIS used for GPS measurement post-processing.

The following upload choices are provided by APPS for the observation file:

— For quick processing, manually via the website.

— Users can email APPS and define the type of processing required.

— The user can upload and automatically download GPS calculation files
through a particular area in the APPS Secure FTP server [11].

MagicGNSS

As part of its 25 years of professional experience, the magicGNSS System inte-
grates state-of-the-art GMV GNSS algorithms. The following facilities are provided
through magicGNSS’ web service:

— Determination of clock and precise orbit for multi-constellation.

— Double and single-frequency multi-constellation system Precise Point Posi-

tioning (PPP).

— Long-term ephemeris products for multi-constellation to provide predictions

and high-precision GNSS orbit and clock for A-GNSS projects.

— Station control and monitoring program that allows for real-time monitoring

and observation by predefined KPI of the specified network of reference sta-
tions [20].
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CSRS-PPP

The free online GNSS data post-processing program allows users to deter-
mine a higher precision of their raw observational data. CSRS-PPP utilizes accurate
GNSS orbit ephemerides to generate accurate coordinates with a constant “abso-
lute” precision, despite where GNSS users on the world, regardless of how close
GNSS users are to the known base stations. RINEX observation data files can be sent
from GNSS users throughout the internet from single or dual-frequency GNSS re-
ceivers run on a kinematic or a static observation method and the final coordinates
will be in International Terrestrial Reference Frame (ITRF) and the Canadian Spatial
Reference System [19, 21].

CenterPoint RTX

In mid-2011, CenterPoint RTX was launched to provide precise centimeter
locations for static and/or kinematic applications in real-time. The RTX solutions
are internationally accessible via the website it can be adopted for real-time appli-
cations for Trimble users. The Trimble GPS company also provides an open web
platform for post-processing service [3]. With its great precision, high performance,
simple accessibility, and fast integration, Trimble CenterPoint RTX has been well
known by users in precision agriculture since it was first launched. Infrastructure
and mapping tools Trimble RTX-based positioning systems have been also active
since 2012 [22].

GAPS

GAPS is a positioning and data analysis online software (using standard PPP).
The code structures and algorithms used in GAPS are GPS PPP standard solutions
with a number of significant and exceptional differences. GAPS gives GPS users pre-
cise satellite positioning in the kinematic and static method of observation with the
use of a single GNSS receiver. It can achieve centimeters and decimeters, in a rea-
sonable convergence time in static method and in a kinematic method, can be ob-
tained using specific orbit and clock products given by sources such as the Natural
Resources Canada (NRCan) and International GNS Service(IGS) [5, 23].

2.2. Online Relative Solution Services

Australia’s Online Static GPS (AUSPOS)

AUSPOS is the online static GPS position program of Geoscience Australia,
which offers a simple web interface and links for GPS operators to the processing
program. AUSPOS has been widely used as an online means for the online prepro-
cessing of raw GPS data in the field of geomatics engineering, geography, geodesy,
surveying, geophysics, hydrography, forestry, electronics, military, and other fields
since it was founded in 2001. However, static raw GPS data recorded from anywhere
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in the world can be analyzed using double frequency GPS instruments for at min-
imum one hour (strongly advised 2 or even more hours) while kinematic GPS raw
data can not be preprocessed with this online program. When the RINAX raw data
file is sent to the web-server, it is analyzed in accordance with the closest stations
of the APREF (Asia-Pacific Reference Frame) and GNSS (IGS) International Service,
which are known to be reference points for the operation utilizing correct orbit de-
tails from IGS to retrieve the data. The IGS14 antenna phase center variance model
is implemented by AUSPOS software [24].

Online Positioning User Service (OPUS)

In order to give GPS users a free link to the National Spatial Reference Sys-
tem (NSRS), an online positioning user service (OPUS) is controlled by the National
Geodetic Survey (NGS). OPUS enables GPS users to upload their GPS raw data files
to NGS, where the information is stored and the NGS algorithm is used to deter-
mine the user location. Every uploaded data file will be analyzed based on 3 near
CORS stations. The station locations may not be closest to the user position, how-
ever, they are identified by distance, the number of observations, consistency of the
location, etc. The processed GPS data location is notified via email both at ITRF and
at northern and east UTM Coordinates.

OPUS is totally automated and therefore only requires a minimum of user de-
tails such as:

— the mailing address to which the results will be sent,

— the GPS record raw data to be analyzed,

— the category of GPS antenna for this GPS raw data file,

— height above monument or point where are locating the antenna reference

point (ARP),

— the coding of the state plane is an option if the user wants the coordinate in

the state plane north and east.

As an option, the GPS users can choose up to three close base stations for the
user solution [25].

