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INTRODUCTION

@® The global positioning system (GPS) signals propagate from satellite to

receiver, passing through the ionosphere layer — resulting in time -
degrading the accuracy of GPS positioning and navigation applications
(Leong et al. 2011; Sunehra 2013; Pathy et al. 2019).

The ionospheric conditions affect the GPS applications, especially over the
equatorial region — seasonal, geomagnetic activities, solar activities, and
ionospheric irregularities: equatorial electrojet (EEJ) (Yamakazi and Kosch
2015), equatorial plasma bubbles (EPB) (Sarudin et al. 2017), equatorial
ionization anomaly (EIA) (Khamdan et al. 2019) , equatorial spread-F (ESF)
(zakharenkova and Cherniak 2021) and field-aligned irregularities (FAI)
(Martiningrum et al. 2020).

With this as an advantage, the GPS has been used widely as a tool for
studying and monitoring the ionospheric conditions — presented in total

electron content (TEC) parameters.

In high-precision GPS positioning, the ionosphere-linear combination has
been used to minimize the ionospheric delay in order to solve the
ambiguity of the baseline — the ionosphere scale factor (ISF) is minimal
with a value of 0.0 (Musa 2007). Meanwhile, others linear combinations
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need to use the ionospheric model.



INTRODUCTION

@ The suitability of the ionospheric model depends on the scale of the area — global or regional/local scale.

® The Global lonospheric Maps (GIM) has a good accuracy - 2 to 8 TECU (de Oliveira et al. 2021) — most studies directly used to solve the GPS baseline

ambiguity especially for high precision processing software (Banville et al. 2014; Weilgosz et al. 2021).

® The GPS ambiguity resolution is the process of estimating the integer parameters of the GPS carrier phase observation. This process is important as

it is a key to high precision relative GPS positioning especially when involved with only short observation time (Verhagen, 2015).

® Even though the implementation of the global ionospheric model improved/solved the ambiguity of the baseline (in terms of accuracy and

precision), however, there are several limitations:

o the global ionospheric model best describes the global conditions of the ionosphere (Khamdan 2018; Klimenko et al. 2018; Ren et al. 2022).

o Different ionospheric conditions affect the ambiguity resolution differently, especially when involved with a long baseline of more than 1000 km
(Hernandez—Pojores et al. 2000; Khodabandeh and Teunissen 2018).

o Interpolation in providing the ionospheric correction that leads to the limited precision and resolution (EI Manaily et al. 2018; Mengist et al. 2019).

A precise ionospheric model is important — to mitigate the influence of the ionospheric delays on the GPS applications during occurrences of

ionospheric irregularities (Jacobsen and Andalsvik 2016; Ciecko and Grunwald 2020) - causing to loss of lock GPS signals and leading to
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reinitialization of ambiguity (Tang et al. 2017, Damaceno et al. 2020).



INTRODUCTION

® Previously
o Colombo et al. (2002) applied the locally derived ionospheric model generated from a tomography technique to a wide-area network RTK. They
assessed the performances of the models with the length of the baseline up to hundreds of kilometers under different conditions of ionospheric

activities.

o Assiadi et al. (2014) improve the accuracy of single-epoch positioning of GPS over the California area. The result shows an improvement in
coordinates up to 10 cm — 20 cm for baseline ranging between 60 to 120 km. This is one of the steps forward in developing the local ionospheric

model over the area.

o Psychas et al. (2019) investigate the performances of the RTK solutions using the ionospheric correction generated from the local network. The
result demonstrates the fastest solutions (carrier phase fixed ambiguity) available with the ionospheric correction can be obtained up to 5 cm
(~0.31 TECU).

o Silva et al. (2020) investigate the performances of the local ionospheric model in solving the ambiguity of the long baseline during the weak and

strong ionospheric activity, with the ambiguity percentage values up to 80.1% and 67.4%, respectively for the Brazil area.

o Zhang et al. (2022) resolved the ambiguity of long baseline by using BDS-3 and quad-frequency ionosphere weighted model over China with a

percentage ambiguity resolution up to 98% compared to the dual-frequency ionosphere free.
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METHOD & STUDY AREA

Aim: To assess the performances of the locally derived ionospheric model

in solving the baseline ambiguity.

Flow:

o Derive the ionospheric model from local GPS CORS network (MyRTKnet)
over the Malaysian region.

o Apply the local ionospheric model into baseline processing.

o Analyzed the performances of the local ionospheric model: percentage
improvement and comparison of baseline vector with true value
(AUSPOS).

5 baselines consist of:
o 1Short baseline (<100 km)
o 1Medium baseline (<500 km),

(©]

1 Long baseline (<1000 km), and

2 very long baselines (>1000 km), where 1 baseline formed outside

(©]

generated region of local ionospheric model.

