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Residual errors from median value of error

increase to more than 300 %
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Develop the ionospheric disturbance Index

that can be used
for space weather warning
of Level Change in GPS Position Error
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Objectives :

2016-2017

A. To obtain the method and software for W ionospheric
disturbance index estimation from TEC data

B. Verification of W index information for GPS position error
change warning

C. Combine W index and DOP index to improve Level Change

of Positioning Error (LCPE) warning



)

Data and Methodology

o GPSrinex data (BIG and IGS)

o Orbit data: GPS SP3, also broadcast dat
archieved In ftp server, received b
receiver

o Receiver Bias (for IGS GNSS data), DC
file

o GIM data



IGS GPS stations: XMIS, NTUS, and
CRO1 Stations




GNSS receiver stations network
operated by BIG (Survey
Departement in Indonesa): BAKO

Product : Rinex file and RTCM by
request and / or collaboration




Methodology:
Classification of level change

High Change
75 %

Calulate position of IGS
stations by using PPP

method (RTKLIB)
Moderate Change

Estimate the STD of

PPP from coordinate of
the station refference

50 %
Slightly Change

25 %
Normal Change

Calculate deviation of Classify the Deviation

Calculate the median
value of STD every
hour

STD every hour from of STD (from Median)
Median of STD into 4 level change




Methodology:
W index calculation

INTENSE

TEC calculation
using GOPI SW

DTEC =
TEC/Med(TEC

LOG (DTEC)

STORMS

MODERATE
STORMS

ACTIVE

QUIET

Classify the
ionospheric deviation
into 4 level

W index



W index

DTEC =log(Y/Ymed27)

Y =TEC or foF2, Ymed27 = 27 days median, (Gulyaeva et al., 2008;
2013)

No |l onospheric DTEC W
weather
1 Quiet DTEC <+ 0.046 / DTEC> -0,046 +/-1
2 Minor acitivity +0,046 < DTEC <+ 0,155 / +/- 2
-0,046 >DTEC >-0,15
3 Moder ate +0,155< DTEC <+ 0,301 / +/- 3
activity -0,155 > DTEC > -0,301
(ionospheric
storm)
4 Major activity DTEC >+ 0,301/ +/- 4
(Intense DTEC <-0,301
lonospheric
storm)




) Methodology: Correlation analysis

LEVEL CHANGE PE
INDEX

CORRELATION
ANALYSIS




) Methodology: PDOP index

Calculation PDOP
using RTKLIB
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Methodology:
WSG index determination
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Results and Discussions:

o W.exe to produce W index from GIM data
o W index from XMIS station (GPSIONMAP.EXE)
o W index correlation with level change of GPS erro

o WSG index correlation with level change of GP
error




W index during geomagnetic storm
in October 13, 2016

Simpangan TEC, DOY: 294 (20-10-2016), (-6.49,106.85)
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W index rose to 4, 1 day after geomagnetic storms
finished



) W Index XMIS station

TEC XMIS (-10.45, 105 .993), DOY: 293 (12-10-2016)
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W index +4 in day of geomagnetic storm but -4 for 2 days

after geomagnetic storm



W index - LCPE correlation

WSG index - LCPE correlation

WSG performance <, >, — W performance
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Deviation of STD
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Deviation of STD Y Component

Dev of STD from Median Value, Y Component, BAKO
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Level Change of Position Error

Error Cange Level, X Component. BAKO
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Level Change of Position Error

Error Cange level. Y Component, BAKO
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Level Change of Position Error

Error Cange L evel, Z Component, BAK O
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lonospheric Disturbance Index, W, BAKO
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W and LCPE correlation

BAKD Station
0.6 ‘

Correlation Coefficient




) WSG (lonospheric Disturbance Index W
and Satellite Geometry)
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Lavel Change of Position Error X Comp

Position Error Change Level, X Component, CRO
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LCPE, Y Comp, CRO1
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lonospheric Disturbance Index (W), CROI
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) WSG Index,
29-30 Oct 2003 lonospheric Storm

CROI, WSG Index
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Correlation Coefficient

W and WSG performances
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Correlation Coefficient

W and WSG performances
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Correlaton Coefficent

W and WSG performances
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) Conclusions and Future works

o The automatic software has been developed to
estimate the lonospheric disturbance index, W, to
upload W Index to SWIFTS  website
(www.swifts.sains.lapan.go.id), for low latitude
region of Indonesia

o W index has low correlation with level change of
GPS position error .

o We have investigated the new ionospheric index as
combination of W index and satellite geometry
iIndex, WSG

o The early results of the new iospheric index, WSG,
has slightly improvement over W except during
phase of geomagetic storms



) Future works (2017):

The WSG index will be optimized to obtain high
correlation with the level change GPS
positioning error required by GNSS user

The WSG index will be estimated from GPS
stations networks (local, national, regional
and international)
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