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ABSTRAK

NS

Kebolehubahan jumlah kandungan elektron (TEC) yang tidak dapat dira %Wasan
khatulistiwa dan kekosongan dalam pengkalan data TEC yang disebabkar%‘( agalan
infrastruktur  Bumi  mewujudkan keperluan untuk membangunkan s teknik
penganggaran TEC. Pendekatan berasaskan NN didapati sangat ¢ di dalam
pemodelan parameter ionosfera kerana keupayaannya yang fleksibel m&geta fungsi tak
linear, yang boleh menganggarkan sebarang fungsi boleh uk linear dengan
ketepatan yang dikehendaki. Kajian ini mengemukakan pemb model rangkaian
neural (NN) untuk menganggar TEC ionosfera bagi sebuah enerima GPS tunggal
(Lat. 1°52'N, Long. 103°48'E, Junaman magnetik 14.3%) di a dati Februari 2005
hingga Desember 2006. Di dalam NN, kebolehubahan imodelkah sebggai fungsi

untuk variasi harian, variasi bermusim, solar, dan proksi ‘dan NN2
masing-masing digunakan untuk menginterpolasi (t ngekst asi
(tentu luar) data TEC setiap jam yang hilang. Keu rgolag¥yboleh

dilihat dengan lebih jelas berbanding dengan meng i nya empoh
yang lebih panjang untuk data yang hilang. mi % banyak
| erbanding

kesukaran dalam mengekstrapolasi (tentu luar) ni m
kur@ipada 85%

waktu siang. Model NN2 mempunyai pe
apabila data TEC yang hilang adalah lebi Whenggsahsahihan model,
j ﬁntarabangsa (IRI)
pada tahun 2006
musim solstis. Dari

nilai TEC bagi NN2 dibandingkan de 0

berdasarkan kepada GPS TEC. Keput%gar

menunjukkan bahawa, model NN2 sgbadan deng

segi purata RMSE, model NN2 %k n ' ak 39.9% berbanding
dengan model IRI bagi empat 1 rs TEC semasa peristiwa
spontan menunjukkan bahaw, el IRI untuk memberikan hasil
anggaran yang lebih tepat berbarttigg d emasa ribut ionosfera negatif
dengan Crel kira-kira ~25% \t®pwawtingg dari N2. Sebaliknya, model NN2
mampu menjanakan tr TE§ yang | i

ing dengan model IRl semasa
kesan ribut ionosfera p gan C

hingga 35% lebih tinggi daripada
model IRI. Selain pepganggdfan, a ionosfera juga sangat bermanfaat
sebagai sistem a Mal b'tgi uran kesan cuaca buruk di angkasa dan
bencana alam ter kehidwan i da% eknologi. Berdasarkan data pembaikan
GPS TEC, modﬁnrI iba an dengan menggunakan model hybrid
yang mengintgQr. gfb adu autoregresif bermusim (SARIMA) dan
rangkaian ng ifai '@ sehingga tiga hari lebih awal. Nilai ramalan
odel hifrid ghbghdi n dengan model individu SARIMA (FCAST-
N) ara berasingan berdasarkan kepada GPS TEC.
KeputasE pfnunjukkarn®bah WNmi TEC bagi ketiga-tiga model ramalan agak baik
sem daan tenang. Seme tﬁg tu, pencapaian model individu turun semasa keadaan
sew , dan ralat ramalan memMngkat pada kedua-dua model tunggal apabila ufuk masa
120 lebih besar. Selain itu, dari segi purata RMSE, peningkatan peratusan model
sorie® terhadap SARIMA dan NN semasa keadaan terganggu ialah masing-masing
atatkan ~13.4% dan ~26.1%. Model penganggaran (estimation) dan peramalan
ecasting) digunakan secara bersama-sama untuk menyediakan satu kajian yang
enyeluruh mengenai pemodelan ionosfera TEC di Parit Raja, Malaysia.




ABSTRACT

NS

Unpredictable variability of total electron content (TEC) in the equatorial r d gaps
in the TEC database due to Earth infrastructure failures creates a need t%o a TEC
in m

estimation model. NN-based approaches are found promising odelling the
ionospheric parameters because they have flexible non-linear %n mapping
capability, which can estimate any non-linear measurable function #gith ag®itrarily desired
accuracy. This work presents, the development of neural netw Mbased model to
estimate the ionospheric TEC for a single GPS receiver ta%at. 1°52°N, Long.
103°48’E, Magnetic dip 14.3°) over Malaysia from Februar De':ember 2006. In
NN, the TEC variability is modelled as a function of di riation,'geasongf variation,
solar and magnetic proxies. The NN1 and NN2 models us dwpola nd
extrapolate the missing hourly TEC data, respectively. NN’s ifiterpolatign c ility
could be seen more evidently than the extrapolati pecially g!r p&lods of
missing data. The NN2 model experienced dif{ extrdbalatind the 'IYC values
during the night time than the daytime. The NN2 i M ion (C elow than

