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INTRODUCTION

The Indian Continuously Operating Reference Stations (CORS) network has been under
development for the past few years, aiming to redefine the country's horizontal datum and
other geospatial applications. Some of the applications are in the field of cadastral mapping,
navigation, the study of crustal deformation and tectonic plate movement, infrastructure
development, disaster management, and standardizing reference for geographical information.
To facilitate the working on these geospatial applications, In the past two years Survey of India
(Sol) has established around 1000 CORS stations in India. The pivotal stage in establishing a
horizontal datum entails the processing and adjustment of accessible RINEX data derived from
CORS sites.

As an initial case study, GNSS data from CORS sites in the state of Uttar Pradesh (UP) were
processed in ITRF2014 at epoch 2022.76 using offline and web-based services. The results are
compared to check the consistency of software. The study area and geographical locations of
the CORS sites is shown in Figure 1.
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Figure 1: Study area
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METHODOLOGY

GNSS data processing of CORS sites of Uttar Pradesh (UP) state was carried out using two sets
of scientific software. GAMIT/GLOBK, Bernese, and GipsyX are the offline software that

are used in high-precision studies whereas AUSPOS and OPUS are web-based services used
mainly for normal surveying work. There are a total of 66 CORS sites setup by SoI in UP.
However, out of 66 sites, the RINEX data for two stations LUCK and MATH was not available.

The 15 days RINEX data from October 01, 2022 to October 15, 2022 of 64 CORS sites was
processed using scientific software like Bernese, GAMIT and GipsyX. Relative processing is done
in Bernese and GAMIT by taking IISC, HYDE, LCK4, KIT3 and LHAZ as reference stations. In
GipsyX, the processing was done in Precise Point Positioning (PPP) technique where no base
stations are required. The difference in coordinates between these software was computed to
check for the consistency.

AUSPOS and OPUS are the two most popular web-based GNSS data processing s. For checking
the consistency of the software, 3 days of Rinex data of 64 stations from October 04, 2022, to
October 06, 2022, has been processed. AUSPOS automatically chooses 10-13 nearby stable IGS
stations for processing whereas OPUS chooses 3 nearby IGS/NGS CORS sites. AUSPOS is based
on the Bernese 5.2 version. Hence, most of the models used by AUSPOS are similar to

Bernese.

The comparison of parameters and models utilized by various software in data processing is
illustrated in Table 1.
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Adjustment)
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Stochastic Kalman
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Mimimum Weighted least least square
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(GPSEST and constrained Information Filter q 9 . T e g 14
ADDNEQ program) solution. with smoother ) ADJUST. 9

Time taken for processing,

Depends upon the
duration of data but

Depends upon the
duration of data

(SRIFS)

Really quick but
only PPP solution

Processing is quick
for a smaller dataset

but generation of

Quick for a smaller
number of days of

adjustment & computation of " and Process
N generally time " o . N N
coordinates . Control File (.PCF) is possible results is sometimes data
consuming
file chosen delayed
Precision level achieved millimeters millimeters centimeters centimeters centimeters

Table 1: Comparison of different parameters adopted by all software

However, some parameters are common for all these software which are separately discussed in

Table 2 below.

information about parameter/MOdel used m

24 hours daily data with 30 seconds epoch

Data span interval None
Geopotential model EGM 2008 None
Solid Earth Tide Model IERS 2010 convention OPUS uses IERS 2003
convention
Earth Orientation Parameters (EOP) IERS Bulletin A None
Ocean Tide Loading Model FES2014 Not applied in AUSPOS
Planetary body forces JPL Planetary Ephemeris DE405/DE421 None

OPUS uses receiver
antenna phase centre
offsets and NGS
absolute antenna model
data base (ANTCAI)

Ground/Receiver antenna phase

. 1GS14 absolute phase-centre variation model
centre offsets and corrections

Geocentric; mean equator and equinox of None

Izt T s 2000 Jan 1.5 (J2000.0)

Table 2: Common parameters/models used by all software

https://agu23.ipostersessions.com/Default.aspx ?s=12-00-68-9C-7B-CD-AB-F4-65-CC-4C-45-CD-C5-B2-A 1 &pdfprint=true& guestview=true