The assessments are based on two case studies:
a. Case 1: Occurrences of ionospheric irregularities (EPB) — 5th April 201],
and
b. Case 2: During Geomagnetic storms — 3Ist Aug (G1) and Ist Sept 2019
(62)
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Flow chart and processing parameters for the derivation of the local
ionospheric model using Bernese Software 5.2 (khamdan et al. 2023). M E I H O D & S I U DY A R E A
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Model model

Improvement of the percentage ambiguity resolution, and previous section, while the global ionospheric

Global ionospheric

o Comparison of baseline vectors with known values (AUSPOS). model was obtained from the CODE analysis

model

center.
AdX = dXestimatea — AXauspos

AdY = dYpstimatea — AYauspos The baselines processed without applying an ionospheric model serve as

AdZ = dZgstimatea — AZayspos a benchmark to monitor the improvement in ambiguity resolution by both
Where dX stimatedar Aestimatear ONA dZogrimarea EPresent the estimated baseline ionospheric models.

vectors and dX,yspos: AYauspos, ANd dZ,yspos represent the known values of
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the baseline vector from AUSPOS GPS Online Processing.



RESULTS

Information of the GPS CORS that are involved Case 1: Occurrences of lonospheric Irregularities (EPB) on 5" April 2011
Type of GPS CORS Baseline Baseline ROTT keogram at 4°N ROTI ‘
Baselines Name  Length (km) GEFA April 5, 2011 [TECU/min] @ Buhari et al. (2014) observed
MERU UPMS EAST 120 g - N 1.0 o
Short MEUP 39 A ‘ at least 16 striations of EPB
(3.14°N, 101.41°E)  (2.99°N, 101.72°E) % 110 - -
Medium AYER KROM AYKR 77 S ey 0.8 structure on night-time 5"
(5.75°N, 101.86°E)  (2.76°N, 103.50°E) 3 112 of April 2011 at the cross-
AMAN BEAU Z 06
B0 - q
L8 (112°N,111.46°E) (5.41°N, 115.73°E) e 639 g 108 section of 4°N over
DATU UUMK =~ 104 RS : Southeast Asia.
D 1 2 y 3
Very  (5.03°N, 118.29°E) (6.46°N, 100.51°E) 10U =k = - - 04 N sedoninelaingion
L = 100 g
ong MLKN UMLH MLUM 1382 5
(-5.35°N, 102.28°E)  (5.05°N,95.34°F) § 96 0.2 observation, the attenuation

Maps of the baselines that are formed and GPS CORS locations that are involved. compared to the

WEST 92 [, et RSV : 0.0
10:00 12:00 14:00 16:00 18:00 20:00 22:00 background intensity was
UT [hours] about 10% to 20%.

@ Study period: 2nd April 2011 (DoY 092) until 8t April 2011 (DoY 098), which included
the day with EPBs and three days before and after the days with EPBs.

@® Since the EPBs are large-scale irregularities, constructive or destructive
interference can occur when signals from GPS cross the ionospheric layer. The
occurrences of EPBs can cause rapid changes in the ionosphere which can
result in the loss of lock of the GPS signals and lead to a cycle slip and difficulty

in resolving the ambiguity (Banville et al. 2010).
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RESULTS

Case 1: Occurrences of lonospheric Irregularities (EPB) on 5t April 2011

Ambiguity Resolution:

(@)

(@)

o

Both ionospheric models improved the percentage of the ambiguity resolution for
all baselines.

The percentage of ambiguity resolution was lower during the day with EPBs,
especially for short and medium baseline, with a percentage up to 40%.

Since the baseline is less than 500 km long and had almost similar ionospheric
conditions, this result could be due to the quality of the data (cycle slips) in the
observations due to the occurrences of EPBs (Banville et al. 2014).

For very long baseline MLUM, both global and local show similar percentage
values up to 64.9%. The ambiguity without the ionospheric model is shown at 1.8%
only, which is expected as large differences in ionospheric conditions between

the stations involved.
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RESULTS

Case 1: Occurrences of lonospheric Irregularities (EPB) on 5t April 2011

Comparison of Baseline Vector ( purpose to validate and determine the processing

quality of ambiguity resolution)

o Minimal difference in baseline vectors for both models, with values within +2 cm
for all components.

o Even though the percentage ambiguity is small (<50%), the differences are only
minimal for all baselines during the day with EPB.

o For MLUM, large differences are observed especially for AdY components which
may be due to the minimal percentage of the ambiguity resolutions and also
contributed by the quality of the observation data itself.

o Meanwhile, a large difference in the MEUP baseline without the ionospheric model
was observed. Even though the ambiguity is high, this could be due to the
frequent false ambiguity resolution (Yang et al. 2020), and lead to the
degradation of the accuracy and precision of GPS positioning (Souza and Monico
2007).

