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GNSS Positioning and lonospheric Delays

O

Fluctuation in electron density due to ionospheric disturbance can degrade the positioning performance
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National GNSS CORS network

https://gnss-portal.rtsd.mi.th/

> 220 stations
(30-80 km baseline)

= owned by government
agencies/universities

Applications:

= NRTK service, survey,
atmospheric study, earthquake
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Recent research works

Effects of ionospheric irregularities on precise positioning

* Middle and high latitudes

 Jacobsen and Schafer 2012; Luo at al. 2018; Yang et al. 2020; Zakharenkova and Cherniak
2021; Paziewski Jacek et al. 2022

« Low-latitudes
« A.L. Christovam et al. 2023; Ning and Tang 2018; Guo et al. 2019; Veettil et al. 2020;
Li et al. 2022a

There are not many research works on effects
of EPB on RTK technology at low-latitude
region over long period !!
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Objectives

=) To analyze the performances of (GPS) RTK positioning during
lonospheric disturbed periods in 2020 and 2022

m) To evaluate RTK positioning performances at short,
medium and long baselines.

m) To analyze the relationship between ROTI index and
RTK positioning performances
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Equatorial Plasma Bubbles (EPB)

EPBs observed from
Chumphon radar station

» EPBs are local ionospheric disturbances which originate near
magnetic equator; low density inside the EPB Bt

Power 108 Counts

» EPBs occur after sunset and disappear before sunrises

» EPBs can be observed by various methods including VHF L el e DU
: : : EPBs observed from Ground-
radar, lonosonde, in-situ satellites and ground based GNSS o ced GNSS receivers
receivers among others
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GNSS Positioning and lonospheric Delay

Code pseudorange

P, =p+c(dt —dT) + c(b] + b}) + (Sion,i + Strop’i + ep,

.True Clock offset Hardware lonospheric Tropospheric  Multipath and
distance delay delay delay = measurement noise

Carrier-phase pseudorange

Li = p + C(dt — dT) + C(br,i + bS,i) — 51'0”’1. + StTOP,i + AiNi + gLi

Initial phase
ambiguity

40.3
jon,; = ?JNeds

Satellite errors

Propagation errors

Receiver errors

- Orbital error
- Clock error

- Hardware delay

- lonospheric delay

- Troposphericdelay

- Clock error
- Hardware delay
- Multipath and

measurement noise

N, is the electron density in ionosphere which can vary with solar activjty.

lonospheric irregularities such as equatorial plasma bubbles (EPB)

At low-latitude can degrade the positioning performance




lonospheric disturbance Indices

O
AUQUST 2023 DSt (HEEI'-TiITIE} WDC for Geomagnetism, Kyoto
» Global Condition (earth’s geomagnetic activities) .| ;
» K, - Planetary K-index | 1a
» Dst — Disturbance - 00 e ——| |
1 6 11 16 21 26 31

[Created at 2023-08-31 09:30UT]

-

» Local lonospheric Conditions
» Rate of TEC Change Index (ROTI)

ROTI (TECU/min)
o
o

o

ROTI =\/%ZiNl7z(ROT(i)—ﬁ)2

ROT = STEC(i +1) — STEC(i) £

» Scintillation (S4 index)
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Real-Time Kinematic (RTK) Positioning

O

» RTK can provide cm-level accuracy.

» RTK require at least two station: Base station and Rover
station

» Base station — stationary receiver with known coordinates
and send corrections

» Rover station — rover station compute its position based
on measured psudoranges and corrections from base
station

» Nowadays, virtual reference station (VRF) based on
network of base stations are also used.

» RTK positioning is widely used for land surveying,
mapping, agriculture, unmanned aerial vehicles and so on.
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Real-Time Kinematic (RTK) Positioning

» RTK positioning model is based on double-difference code and

carrier-phase measurement
Satellite j

Satellite k
ko= pl 1K LT* 4L A1(BL. —BX )+dg’ +
Goi = P — Lo T T i \Byp | b,i & &y

K _ k1K rk
Po =P —lox +Top +&,

> Extended Kalman Filter is used to obtain unknown state vector x

X=(FT VT Zr’GE,r’Zb’GE,b’ IT,BIlB;)T

r " 'r?