4/16



15/03/2024, 11:49 AGU 23 - iPosterSessions - an aMuze! Interactive system

https://agu23.ipostersessions.com/Default.aspx ?s=12-00-68-9C-7B-CD-AB-F4-65-CC-4C-45-CD-C5-B2-A 1 &pdfprint=true& guestview=true 5/16



AGU 23 - iPosterSessions - an aMuze! Interactive system

15/03/2024, 11:49

RESULTS

A comparative analysis of scientific software based on coordinates differences is given below:
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Figure 3: Bernese Vs GipsyX
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STATION
Figure 4: GAMIT Vs GipsyX
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STATION
Figure 5: AUSPOS Vs OPUS

The discrepancies in coordinates between GAMIT and Bernese remained around 10 mm or less for all stations, except

for BAND and SAND stations, where the dY values differed by 3.20 and 1.97 centimeters, respectively.

In contrast, the coordinates obtained from GipsyX exhibit cm-level variations compared to both Bernese and GAMIT for

the majority of stations. Similarly, the results from OPUS demonstrate cm-level diffefrence when compared to AUSPOS.
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DISCUSSION

After conducting an analysis using various software tools and examining the obtained results,
the following observations were deduced:

e The outcomes derived from Bernese and GAMIT exhibit similarity due to their comprehensive utilization of a wide
array of correctional models, resulting in a high degree of consistency between them.

e Despite GipsyX is based on the PPP technique, the results from GipsyX agree at cm level with all software.

o In terms of computational efficiency, GipsyX takes least amount of processing time, whereas GAMIT and Bernese
exhibit comparatively slower processing speeds among other software options. However, the utilization of
RNX2SNX as the PCF (Process Control File) in Bernese has the potential to expedite the processing duration.

e Within the spectrum of online software options, AUSPOS stands out for its higher accuracy, owing to its foundation
in the Bernese system. However, AUSPOS's limitation lies in its inability to process more than 20 Rinex files
concurrently. Nevertheless, this limitation can be overcome by splitting the dataset into sub-network having some
overlapping sites. Subsequently, based on the stacking of normal equations, we get can one final coordinate for
each sites.

o Since OPUS exclusively relies on three IGS/NGS CORS sites as reference stations, The results obtained from OPUS
display slight variations compared to other software due to the selection of limited reference sites.
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CONCLUSION

The analysis suggests that, for high-precision surveying purposes, GAMIT or Bernese are more favorable options among
the different software. For quick results, GipsyX should be preferred. For smaller-scale survey tasks, both AUSPOS and
OPUS are recommended choices. Particularly in the Indian subcontinent, AUSPOS is preferable over OPUS.

The future scope of the ongoing research is to assess the quality of these stations based on multipath, Signal to Noise
Ratio (SNR), ionospheric delay and satellite integrity to identify the stable CORS sites. There is also a need to study the
changes in coordinates based on seasonal variations. Ultimately, for defining a precise static horizontal datum, the stable
CORS stations should be processed and adjusted with Bernese or GAMIT.
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ABSTRACT

The Indian Continuously Operating Reference Stations (CORS) network has been under development for the past few years, aiming to redefine
the country's horizontal datum and for other geospatial applications. As an initial case study, GNSS data from 66 CORS sites in the state of Uttar
Pradesh (UP), the most populous north Indian state, were processed in ITRF2014 at epoch 2022.76 and the network was adjusted using
GAMIT/GLOBK (v10.75) software. Coordinates computed from GAMIT/GLOBK processing were compared with those obtained from Bernese
5.2 and GipsyX 1.7 processing and also with online tools such as AUSPOS 2.4 and OPUS. Results reveal that the coordinates from Bernese and
AUSPOS agreed within the mm level compared to the GAMIT/GLOBK results. In contrast, the GipsyX and OPUS results agreed at the cm level.
The probable reason for this result from OPUS could be the default selection of only 3 IGS/NGS CORS stations as reference stations with non-
uniform distribution around CORS sites. As an initial effort for ongoing research work, this presentation will discuss i) the methodology and
parameters adopted for processing and adjusting data from 66 stations for the CORS network of UP, ii) a comprehensive comparison of results
obtained from different online and offline GNSS data processing software, and iii) and planned strategy for redefining Indian horizontal datum.
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