SCOUT

The Scripps Orbit & Permanent Array Center is based at La Jolla, California
University San Diego (UCSD). The main function of SOPAC is to experiment and
enable high accuracy geodetical and geophysical observations through Global Nav-
igation Satellite Systems (GNSS), such as GPS, especially for earthquake threat anal-
ysis, plate tectonic movement, boundary plate deformation, and meteorology. Many
web services, including SCOUT (ITRF data generator from RINEX data), are easily
accessible on the SOPAC homepage. By sending a RINEX GPS observation file on
a specific date, the Scripps Coordinate Update Tool (SCOUT) can be used to estimate
mean site coordinates [6].
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2.3. Free Online GNSS Processing Software
gLAB

gLAB, an integrated multifunctional educational data collection and assess-
ment program, is the computer software suite created by the European Space Agen-
cy (ESA) Contract of the Astronomy and Geomatics Research Group (GAGE) at the
Universitat Politecnica de Catalunya (UPC). gLAB accurately models the carrier
phases and pseudorange GNSS measurements in a centimeter degree, which pro-
vides a precise point positioning and stand-alone GPS positioning. Each contrib-
utor to error can be evaluated individually, which in turn offers important edu-
cational advantages. gLAB deals with a number of default file types such as SP3,
RINEX-3.00, ANTEX, and SINEX, etc. In fact, GPS, Galileo, and GLONASS features
are included, enabling actual multi-constellation technology to carry out certain
analyses of data [26]. gLAB GUI has four postprocessing templates: Single Point
Positioning (SPP), Precise Point Positioning (PPP), Space Based Augmentation Sys-
tem (SBAS), Differential Global Navigation Satellite System (DGNSS).

RTKLIB

RTKLIB s a free software package for GNSS (Global Navigation Satellite System)
and precise point positioning. RTKLIB is composed of a small program collection
and some programs using the database. RTKLIB has the following characteristics:

— The algorithms provide typical and precise positioning using: GLONASS,

GPS, Galileo, BeiDou, QZSS, and SBAS.

— It supports different GNSS positioning methods for both post-processing and

real-time.

— It supports various regular GNSS file types and protocols.

— It accepts proprietary code messages from many GNSS receivers.

— It enables outside communication

— It provides several libraries and API functions for processing GNSS [27].

2.4. TBC Trimble Business Center

Trimble Business Center is a Field to Finish survey CAD program used to
help surveyors provide high-precision GNSS data and create CAD deliverables. As
a Trimble GNSS data processing program, Trimble Geomatics Office was substitut-
ed by Trimble Business Center.

3. Methodology

In this research, 15 days of GNSS RINEX observations files from 1.04.2019
to 15.04.2019 for five CORS GNSS network stations in Iraq (ISBA, ISNA, ISER,
ISKU, ZAXO) were used, the observation duration for each observation RINEX file
was 24 hours, a total of 75 observation file were processed in each online services and
software. After the finalization of the analysis of GPS observations, analytical revision
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to all of the GPS processed data to each file submitted or uploaded to the online ser-
vices was investigated; AUSPOS, OPUS, CenterPoint RTX, APPS, MagicGNSS, CSRS-
PPP, GAPS, and SCOUT, are compared with offline software gLAB, RTKLIB, and TBC,
the final results will be the differences between the estimated ENU coordinates of all
the online and offline processing with the published coordinates of the CORS.

4. Results and Discussion

Various positioning methods are used in this research for different precise
online applications, AUSPOS, OPUS, CenterPoint RTX, APPS, MagicGNSS, CSRS-
PPP, GAPS, and SCOUT, the results are processed and analyzed. In addition to
the gLAB and RTKLIB and Trimble commercial software TBC, these tools are used
professionally for the analysis of GNSS results. This research has also performed
a comparative analysis using a large dataset of observations. All the online pro-
cessing method provides their coordinates in International Terrestrial Reference
Frame ITRF 2014, and the final coordinates of the processing of the gLAB, RTKLIB,
and TBC are in WGS84 (G1762). Therefore, the coordinates must be transformed
from WGS84 to ITRF-2014. Since the realizations of WGS84 equivalent to ITRF at
a level of about 10-cm, consequently, there are no official transformation parame-
ters between the two systems [28], so that the coordinates in WGS84 are considered
as ITRF in this research.

At the time of this research, the GAPS website was working and we did not en-
counter any problems, but the authors did not receive any processing report email
about the processing results for the points or if there is any problem with the data,
even when using different browsers and different location and dates. For that rea-
son, GAPS was not considered in the evaluation.

For the SCOUT online processing service, it has broad SOPAC GNSS control
points distributed all over the world, one of the points used in this research (ISBA) is
a SOPAC reference station, and their position estimates can be found in the archive
of the solution which is easily accessible on the SOPAC homepage [29], for the four
other points, after uploading the RINEX files to the FTP server of the SCOUT, the
authors received the following error message:

“gamit solution failed, FATAL :210309:1012:34.0 MODEL/setup: SV antenna offsets for SVN G054

not found in antmod.dat”.