_ I Baseline . I Receiver b
Receiverr -% g -E
» LAMBDA method is used to fix the float solution by ratio test.
» Fixed solution — integer ambiguities can be solved and reliable.
Q
» Float solution — integer ambiguities cannot be solved.
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National GNSS CORS network

https://gnss-portal.rtsd.mi.th/

> 220 stations
(30-80 km baseline)

= owned by government
agencies/universities

Applications:

= NRTK service, survey,
atmospheric study, earthquake




Experimental Setup - Stations

O
DPT9 (13.7567°,100.5732") | AMENMIEEREN TR ead Station Pairs:
W Sin 573551 » Base station: KMIG
~ : (13.72°, 100.77°, Magn.Lat. 4°)
» Rover station:
» AERI1 (Rover) — 4 km
» STFD (Rover) — 12 km
» DPT9 (Rover) — 21 km
RTKLib (2.4) Parameters
_ _ Constellation GPS
This study is performed over two years T — L1412
» 2020 (solar minimum of cycle #25) Filter Type Forward
> 2022 (ascending phase of cycle #25) Elevation Mask 151
Constellation GPS £
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Results and Discussions - Positioning errors (4 km)

Positioning Errors - DOY 314, 2022
KMIG - Base, AER1 - Rover

EN
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Results and Discussions — Positioning errors (12 km)

Positioning Errors - DOY 314, 2022
KMIG — Base, STFD - Rover (12 km baseline)
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Results and Discussions — Cycle slips

Cycle-slip occurrence on DOY 314, 2022 on KMIG station
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Results and Discussions

Summary results on DOY 314, 2022 (Nighttime)

» Vertical positioning errors are higher than horizontal
positioning error

» Positioning errors are higher during disturbed period
(night-time)

» Positioning errors are higher a longer baseline

SO B N W b

Baseline Percent of Positioning Error (meters)
length fixed/float

solution Quiet Period Disturbed Period
(daytime) (nighttime)
HPE VPE HPE VPE

90.8 9.2 0.0579 0.0759 0.1995 0.4664
68.5 31.5 0.1038 0.1528 1.3154 2.2486
46.6 53.4 0.2380 0.17943 3.3514  4.8587
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Results and Discussions - Daily positioning errors (2020)

O

Daily positioning errors in 2020 (medium baseline 12km)

Planetary Kp Index
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Results and Discussions

Box plots of positioning errors in 2020
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Results and Discussions - Daily positioning errors (2022)

O
Daily Positioning errors by RTK at 2022 (medium baseline 12km)
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Results and Discussions -

HPE,VPE vs. ROTI

HPE vs. ROTI (2020)
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RTK Map Demo
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Conclusions

» Horizontal and vertical positioning errors
- Higher during disturbed periods (nighttime) quiet periods (daytime)

—> increase with longer baselines between the rover and base station
- Occurs more during equinoxes

» During severe ionospheric disturbed periods
-> rapid fluctuation in no. of usable satellites
- lots of cycle slips

» Most of high RTK positioning errors are caused by local ionospheric
disturbances such as EPBs rather than global events.
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Results and Discussion

O

Positioning Errors at DOY 314, 2022 using KMIG as Base and AER1 at Rover (4 km baseline)

EN

Rate of TEC change indexl(ROTI) DOY314,2022 at KMIG station

ROTI
(TECU/min)
N
|

Time(UTC)
Vertical Error by RTK DOY314,2021 KMIG(base) - AER1(rover)
[

4 8 20 24
Time (UTC)
Horizontal Error by RTK DQY314,2021 KMIG(base) - AER1(rover)
[ I [
Horizontal Error fixed
Horizontal Error float
. | WMW ‘ Vil st
R + el it S e ra e s Il w | | e
4 8 12 16 20 24

| I

1t UM LY

n

Vertical Error fixed
Vertical Error float

L ..w\/-\. | -
g " o

8 12 16
Time(UTC)

» Daytime
» 0to12UTC
> TAMto7PMLT

» Nighttime
> 121024 UTC
» TPMto7AMLT

Rapid Fluctuation of usable satellites

Number of Satellites DOY314,2021 KMIG(base) - AER1(r ?
| | |

8 12 16

Fre(uTe)

20

24



Results and Discussions

O

Positioning Errors at DOY 314, 2022 using KMIG as Base and DPT9 at Rover (21 km baseline)
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Results and Discussions

Summarized Positioning errors by RTK at 2022 (short baseline)
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Results and Discussions

Summarized Positioning errors by RTK at 2022 (long baseline)

Planetary Kp Index
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Results and Discussions

Summarized Positioning errors by RTK at 2020 (short baseline)
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Results and Discussions

Summarized Positioning errors by RTK at 2020 (long baseline)

Planetary Kp Index
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