10
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Planetary indices on 31st August 2019 (G1) geomagnetic storm.
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RESULTS

Case 2: Geomagnetic Storms on 315t August 2019 (G1) and 1t September

Baseline

Name

PPSB

AYKW

L1LG

S4UU

UMT)

Baseline

Length (km) 2019 (GZ)

52
306
693

1273

1579

Study period: 28t August 2019 (DoY 240) until 5% September 2019 (DoY 248). The Dst-index

dropped until -50nT and Kp-index up to 6.
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RESULTS

Case 2: Geomagnetic Storms on 31st August 2019 (G1) and 1st September 2019 (G2)
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The percentage of ambiguity resolution for the GPS baselines. The dashed red box represents the day

with occurrences of geomagnetic storms.

o The ambiguity resolution percentage is minimum which is expected as the occurrences of the

geomagnetic storms during the study period, with a value less than 40% especially for baseline

lengths less than 1000 km (during the disturbances day).

12

o Minimum differences between both models

in improving the ambiguity resolution of the

baselines, where the local ionospheric model

show better improvements for short,
medium, and long baseline.
For very long baseline UMTJ, larger

improvements are observed during the
occurrences of the geomagnetic storms
especially for global with percentage value
up to 43% to 45%.

Deterioration of the ambiguity resolution
also observed with

percentage was

increasing baseline length - different
conditions of the ionosphere (Deng et al.
2020) and due to the disturbances in
ionospheric conditions as well (minimum
percentage on 1t Sept compared to 31t

August 2019).
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RESULTS

Case 2: Geomagnetic Storms on 31st August 2019 (G1) and 1st September 2019 (G2)

®Local Model =Global Model mWithout Model Comparison of the baseline vector. The left column represents the AdX, the middle column represents the AdY and

PUPK - SBKB (PPSB) the right column represents the AdZ. The red boxes highlight the days with occurrences of geomagnetic storms.
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CONCLUSION

The results of this assessment showed that the application of the local ionospheric

model served the purpose of the global ionospheric model which was able to
improve the ambiguity resolution percentage, especially for baseline lengths less
than 1000 km.

Although the local ionospheric model provides a low percentage of ambiguity for
baseline outside the generated region, the comparison of the baseline vector still

showed similar improvement as the global ionospheric model.

The performances of the global ionospheric model are undeniably suitable for

application in the region (Leong et al. 2015). However, to our knowledge, there is only
one station (ANMG) that is used to contribute to the development of the global

ionospheric model.

Even though the local ionospheric model only shows slight differences from global

ionospheric model, the results demonstrate that this can help to improve the

accuracy and precision of the GPS applications, especially for near real-time

applications. This assessment is also one of the initiatives for the development of the

local ionospheric model over the region especially for the Malaysia region.

14
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R&D Infrastructure:
National R&D CORS Network (NRC-net)

AGKB | AGKD
uITM Malaysian Metrological Department |  Malaysian Metrological
- Universiti Teknologi Mara Perlis Pengkalan Chepa |  Department (MMD),Kudat
\B | KSDR | UMSK
Lembaga Kemajuan ! = .
Universiti Malaysia Sabah, I

' AGLG Kelantan, Gua Musang | FRSR | Kota Kinabalu | I
Langkawi National Observatory Universiti Kebangsaan | / }
' Malaysia, Bukit Fraser ™

uTPP
Sri Iskandar, Perak

ISMGG ~ : ~

GTSS
.Subang, Selangor'y

| AGKS
| Banting, Selangor

JLML
iMalaysia Marine Dept. Melaka %

UTHM

@ ISKANDAR Malaysia [a

= = . )
== Universiti Teknologi | Eauipped with GPS Equipped with GPS
Malaysia (UTM) l I and GLONASS l and Galileo.

. JLKU éLand & Survey s \ \
b -Malaysna Marine Dept. Kuantan \Department Sarawak i an
g

ISKANDARnet| \
(ISK1,ISK2,ISK3,
ISK4,1SK5,1SKé)

Equipped with GPS, GLONASS

only.

- Universiti Tun Hussion Onn

Currently operating in real-time mode, to
support R&D applications in Geodesy,
Precise Surveying & Mapping, Navigation
and other related geospatial apps within
the coverage of the network. @

Collaboration between Government
Agencies, Universities & Industry in

M I H s wrrm Univirsim
)“u./'* J“"'}x
alaysia a e 5\
T 1\\()10( I L
}/} 'o‘.‘ /hv \' lllllllll /l niversiy

FvETMalaysia 6?&”@0&0 apr ; ;
BUTHM %&A

Ur\-»r-\n. Tun Hussein Onn Mataysia

\N
tral ysems G

v U MALAY SIA

s KOLEJ NOMUNITI




R&D INFRASTRUCTURE
ISKANDARnNet - R&D CORS Network

GPS CORS network
established by UTM Geomatic
Innovation Research Group in
the southern part of
Peninsular Malaysia.
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NRC-net: The CONTROL

Located at Geomatic Innovation Research Group (GnG), Faculty
Geoinformation & Real Estate, UTM. The control center were fully
utilized for data storage and management, processing and data
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R&D Applications: Services
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The NRC-net infrastructure supports many research & academic activities
as well as platform to develop space-based applications for the country.
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