According to Chen Chao Science Network blog [30], the SVN G054 correspond-
ing to PRN18, and G054 was retired on the 23™ of 2018, so that the PRN18 now cor-
responds to SVN34, so that in this research the authors only received the processing
for point ISBA, and thus SCOUT will be removed from the evaluation.

For the rest of the processing methods, the results of the differences between
reference coordinates and the estimated coordinates from different online services
and software are illustrated in Figures 2-11.
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From the results in Figures 2-11 and Table 2, the difference in the easting, north-
ing, and UP exceed 1 meter in Figure 8, because when using the same RINEX files
uploaded to other online processing services, the gLAB program returned, “solution
moved from DGNSS or PPP to SPP due to lack of satellites” so that the solution of
gLAB will be excluded from the evaluation and comparison.

Table 2. Final results

Processing Horizontal TRMSE [m] Vertical TRMSE [m]

method Min. Mean Max. Min. Mean Max.
APPS 0.0004 0.0188 0.1480 0.0001 0.0525 0.5510
AUSPOS 0.0007 0.0086 0.0232 0.0001 0.0063 0.0160
CSRS-PPP 0.0011 0.0083 0.0208 0.0002 0.0062 0.0173
magicGNSS 0.0049 0.0223 0.0526 0.0011 0.0156 0.0678
OPUS 0.0005 0.0099 0.0239 0.0000 0.0059 0.0123
TrimbleRTX 0.0065 0.0161 0.0322 0.0000 0.0075 0.0213
TBC 0.0123 0.0301 0.0600 0.002 0.0348 0.093
RTKLIB-static 0.0025 0.0613 0.1307 0.0068 0.0576 0.1440
RTKLIB-PPP 0.0025 0.2967 0.5822 0.0068 0.0947 0.2021
gLAB 0.139918 | 0.9453 3.4942 0.0104 1.0127 3.0931

For the processing in the RTKLIB-PPP, the processing settings are in Table 3, the
maximum error was 0.58 m in the easting of DOY 102, the mean error was 0.296 m
which considered high when compared to other processing methods, therefore
the processing solutions from RTKLIB-PPP will be not compared with the other
solutions.

Table 3. RTKLIB-PPP setting

Positioning | Ionosphere Troposphere . . Integer ambiguity
mode correction correction Satellite ephemeris/clock res. (GPS/GLO)
PPP static | iono-free LC | estimate ZTD + grad precise continuous

For the APPS, the accuracy was very high except for a jump in station ZAXO
at DOY (101 and 105) that negatively influenced the overall results.

Regarding Table 2 and Figures 2-11, the results show that the differences only in
millimeters, which indicates the strength of their algorithms and processes.
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Concerning Figures 12 and 13 and Table 2, the difference between the services
and software indicates that the CSRS-PPP had the lowest RMS in the horizon-
tal (8.3 mm) and vertical (6.2 mm) directions, followed by AUSPOS and OPUS, the
highest range between the maximum and the minimum was recorded by the APPS,
it was 0.1476 m and 0.5509 m in the horizontal and vertical directions respectively,
on the other hand, the lowest range between maximum and the minimum in the
horizontal direction was recorded by the CSRS-PPP 0.0197 m, while in the vertical
direction was recorded by OPUS 0.0123 m.
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Fig. 13. Vertical RMS

The APPS results in Figure 2, had a jump in the processing of DOYs 101 and 105
at station ZAXO that affected the overall results, which may the results of a thunder-
storm that passed over Iraq in days 100 and 101.
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The final processing results indicate that the differences are insignificant for the
positioning required for civil engineering projects, it makes sense to use any of them.

5. Conclusions

In recent years, online web-based services have become commonly used for
GPS data processing. These online web-based services, which analyze GPS data free
of charge via the Internet and do not require any prior software knowledge, provide
the essential program, hardware, material, personnel, and infrastructure free for us-
ers. The quality of such online web-based services is increased through new innova-
tions regarding algorithms for positioning the GPS points and improved accuracy of
the products provided by companies (IGS etc.). The online processing services with
the free processing software are free and can be used unlimited times.

In this research, a test for online Web services frequently and widely available
worldwide to gather with two free processing software RTKLIB and gLAB and the
commercial software TBC are evaluated. Five CORS located in Iraq with will known
coordinates were used in the assessment.

The GPS data taken into account was 24-hour for 15 days, the results indicate
that for precise point positioning services the CSRS-PPP online service has the min-
imum RMS in the horizontal and vertical direction even when compared to the rela-
tive positioning. Taking into account the differences between the CORS coordinates,
the best relative positioning is the AUSPOS followed by OPUS, when compared
TBC network adjustment and RTKLIB with the web-based online solution, the dif-
ferences are in centimeters and did not exceed 10 cm.
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