' ationglalues from

85% when the missing TEC data are above .
NNZ2 are compared with the International % IRI)gpodel with respect
to GPS TEC. The estimation results e f#ur seasons 200®OW that, the NN2

rrmof average root mean

0#39.9% compared to the

IRI model over the four seasons. Th dic@bility 0 EC@ ng negative ionospheric
ccurate estimation results

terreg to |dq m@@/
than the NN2 model with Crel i ert N2 model. Conversely, the
NN2 model able to generaliz EC ’;nd f v@ably than the IRl model during

positive ionospheric st ts with§Crelfis &b%ﬂo to 35% higher than the IRI
model. Besides estimationen iQn I forecasting model can be highly
beneficial as an ear, rning o\m order ssen the adverse space weather and
natural hazard im on'hu d teclgpogies. Based on the recovery GPS TEC
data, a time seri% sting dev@ed using a hybrid model that integrates the
seasonal auto% e ifite8ra vir&)lverage (SARIMA) and neural networks to
forecast th C wélues t?ﬁr da (ahead. The forecast TEC values from the hybrid
model ar, %ed yi the indivj models SARIMA (FCAST-SARIMA) and NN
eparately |th¢ﬂespe GPS TEC. Results show that all the three models
EC values fairly Weg@?:g quiet condition. Meanwhile, the performance of
th% ual models degraded™during moderate condition and the forecasting errors
i for both the single models as the time horizon became larger. Besides, in term
age RMSE the percentage improvements of the hybrid model over SARIMA and
during disturbed condition are ~13.4% and ~26.1%, respectively. The estimation and
recasting models are used in tandem to provide a complete investigation on ionospheric
EC modelling at Parit Raja, Malaysia.
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e . electron charge ' _\q
o . electric permittivity of free \’ \,Y.

Alp, . pseudo-range |onosph indpiced ) at Ls&frequency
Alp, . pseudo-range |onos nduced ergl (m) :@ frequency
Aly, . carrier ionosp \3) éfrequency

Alg, . carrierio ic ind d ergrs ( L2 frequency

YR  way, Ie?ﬂthe gnal at equency

Ay - wavelen h

th (J\@LZ frequency

of
i

" v piale
('\:kzl)a

carr I pas |§/amb|gumes between satellite and receiver

nt er a ities between satellite and receiver

(cy ”?qu ncy
A &
. pseudo- ra}e satellite hardware delays (m) at L1 frequency

% . pseudo-range satellite hardware delays (m) at L2 frequency

05% . carrier phase satellite hardware delays (m) at L1 frequency

bSs, . carrier phase satellite hardware delays (m) at L2 frequency



bRp, . pseudo-range GPS receiver hardware delays (m) at L1 frequency

bRp, . pseudo-range GPS receiver hardware delays (m) at L2 freqlw
bRy, . carrier phase GPS receiver hardware delays (m) at L %cy
bRy, . carrier phase GPS receiver hardware delays (m) at%uency
Amutipatn,p,, - Pseudo-range multipath effects (m),

Amuitipath,p, V

Amuitipatne,, - Carrier phase multipath effects (m), Y' '

Amultipath,d:vz \d
L
g

e(P,),e(P,) : pseudo-range measurement nag m), ' _{")
| ’ &y

e(®,),e(d,) : carrier phase measurement@!( \ S.
S 12 <
N ? O
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xii

ABBREVIATION

g
O

ACF Autocorrelation Function

AIC Akaike Information Criterion

ap Equivalent three hourly plangtary #nplitude
AR Autoregressive

ARIMA Autoregressive Integrate ing Average
ARMA Autoregressive Movi ve§age

BFG Boyden, Fletcher anec hang) update
CGB Powell - Beale restagls conjug ient
CGF Fletcher - Reevgs Update cpnju grﬁ(ji\m
CGP Polak-Ribiere conjygate a'hi-,
CME Coronal Ma tions

Crel Relative ¢ i P 4 b

DN Day N@' \ Y?

Dst Disturlagace SRormef i é

Eabs Absqftt r mi

EIA righ lonizati om Q
Erel Rela err @
EUV eme U 0\7101? &\
F10.7 olar Radh

FCAST-NN ecastNN » 4 Q’
FCAST-SARIMA \ ore%gMA )
E
h ie

GAGAN

G
GDA Y' B%: |. @scent with variable learning
‘ 1 ra

GISTM ofpKeric Scintillation and TEC Monitor
GNSS \ \o al N \ﬁ%on Satellite Systems

GPS & ' obal ioning System

HF igh ency

HR \ p Mo
HYBRID %I 4 H era Seasonal Autoregressive Integrated
Q, Ing Average-Neural Network
ernational GNSS Service
s tonospheric Pierce Point
c}' International Reference lonosphere
N

% International Satellites for lonospheric Studies
% Jabatan Ukur dan Pemetaan Malaysia
/

Levenberg-Marquardt algorithm
uT Local or Universal Time

QAA Moving Average
MASS Malaysia Active GPS System

MLE Maximum Likehood Estimation
MSE Mean Square Error



M-SLM Modify Single Layer Model
MyRTKnet Malaysia RTK Network
NGDC National Geophysical Data Centre
NN Neural Network \
PACF Partial Autocorrelation Function %
PPP Precise Point Positioning
PPS Precise Positioning Service
PRE Pre-Reversal Enhancement
RACF Residual Autocorrelation Functio
RINEX Receiver Independent Exchdgge Rofmat
RMSE Root Mean Square Error
ROT Rate of TEC g -
RP Resilient back-propagig lgo'ithm
RTK Real Time Kinemgk
Si07 Solar extreme ultra (E M
SA Selectivity Avaifgbility g
SARIMA Seasonal A%essive In a‘sd _\%ving
Average
SC Solar Cycl 4 \,Y.
SCG Scaled conjigat \1@1#\ X
SEM Solar ni é
SLM Sing@ M Qfo
SOHO Sm Heliosph€ bs@ ry
SPS tan Positjoni ige
SSE of Squa ?
SSN UREPO e $
sTEC nt “« Q-
TEC \éota Corﬂﬁ/
TECU To nC t Unit
URSI Y' Inernat|@n Iﬁ%n Radio Science
USDoD % Uniited States WepPartment of Defense
VHF V. I uency
VRS \ \‘ktual Refs#énce Station
VTEC & rtica
WARAS irel nd Radio Science Centre
WDC \ # 2 odédata Centre
Q ) @
3
& R
)\ N



